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OBJECTS    AND    RULES 

OF 

THE  ASSOCIATION. 


OBJECTS* 

Thi  Assocutioh  contemplates  no  interference  with  the  ground  occupied 
bj  other  institutions.  Its  objects  are : — To  give  a  stronger  impulse  and 
a  more  systematic  direction  to  scientific  inquiry, — to  promote  the  inter- 
course oi  those  who  cultivate  Science  in  different  parts  of  the  British 
Empire,  with  one  another  and  with  foreign  philosophers,— to  obtain  a 
more  general  attention  to  the  objects  of  Science,  and  a  removal  of  any 
disadvantages  of  a  public  kind  which  impede  its  progress. 

RULES. 
Admission  of  Mevnbera  and  AaaodcUee. 

All  persons  who  have  attended  the  first  Meeting  shall  be  entitled 
to  become  Members  of  the  Association,  upon  subscribing  an  obligation 
to  conform  to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical 
Societies  publishing  Transactions,  in  the  British  Empire,  shall  be  entitled, 
in  like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees, 
of  Philosophical  Listitutions  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Coun* 
ml  or  Managing  Committee  snail  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

Persons  not  belonging  to  such  Listitutions  shall  be  elected  by  tha 
General  Committee  or  Council  to  become  Life  Members  of  the  Asso- 
ciation.  Annual  Subscribers,  or  Associates  for  the  year,  subject  to  the 
approval  of  a  Oeneral  Meeting. 

CompoaitionSy  Subscriptions^  a/ad  Privileges. 

LiFK  Mehbbbs  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  graiwtouBly  the  Reports  of  the  Association  which  may  be 
published  after  the  date  of  such  payment.  They  are  eligible  to  all  the 
offices  of  the  Association.  » 

AnruAL  SuBSCBiBBBS  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
ttd  in  each  following  year  the  sum  of  One  Pound.    They  shall  receive 
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gratmtowhj  the  Reports  of  the  Association  for  the  year  of  their  admission 
and  for  the  years  in  which  they  continue  to  pay  without  intermission  their 
Annnal  Subscription.  By  omitting  to  pay  this  subscription  in  any  par- 
ticular year,  Members  of  this  class  (Annual  Subscribers)  lose  for  that  a/nd 
oM  future  years  the  privilege  of  receiving  the  volumes  of  the  Association 
gratis ;  but  they  may  resume  their  Membership  and  other  privileges  at  any 
subsequent  Meeting  of  the  Association,  paying  on  each  such  occasion  the 
sum  of  One  Pound.  They  are  eligible  to  all  the  offices  of  the  Association. 
AssocUTES  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 

The  Association  consists  of  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on 
admission  Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to 
the  payment  of  One  Pound  annually.  [May  resume  their  Membership  after 
intermission  of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the 
payment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each 
foUowing  year.  [May  resume  their  Membership  after  intermission  of 
Annual  Payment.]. 

5.  Associates  tor  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratis^  or  to  ^rchase  it  at  reduced  (or  Members') 
price,  according  to  the  followiug  specification,  viz. : — 

1.  OraUs» — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845, 
a  further  sum  of  Five  Pounds. 

New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 

Annual  Members  who  ha/oe  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Members^  Price^  viz.,  two-thirds  of  the  Publication  Price. 

— Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  but  no  further  sum  as  a  Book 
Subscription. 

AnnualMembers  who  haveintermitted  their  Annual  Subscription. 

Associates  for  the  year.  [Privilege  confined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  volumes  of  the  Reports  of  the  Association  up  to  1874, 
of  which  more  Uian  15  copies  remain,  at  2^.  Gc/.  per  volume.' 

Application  to  be  made  at  the  Office  of  the  Association. 
Volumes  not  claimed  within  two  years  of  the  date  of  publication  can 
only  be  issued  by  direction  of  the  Council. 

Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

'  4  f®^  complete  sets,  1831  to  1874^  are  on  sale,  at  £10  the  set. 
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Meefmge. 

The  Association  shall  meet  annnallj,  for  one  week,  or  lon^^r.  The 
place  of  each  Meeting  shall  be  appointed  by  the  Greneral  Committee  not 
less  than  two  years  in  advance  ^ ;  and  the  arrangements  for  it  shall  be 
entrosted  to  the  Of&cers  of  the  Association. 

Q&nerdL  Committee. 

The  General  Committee  shall  sit  during  the  week  of  the  Meotine,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  or  the 
following  persons : — 

Class  A.    Pbrhakent  Membbbs. 

1.  Members  of  the  Council,  Presidents  of  the  Association,  and  Presi- 
dents of  Sections  for  the  present  and  preceding  years,  with  Authors  of 
Beports  in  the  Transactions  of  the  Association. 

2.  Members  who  by  the  pablication  of  Works  or  Papers  have  fur- 
thered the  advancement  of  those  subjects  which  are  taken  into  considera- 
tion at  the  Sectional  Meetings  of  the  Association.  With  a  view  of  suh* 
miiUng  new  claims  under  this  Bule  to  the  decision  of  the  Council^  they  must  he 
sent  to  the  Assistant  General  Secretary  at  least  one  month  before  the  Meeting 
of  the  Association.  The  decision  of  the  Council  on  the  claims  of  an/y  Member 
of  the  Association  to  he  placed  on  the  list  of  the  General  Oormnittee  to  he  final. 

Class  6.    Tsmfobabt  Membebs.^ 

1.  Delegates  nominated  by  the  Corresponding  Societies  under  the 
conditions  hereinafter  explained.  Olaims  under  this  Rule  to  he  sent  to  the 
Assistant  General  Secretary  hefore  the  opening  of  the  Meeting, 

2.  Office-bearers  for  the  time  being,  or  delegates,  altogether  not  ex- 
ceeding three,  from  Scientific  Institutions  established  in  the  place  of 
Meeting.  Olaims  under  this  Rule  to  he  approved  hy  the  Local  Secretaries 
hefore  the  opening  of  the  Meeting, 

3.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and 
who  are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by 
the  President  and  General  Secretaries. 

4.  Vice-Presidents  and  Secretaries  of  Sections. 

Organising  Sectioned  Committees.^ 

The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  several  Sec- 
tions are  nominated  by  the  Council,  and  have  power  to  exercise  the  func- 
tions of  Sectional  Committees  until  their  names  are  submitted  to  the 
General  Committee  for  election. 

From  the  time  of  their  nomination  they  constitute  Organising  Com- 
mittees for  the  purpose  of  obtaining  information  upon  the  Memoirs  and 
Beports  likely  to  be  submitted  to  the  Sections,^  and  of  preparing  Reports 

'  Bevised  by  the  General  Ck)mmittee,  Liverpool,  1896. 
^  Bevised,  Montreal,  1884. 
«  Passed,  Kdinburgh,  1871,  revised,  Dover,  1899. 

*  yotice  to  Onttribictors  of  Memoirs. — Authors  are  reminded  that,  under  an 
ftrr^Bgeipftnt  datUig  from  1871,  the  acceptance  of  Memoirs,  and  the  d^-ys  on  which 
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fchereon,  and  on  the  order  in  whieh  ifc  is  desirable  that  ihej  slioiild  be 
read.  The  Sectional  Presidents  of  former  years  are  ex  officio  members 
of  the  Organising  Sectional  Committees.^ 

An  Organising  Committee  may  also  hold  saoh  preliminary  meetings  as 
the  President  of  the  Committee  thinks  expedient,  but  shall,  under  any 
circumstances,  meet  on  the  first  Wednesday  of  the  Annual  Meeting,  at 
2  P.M.,  to  appoint  members  of  the  Sectional  Committee.^ 

Constitution  of  the  Sectional  Committeea.^ 

On  the  first  day  of  the  Annual  Meeting,  the  President,  Vice-Presi* 
dents,  and  Secretiuies  of  each  Section^  who  will  be  appointed  by  the 
General  Committee  at  4  p.m.,  and  those  previous  Presidents  and  Vioe^ 
Presidents  of  the  Section  who  may  desire  te  attend,  are  to  meet,  at  2  p.m., 
in  their  Committee  Booms,  and  appoint  the  Sectional  Committees  by 
selecting  individuals  from  among  the  Members  (not  Associates)  present 
at  the  Meeting  whose  a.ssistance  they  may  particularly  desire.  Any 
Member  who  has  intimated  the  intention  of  attending  the  Meeting,  and 
who  has  already  served  upon  a  Committee  of  a  Section,  is  eligible  for 
election  as  a  Member  of  the  Committee  of  that  Section  at  its  first 
meeting.^  The  Sectional  Committees  thus  constituted  shall  have  power 
to  add  to  their  number  from  day  to  day. 

The  List  thus  formed  is  to  be  entered  daily  in  the  Sectional  Minute- 
Book,  and  a  copy  forwarded  without  delay  to  the  Printer,  who  is  chareed 
with  publishing  the  same  before  8  a.m.  on  the  next  day  in  the  Journal  of 
the  Sectional  Proceedings. 

BusiTieaa  of  the  Sectional  Committees. 

Committee  Meetings  are  to  be  held  on  the  Wednesday,  and  on  the 
following  Thursday,  Friday,  Saturday,*  Monday,  and  Tuesday,  for  the 
objects  stated  in  the  Bules  of  the  Association.  The  Organising  Committee 
of  a  Section  is  empowered  to  arrange  the  hours  of  meeting  of  the  Section 
and  the  Sectional  Committee  except  for  Saturday.^ 

The  business  is  to  be  conducted  in  the  following  manner : — 

1.  The  President  shall  call  on  the  Secretary  to  read  the  minutes  of 
the  previous  Meeting  of  the  Committee. 

they  are  to  be  read,  are  now  as  far  as  possible  determined  by  Organising  Committees 
for  the  several  Sections  before  the  hegvnnirtg  of  the  Meeting,  It  bas  therefore  become 
necessary,  in  order  to  give  an  opportunity  to  the  Committees  of  doing  jostice  to  the 
several  Communications,  that  each  author  should  prepare  an  Abstract  of  his  Memoir 
of  a  length  suitable  for  insertion  in  the  published  Transactions  of  the  Association, 
and  that  he  should  send  it,  together  with  the  original  Memoir,  by  book-post,  on  or 

before ,  addressed  to  the  General  Secretaries,  at  the  office  of 

the  Association.    *  For  Section *    If  it  should  be  inconvenient  to  the  Author 

that  his  paper  should  be  read  on  any  particular  days,  he  is  requested  to  send  in- 
formation thereof  to  the  Secretaries  in  a  separate  note.  Authors  who  send  in  their 
MSS.  three  complete  weeks  before  the  Meeting,  and  whose  papers  are  accepted, 
will  be  furnished,  before  the  Meeting,  with  printed  copies  of  their  Reports  and 
abstracts.  No  Report,  Paper,  or  Abstract  can  be  inserted  in  the  Annual  Volume 
unless  it  is  handed  either  to  the  Recorder  of  the  Section  or  to  the  Assistant  Qeneral 
Secretary  htfore  the  conoluHan  of  the  Meeting, 

»  Sheffield,  1879.  «  Swansea,  1880,  revised,  Dover,  1899. 

»  Edinburgh,  1871,  revised,  Dover,  1899.  *  Glasgow,  1901. 

*  The  meeting  on  Saturday  is  optional,  Southport,  1888.     *  Nottingham,  1898. 
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2.  No  paper  shall  be  read  until  it  has  been  formally  accepted  by  the 

Committee  of  the  Section,  and  entered  on  the  minutes  acoord- 
ingly. 

3.  Pajjers  which  have  been  reported  on  unfavourably  by  the  Organ- 

ising Committees  shall  not  be  brought  before  the  Sectional 
Committees.^ 

At  the  first  meeting,  one  of  the  Secretaries  will  read  the  Minutes  of 
last  year's  proceedings,  as  recorded  in  tibe  Minute-Book,  and  the  Synopsis 
of  Hecommendatious  adopted  at  the  last  Meeting  of  the  Association 
and  printed  in  the  last  volume  of  the  Keport.  He  will  next  proceed  to 
read  the  Report  of  the  Organising  Committee.'  The  list  of  Communi- 
cations to  be  read  on  Thursday  shall  be  then  arranged,  and  the  Kenenkl 
distribution  of  business  throughout  the  week  shall  be  provistonidly  ap- 
pointed.' At  the  close  of  the  Committee  Meeting  the  Secretaries  shall 
forward  to  the  Printer  a  List  of  the  Papers  appointed  to  be  read.  The 
Printer  is  charged  with  publishing  the  same  before  8  a.m.  on  Thursday 
in  the  Journal. 

On  the  second  day  of  the  Annual  Meeting,  and  the  following  days, 
the  Secretaries  are  to  correct,  on  a  copy  of  the  Journal,  the  list  of  papers 
which  have  been  read  on  that  day,  to  add  to  it  a  list  of  those  appointed 
to  be  read  on  the  next  day,  and  to  send  this  copv  of  the  Journal  as  early 
in  the  day  as  possible  to  the  Printer,  who  is  charged  with  printing  the 
same  before  8  a.m.  next  morning  in  the  Journal.  It  is  necessazr  that  one 
of  the  Secretaries  of  each  Section  (generally  the  Recorder)  snould  call 
at  the  Printing  Office  and  revise  the  proof  each  evening. 

Minutes  of  the  proceedings  of  every  Committee  are  to  be  entered  daily 
in  the  Minute-Book,  which  should  be  confirmed  at  the  next  meeting  of 
the  Committee. 

lists  of  the  Reports  and  Memoirs  read  in  the  Sections  are  to  be  entered 
in  the  Minute-Book  daily,  which,  with  all  Memoirs  and  Oopies  or  Ahstra^cts 
of  Memoirs  Jumished  hy  Authors^  are  to  he  forwa/rded^  at  the  close  of  the 
Sectional  Meetings^  to  the  Assistant  General  Secretary. 

The  Yice-Presidente  and  Secretaries  of  Sections  become  ex  officio 
temporary  Members  of  the  General  Committee  (vide  p.  xxxi),  and  will 
receive,  on  application  to  the  Treasurer  in  the  Reception  Room,  Tickete 
entitling  them  to  attend  its  Meetings. 

The  Committees  will  take  into  consideration  any  suggestions  which  may 
be  offered  by  their  Members  for  &e  advancement  of  Science.  They  are 
specially  requested  to  review  the  recommendations  adopted  at  preceding 
Meetings,  as  published  in  the  volumes  of  the  Association,  and  the  com- 
munications made  to  the  Sections  at  this  Meeting,  for  the  purposes  of 
selecting  definite  pointe  of  research  to  which  individual  or  combined 
exertion  may  be  usefully  directed,  and  branches  of  knowledge  on  the 
steto  and  progress  of  which  Reporte  are  wanted ;  to  name  individuals  or 
Committees  for  the  execution  of  such  Reporte  or  researches ;  and  to  state 
whether,  and  to  what  degree,  these  objecto  may  be  usefully  advanced  by 
the  appropriation  of  the  fiinds  of  the  Association,  by  application  to 
Government,  Philosophical  Institutions,  or  Local  Authorities. 

In  case  of  appointment  of  Committees  for  special  objecte  of  Science, 
it  is  expedient  that  aU  Memhers  of  the  Committee  should  be  named,  and 


»  Plymouth,  1877.  «  EdiDburgh,  1871. 

1901. 
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one  of  them  appointed  to  act  as  Chairman^  who  ahaU  ha/ve  notified  per^ 
sondHy  or  in  torUing  his  willingness  to  accept  the  officey  the  Ohadrman  to  have 
the  responsibUUy  of  receiving  and  disbursing  the  grant  (if  any  has  been  made) 
and  securing  the  presentation  of  the  Report  in  due  time;  and^further^  it  is 
expedient  that  one  of  the  mcTribers  should  he  appointed  to  act  as  Secretary ^  for 
ensuring  attention  to  business. 

That  it  is  desirable  that  the  number  of  Members  appointed  to  serve  on  a 
Committee  should  be  as  small  as  is  consistent  vnth  its  efficient  working. 

That  a  tabular  list  of  the  Committees  appointed  on  the  recomm^idation 
of  each  Section  should  be  sent  each  year  to  the  Becord^s  of  the  several  8eC' 
tionsy  to  enable  them  to  fill  in  the  statement  whether  the  several  Committees 
appointed  on  the  recommendation  of  their  respective  Sections  had  presented 
their  reports. 

That  on  the  proposal  to  recommend  the  appointment  of  a  Committee  for  a 
special  object  of  science  having  been  adopted  by  the  Sectional  CommitteCy  the 
nwniber  ofMenibers  of  such  Committee  be  thenfixedy  but  that  the  Members  to 
serve  on  such  Committee  be  nominated  and  selected  by  the  Sectional  Com' 
mittee  at  a  subsequent  meeting,^ 

Committees  have  power  to  add  to  their  number  persons  -whose  assist- 
ance they  may  require. 

The  recommendations  adopted  by  the  Committees  of  Sections  are  to 
be  registered  in  the  Forms  famished  to  their  Secretaries^  and  one  Copy  of 
each  is  to  be  forwarded,  without  delay,  to  the  Assistant  General  Secretary 
for  presentation  to  the  Committee  of  Recommendations.  Unless  this  be 
doncy  the  Recommendations  cannot  receive  the  sanction  of  the  Association. 

N.B. — ^Recommendations  which  may  originate  in  any  one  of  the  Sections 
mast  first  be  sanctioned  by  the  Committee  of  that  Section  before  they  can 
be  referred  to  the  Committee  of  Recommendations  or  confirmed  by  the 
General  Committee. 


Notices  regarding  Orante  of  Money  J' 

1.  Ko  Committee  shall  raise  money  in  the  name  or  under  the  auspices  of 

the  British  Association  without  special  permission  from  the  General 
Committee  to  do  so ;  and  no  money  so  raised  shall  be  expended 
except  in  accordance  with  the  Rules  of  the  Association. 

2.  In  grants  of  money  to  Committees  the  Association  does  not  con  tern- 

plate  the  payment  of  personal  expenses  to  the  Members. 
8.  Conmiittees  to  which  grants  of  money  are  entrusted  by  the  Association 
for  the  prosecution  of  particular  Researches  in  Science  are  ap- 
pointed for  one  year  only.  If  the  work  of  a  Committee  cannot  be 
completed  in  the  year,  and  if  the  Sectional  Conmiittee  desire  the 
work  to  be  continued,  application  for  the  reappointment  of  the 
Committee  for  another  year  must  be  made  at  the  next  meeting  of 
the  Association. 
4.  Each  Committee  is  required  to  present  a  Report,  whether  final  or  in- 
terim,  at  the  next  meeting  of  the  Association  after  their  appoint- 
ment or  reappointment.  Interim  Reports  must  be  submitted  in 
writing,  though  not  necessarily  for  publication. 

*  Revised  by  the  General  Committee,  Bath,  1888. 

'  Revised  by  the  General  Ck>mmittee  at  Ipswioh,  18d5. 
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5.  In  mch  Oommittee  the  Cbairnian  ia  the  only  person  entitled  to 

call  on  the  Treiuiarer,  Professor  G.  Oarey  Foster,  F.B.S.,  fi>r 
such  portion  of  ihe  suns  granted  as  may  firom  iime  to  time  be 
required. 

6.  Grants  of  money  sanctioned  at  a  meeting  of  the  Association  expire  on 

Jane  30  following.  The  Treasurer  is  not  authorised  after  that 
date  to  allow  any  claims  on  account  of  such  grants. 

7.  nie  Chairman  of  a  Committee  must,  before  the  meeting  of  the  Asso- 

ciation next  following  after  the  appointment  or  reappointment  of 
the  Committee,  forward  to  the  Tr^urer  a  statement  of  the  sums 
which  have  been  received  and  expended,  with  vouchers.  The 
Chairman  must  also  return  the  balance  of  the  grant,  if  any,  which 
has  been  received  and  not  spent ;  or,  if  ftirther  expenditure  is  con- 
templated, he  must  apply  for  leave  to  retain  the  balance. 

8.  When  application  is  made  for  a  Committee  to  be  reappointed,  and  to 

retain  the  balance  of  a  former  grant  which  is  in  the  hands  of  tbe 
Chairman,  and  also  to  receive  a  further  grant,  the  amount  of  such 
fhrther  grant  is  to  be  estimated  as  being  additional  to,  and  not 
inclusive  of,  the  balance  proposed  to  be  retained. 

9.  The  Committees  of  the  Sections  shall  ascertain  whether  a  Report  has 

been  made  by  every  Committee  appointed  at  the  previous  Meeting 
to  whom  a  sum  of  money  has  been  granted,  and  shall  report  to  the 
Committee  of  Recommendations  in  every  case  where  no  such 
report  has  been  received. 

10.  Members  and  Committees  who  may  be  entrusted  with  sums  of  money 

for  collecting  specimens  of  any  description  are  requested  to  re- 
serve the  specimens  so  obtained  to  be  dealt  with  by  authority  of 
the  Council. 

11.  Committees  are  requested  to  furnish  a  list  of  any  apparatus  which 

may  have  been  purchased  out  of  a  grant  made  by  the  Association, 
and  to  state  whether  the  apparatus  will  be  useful  for  continuing 
the  researeh  in  question,  or  for  other  scientific  purposes. 

12.  All  Instruments,  Papers,  Drawings,  and  other  property  of  the  Asso- 

ciation are  to  be  deposited  at  the  Office  of  the  Association  when 
not  employed  in  scientific  inquiries  for  the  Association. 


Bu8ine88  of  the  Sections. 

The  Meeting  Room  of  each  Section  is  opened  for  conversation  shortly 
before  the  meeting  commences.  The  SecUcni  Rooms  a/nd  approaches  thereto 
can  he  used  for  no  notices,  exhibitions,  or  other  purposes  than  those  of  the 
ABBodation, 

At  the  time  appointed  the  Chair  will  be  taken,'  and  the  reading  of 
communications,  in  the  order  previously  made  public,  commenced. 

Sections  may,  by  the  desire  of  the  Committees,  divide  themselves  into 
Departments,  as  often  as  the  number  and  nature  of  the  communications 
deliyered  in  may  render  such  divisions  desirable. 

*  The  OiganisiDg  Committee  of  a  Section  is  empowered  to  arrange  the  hours 
otaeetiiig  of  tbe  Section  and  of  the  Sectional  Committee,  except  for  Saturday. 
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A  Beporfc  presented  to  the  Association^  and  read  to  the  Section  which 
originally  called  for  it,  may  be  read  in  another  Section,  at  the  request  of 
the  Officers  of  that  Section,  with  the  consent  of  the  Author. 


Duties  of  the  Doorkeepers. 

1.  To  remain  constantly  at  the  Doors  of  the  Booms  to  which  they  are 

appointed  daring  the  whole  time  for  which  they  are  engaged. 

2.  To  require  of  every  person  desirous  of  entering  the  Booms  the  ex- 

hibition of  a  Member's^  Associate's,  or  Lady's  Ticket,  or  Beporter's 
Ticket,  signed  by  the  Treasurer,  or  a  Special  Ticket  signed  by  the 
Assistant  General  Secretary. 
8.  Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted 
to  any  particular  Boom  by  order  of  the  Secretary  in  that  Boom* 

No  person  is  exempt  from  these  Bules,  except  those  Officers  of  the 
Association  whose  names  are  printed  in  the  Official  Programme,  p.  1. 

Duties  of  the  Messengers. 

To  remain  constantly  at  the  Booms  to  which  they  are  appointed  dur- 
ing the  whole  time  for  which  they  are  engaged,  except  when  employed  en 
messages  by  one  of  the  Officers  directing  these  Booms. 

Committee  of  Recommendations. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee, 
which  shall  receive  and  consider  the  Becommendations  of  the  Sectional 
Committees,  and  report  to  the  General  Committee  the  measures  which 
they  would  advise  to  be  adopted  for  the  advancement  of  Science. 

The  ex  officio  members  of  the  Committee  of  Becommendations  are  the 
President  and  Vice-Presidents  of  the  Meeting,  the  General  and  Assistant- 
General  Secretaries,  the  General  Treasurer,  the  Trustees,  and  the  Presidents 
of  the  Association  in  former  years. 

All  Becommendations  of  Grants  of  Money,  Bequests  for  Special  Be- 
searches,  and  Beports  on  Scientific  Subjects  shall  be  submitted  to  the 
Committee  of  Becommendations,  and  not  taken  into  consideration  by  the 
General  Committee  unless  previously  recommended  by  the  Committee  of 
Becommendations. 

All  proposals  for  establishing  new  Sections,  or  altering  the  titles  of 
Sections,  or  for  any  other  change  in  the  constitutional  forms  and  funda- 
mental rules  of  the  Association,  shall  be  referred  to  the  Committee  of 
Becommendations  for  a  report.^ 

K  the  President  of  a  Section  is  unable  to  attend  a  meeting  of  the 
Committee  of  Becommendations,  the  Sectional  Committee  shstU  be 
authorised  to  appoint  a  Vice-President,  or,  £Ekilinff  a  Vice-President, 
some  other  member  of  the  Committee,  to  attend  in  his  place,  due  notice 
of  the  appointment  being  sent  to  the  Assistant  General  Secretary.^ 

■  Passed  by  the  General  Committee  at  Birmingham,  1865. 
*  Passed  by  the  General  Committee  at  Leeds,  ISSO. 
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Oorrespcynding  Sodetiea} 

1.  Any  Society  is  eligible  to  be  placed  on  the  List  of  Corresponding 
Societies  of  the  Association  which  undertakes  local  scientific  investiga* 
tions,  and  publishes  notices  of  the  results. 

2.  Application  may  be  made  by  any  Society  to  be  placed  on  the 
List  of  Corresponding  Societies.  Applications  must  be  addressed  to  the 
Assistant  General  ScCTctary  on  or  before  the  Ist  of  June  preceding  the 
Annual  Meeting  at  which  it  is  intended  they  should  be  considered,  and 
must  be  accompanied  by  specimens  of  the  publications  of  the  results  of 
the  local  scientific  investigations  recently  undertaken  by  the  Society. 

3.  A  Corresponding  Societies  Committee  shall  be  annually  nomi- 
nated by  the  Council  and  appointed  by  the  General  Committee  for  the 
purpose  of  considering  these  applications,  as  well  as  for  that  of  keeping 
themselves  generally  informed  of  the  annual  work  of  the  Corresponding 
Societies,  and  of  superintending  the  preparation  of  a  list  of  the  papers 
published  by  them.  This  Committee  shall  make  an  annual  report  to  the 
General  Committee,  and  shall  suggest  such  additions  or  changes  in  the 
List  of  Corresponding  Societies  as  they  may  think  desirable. 

4.  Every  Corresponding  Society  shall  return  each  year,  on  or  before  the 
1st  of  June,  to  the  Assistant  General  Secretary  of  the  Association,  a 
schedule,  properly  fiUed  up,  which  will  be  issued  by  him,  and  which  will 
contain  a  request  for  such  particulars  with  regard  to  the  Society  as  may 
be  required  for  the  information  of  the  Corresponding  Societies  Committee. 

5.  There  shall  be  inserted  in  the  Annual  Report  of  the  Association 
a  list,  in  an  abbreviated  form,  of  the  papers  published  by  the  Corre- 
sponding Societies  during  the  past  twelve  months  which  contain  the 
results  of  the  local  scientSc  work  conducted  by  them ;  those  papers  only 
being  included  which  refer  to  subjects  coming  under  the  cognisance  of 
one  or  other  of  the  various  Sections  of  the  Association. 

6.  A  Corresponding  Society  shall  have  the  right  to  nominate  any 
one  of  its  members,  who  is  also  a  Member  of  the  Association,  as  its  dele- 
gate to  the  Annual  Meeting  of  the  Association,  who  shall  be  for  the  time 
a  Member  of  the  General  Committee. 

Conference  of  Delegates  of  Oorrespondvng  Societiee. 

7.  The  Conference  of  Delegates  of  Corresponding  Societies  is  em- 

Swered  to  send  recommendations  to  the  Conmiittee  of  Becommen- 
tions  for  their  consideration,  and  for  report  to  the  General  Conmiittee* 

8.  The  Delegates  of  the  various  Corresponding  Societies  shall  con- 
stitute a  Conference^  of  which  the  Chairman,  Yioe-Chairmen,  and  Secre- 
taries shall  be  annually  nominated  by  the  Council,  and  appointed  by  the 
General  Committee^  and  of  which  the  members  of  the  Corresponding 
Booieties  Committee  shall  be  ex  officio  members. 

9.  The  Conference  of  Delegates  shall  be  summoned  by  the  Secretaries 
to  hold  one  or  more  meetings  during  each  Annual  Meeting  of  the  Associa- 
tion, and  shall  be  empowered  to  invite  any  Member  or  Associate  to  take 
part  in  the  meetings. 

10.  The  Secretaries  of  each  Section  shall  be  instructed  to  transmit  to 

^  Passed  by  the  General  Committee,  1884. 
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the  Secretaries  of  the  Conference  of  Dele^tes  copies  of  any  recommen- 
dations forwarded  by  the  Presidents  of  Sections  to  the  Committee  of 
Becommendations  bearing  upon  matters  in  which  the  co-operation  of 
Corresponding  Societies  is  desired ;  and  tiie  Secretaries  of  the  Conference 
of  Delegates  shall  invite  the  authors  of  these  recommendations  to  attend 
the  meetings  of  the  Conference  and  give  verbal  explanations  of  their 
objects  and  of  the  precise  way  in  which  they  wonld  desire  to  have  them 
carried  into  effect. 

11.  It  wHl  be  the  duty  of  the  Delegates  to  make  themselves  familiar 
with  the  purport  of  the  several  reconmiendations  brought  before  the  Confer- 
ence, in  order  that  they  and  others  who  take  part  in  the  meetings  may  be 
able  to  bring  those  recommendations  clearly  and  favourably  before  their 
respective  Societies.  The  Conference  may  also  discuss  propositions  bear« 
ing  on  the  promotion  of  more  systematic  observation  and  plans  of  opera, 
tion,  and  of  greater  uniformity  in  the  mode  of  publishing  results. 


Local  Coraimttees. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association 
to  assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shtdl  have  the  power  of  adding  to  their  numbers 
those  Members  of  the  Association  whose  assistance  they  may  desire. 

O^Hoers. 

A  President,  two  ot  more  Vice-Presidents,  one  or  more  Secretaries, 
and  a  Treasurer  shall  be  annually  appointed  by  the  Qeneral  Committee* 


Council. 

In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall 
be  managed  by  a  Council  appointed  by  the  Qeneral  Committee.  The 
Council  may  also  assemble  for  the  despatch  of  business  during  the  week 
of  the  Meeting. 

(1)  The  Council  shall  consist  of  ^ 

1.  The  Trustees. 

2.  The  TAst  Presidents. 

3.  The  President  and  Yice-IVesidents  for  the  time  being. 

4.  The  President  and  Vice-Presidents  elect. 

5.  The  past  and  present  General  Treasurers,  (General  and 

Assistant  Qeneral  Secretaries. 

6.  The    Local    Treasurer   and   Secretaries  for   the    ftn^^it^g 

Meeting. 

7.  Ordinary  Members. 

(2)  The  Ordinary  Members  shall  be  elected   annually  from   the 

General  Committee. 

*  Ft^ssed  by  the  General  Commit^  ^t  Belfast,  1874. 
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(3)  There  aball  be  not  more  than  twenty-fiye  Ordinary  Members,  of 

whom  not  more  than  twenty  shall  have  served  on  the  Gonncil, 
as  Ordinary  Members,  in  the  previons  year. 

(4)  In  order  to  carry  out  ihe  foregoing  role,  the  following  Ordinary 

Members  of  the  outgoing  ConncSl  shall  at  each  annual  election 
be  ineligible  for  nomination : — 1st,  those  who  have  serred  on 
the  Connoil  for  the  greatest  number  of  oonsecutiye  years ;  and, 
2nd,  tiiose  who,  being  resident  in  or  near  London,  have 
attended  the  fewest  number  of  Meetings  during  the  year 
^-observing  (as  nearly  as  possible)  the  proportion  of  three  by 
seniority  to  two  by  least  attendance. 

(5)  The  Council  shall  submit  to  the  General  Committee  in  their 

Annual  Beport  the  names  of  the  Members  of  the  General 
Committee  whom  they  recommend  for  election  as  Members  of 
Council. 

(6)  The  Election  shall  take  place  at  the  same  time  as  that  of  the 

Officers  of  the  Association. 

Papers  arid  Communications. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to 
reserve  his  right  of  property  therein. 

Accov/rUs. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
ai^inted  by  the  General  Committee. 
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TEUSTEES  AND  GENERAL  OFFICERS,  1831—1902. 


TRUSTEES. 


1832-70  (Sir)  R.  I.  MUBCHIBOH  (Bart.),   i  1872 

F.R^.  ! 

1832-62  John  Taylob,  Esq.,  F.R.S. 
1832-39  G.  Babbaoe,  Esq.,  F.R.S. 
1S39-44  F.  Baily,  Esq.,  F.R.S. 
1844-68  Rev.  G.  Peacock,  F.R.S. 
1858-82  Qeneral  E.  Sabinb,  F.R.S. 
1362-81  Sir  P.  EORBTON,  Bart.,  F.R.S. 


Sir  J.  LuBBOOK,  Bart,  (now  Lord 

AVBBUBY),  F.R.S. 
1881-88  W.  Spottiswoodb,  Esq.,  Pres. 

R.S. 
Lord  Raylbigh,  F.R.S. 
Sir  Lyon  (now  Lord)  Platfaib, 

F.R.S. 
Prof.  A.  W.  ROCKBB,  F.R.S. 


1883 
1888-98 

1898 


GENERAL    TREASURERS. 


]  831       Jonathan  Gray,  Esq. 
1832-62  John  Taylob,  Esq.,  F,R.S. 
1862-74  W.  Spottiswoodb,  Esq.,  F.R.S. 


1874-91  Prof.  A.  W.  Williamson,  F.R.S. 
1891-98  Prof.  A.  W.  RCckbb.  F.R.S. 
1898       Prof.  G.  C.  Foster,  F.R.8. 


GENERAL    SECRETARIES. 


1832-35  Rev.  W.  Vbbnon  Habcoubt, 

F.R.S. 
1835-36  Rev.  W.  Vbbnon  Habcoubt, 

F.R.S.,  and  F.  Baily,  Esq., 

F.R.S. 
1836-37  Rev.  W.  Vbbnon  Habcoubt, 

F.R.S.,  and  R.  I.  Mxtbchison, 

Esq.,  F.R.S. 
1837-39  R.  I.  Mubchmon,  Esq.,  F.R.S., 

and  Rev.  G.  Peacock,  F.R.S. 
1839-45  Sir  R.   I.  MUBCHISON,  F.R.S., 

and  Major  E.  Sabine.  F.R.S. 
1845-50  Lieut.-ColonelE.SABiNB,F.R.S. 
1850-52  General  E.  Sabine,  F.R.S.,  and 

J.  F.  ROYLB,  Esq.,  F.R.S. 
1852-63  J.  F.  ROYLE,  Esq.,  F.R.S. 
1853-69  General  E.  Sabine,  F.R.S. 
1859-61  Prof.  R.  Walkeb,  F.R.S. 
1861-62  W.  Hopkins,  Esq.,  F.R.S. 
1862-63  W.  Hopkins,  Esq.,  F.R.S.,  and 

Prof.  J.  Phillips,  F.R.S. 
W63-66  W.  Hopkins,  Esq.,  F.R.S.,  and 

F.  Galton,  Esq.,  F.R.S. 
1865-66  F.  Galton,  Esq.,  F.R.S. 


1866-68 

1868-71 

1871-72 

1872-76 

1876-81 

1881-82 

1882-83 
1883-95 

1895-97 


1897- 

1900 

1900 


F.  Galton,  Esq.,  F.R.S.,  and 

Dr.  T.  A.  HiBST,  F.R.S. 
Dr.  T.  A.  HiBST.  F.R.S.,  and  Dr. 

T.  Thomson,  F.R.S. 
Dr.T.  THOMSON,F.R.S.,andCapt. 

Douglas  Galton,  F.R.S. 
Capt.  D.  Galton,  F.R.S..  and 

Dr.  Michael  Fosteb,  F.R.S. 
Capt.  D.  Galton,  F.R.S.,  and 

Dr.  P.  L.  SCLATBB,  F.R.S. 
Capt.  D.  Galton,  F.R.S.,  and 

Prof.  F.  M.  Balfoub,  F.R.S. 
Capt.  Douglas  Galton,  F.R.S. 
Sir  Douglas  Galton,  F.R.S., 

and  A.  G.  Vkbnon  Habcoubt, 

Esq.,  F.R.S. 
A.  G.  Vbbnon  Habcoubt,  Esq., 

F.R.S.,    and     Prof.     E.     A. 

Schapbb,  F.R.S. 
Prof.  SCHAFEB,  F.R.S.,  and  Sir 

W.C.RoBEBTS- Austen,  F.R.S. 
Sir  W.    C.    Robbbts-Austkn, 

F.R  S.,  and  Dr.  D.  H.  Scott, 

F.R.S. 


ASSISTANT    GENERAL    SECRETARIES. 


1831  John  Phillips,  Esq.,  Secreta/ry, 

1832  Prof.    J.    D.    Fobbes,    Acting 

Secretary. 
1832-62  Prof.  John  Phillips,  F.R.S. 
1862-78  G.  Gbifpith,  Esq.,  M.A. 
1878-80  J.   E.  H.  GOBDON,  Esq.,  B.A., 

AitUetant  Secretary, 
1881        G.  Gbiffith,  Esq.,  M.A.,  Acting 

^eretary. 


1881-85  Prof.    T.  G.    Bonney,   F.R.S., 

Secretary, 
1885-90  A.   T.   Atchison,  Esq.,  M.A., 

Secretary. 
1890       G.  Gbiffith,  Esq.,  M.A.  Acting 

Secretary, 
1890       G,  Gbiffith,  Esq.,  M.A. 
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Preaidenta  and  Secretaries  of  the  Sections  of  the  Association. 


Date  and  Place 


Presidents 


Secretaries 


MATHEMATICAL  AND  PHYSICAL  SCIENCES. 

COMMITTEE   OF   SCIENCES,   I. — MATHEMATICS  AND   GENERAL  PHTSICS. 


1882.  Oxford 

1833.  Cambridge 

1834.  Edinburgh 


Davies  Gilbert,  D.C.L.,  F.R.S. 

Sir  D.  Brewster,  F.R.S 

Rev.  W.  Whewell,  F.R.S. 


Rev.  H.  CJoddington. 

Prof.  Forbes. 

Prof.  Forl^es,  Prof.  Lloyd. 


1885. 

1836. 

1837. 

1838, 

1839. 

1840. 

1841. 
1842. 

1843. 
1844. 
1845. 

1846. 

1847. 

1848. 
1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

1856. 

1856. 

1867. 


Dublin 

Bristol 

Liverpool... 

Newcastle 

Birmingham 

Glasgow  ... 

Plymouth 
Manchester 


SfiCTION  A. — MATHEMATICS  AND   PHYSICS. 

Rev.  Dr.  Robinson   I  Prof.  Sir  W.   R,   Hamilton,  Prof. 

I     Wheatstone. 
Rev. "William  Whewell,F.R.6.  Prof.  Forbes,  W.  8.  Harris,  F.  W. 

Jerrard. 
Sir  D.  Brewster,  F.R.S ;W.   S.  Harris,  Rev.  Prof.  Powell, 

Prof.  Stevelly. 
Sir^J.  F.  W.  Herschel,  Bart.,  Rev.  Prof .  Chevallier,  Major  Sabine, 


F.R.S. 
Rev.  Prof .  Whewell,  F.R.S.... 


Prof,  Forbes,  F.R.S. 


CJork 

York 

Cambridge 

Southamp- 
ton. 
Oxford 


Swansea  ... 
Birmingham 

Edinburgh 

Ipswich   ... 

Belfast 

Hull 

Liverpool... 

Glasgow  ... 

Cheltenham  I 

Dublin I 

I 


Rev.  Prof.  Lloyd,  F.R.S 

Very  Rev.  G.  Peacock,  D.D., 

Prof,  M«bulloch,  M.R.LA.  ... 
The  Earl  of  Rosse,  F.R.S.  ... 
The  Very  Rev.  the  Dean  of 

Ely, 
Sir   John   F.    W, 
I     Bart.,  F.R.S. 
Rev.     Prof.    Powell,    M.A 

F.R.S. 

Lord  Wrottesley,  F.R.S 

William  Hopkins,  F.R.S 


Prof.  Stevelly. 
J.  D,  Chance,  W.  Snow  Harris,  Prof. 

Stevelly. 
Rev.    Dr.    Forbes,    Prof.    Stevelly, 

Arch.  Smith. 
Prof.  Stevelly. 
Prof.  M*Culloch,Prof.  Stevelly,  Bev, 

W.  Scoresby. 
J.  Kott,  Prof.  Stevelly. 
Rev.  Wm.  Hey,  Prof.  SteveUy. 
Rev.  H.  Goodwin,  Prof.   Stevelly, 
I     G.  G.  Stokes. 
Herschel,: John    Drew,  Dr.    Stevelly,   G.  G. 
Stokes. 
Rev.  H.  Price,  Prof.  Stevelly,  G.  G, 

Stokes. 
Dr.  Stevelly,  G.  G.  Stokes. 
Prof.  Stevelly,   G.  G.  Stokes,  W. 
!     Ridout  Wills. 
Prof.  J.  D.  Forbes,   F.R.S., |W.J.MacquomRankine,Prof. Smyth, 

Sec  R.S.E.  I     Prof.  Stevelly,  Prof.  G.  G.  Stokes. 

Rev.    W.    Whewell,     D.D.,  S.Jackson, W.J. MaoquomRankine, 

F.R.S.  Prof.  Stevelly.  Prof.  G.  G.  Stokes. 

Prof.     W.    Thomson,     M.A.,  Prof.  Dixon,  W.  J.  Macquom  Ran- 

F.R.S.,  F.R.S.E.  kine.  Prof.  Stevelly,  J.  l^ndall. 

The  Very  Rev.  the  Dean  of  B.  Blaydes  Haworth,  J.  D.  Sollitt, 

Ely,  F.R.S.  1     Prof.  Stevelly,  J.  Welsh. 

Prof.  G.  G.  Stokes,  M.A.,  Sec.  J.  Hartnup,  H.    G.    Puckle,  Prof. 

R.S.  Stevelly,  J.  Tyndall,  J.  Welsh. 

Rev.    Prof.    Kelland,    M.A.,  Rev.  Dr.  Forbes,  Prof.  D.  Gray,  Prof. 

F.R.8.,F.R.S.E.  Tyndall. 

Rev.  R.  Walker,  M.A.,  F.R.S.  C.  Brooke,  Rev.  T.  A.  Southwood, 

I     Prof.  Stevelly,  Rev.  J.  C.  Turnbull. 

Rev.  T.  R.  Robinson,  D,D.,iProf.  Curtis,  Prof.  Hennessy,  P.  A. 

F.R.S.,  M,R.I.A.  I     Ninnis,  W.  J.  Macquorn  Rankine, 

Prof.  Stevelly, 
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Date  and  Place 


Presidents 


Secretaries 


1858.  Leeds 


1869. 
1860. 
1861. 
1862. 
1863, 
1864. 
1866, 

1866. 
1867. 
1868. 
1869. 
1870. 


Aberdeen... 

Oxford 

Manchester 

Cambridge 

Newcastle 

Bath 

Birmingham 


Rev.    W.     Whewell,     D.D., 
V.P.R.S. 

The  Earl  of  Rosse,  M.A.,  K.P., 

F.R.S. 
Rev.  B.  Price,  M.A.,  F.R.S.... 

G.    B.    Airy,    M.A.,    D.C.L., 

F.R.8. 
Prof.    G.    G.    Stokes,    M.A., 
I     F.R.S. 

I  Prof .  W.  J.  Maoquom  Rankine, 
i     C.E.,  F.R.8. 
iProf.  Cayley,    M.A.,  F.R.S., 

F.R.A.8. 
1 W.  Spottiswoode,M.  A.,F.R.S., 
1     F.R.A.S. 


Prof.     Wheatstone,     D.C.L., 
F.R.S. 
.  t  Prof.  Sir  W.  Thomson,  D.C.L., 

I     F.R.S. 
.  Prof.     J.     Tyndall,     LL.D., 

I     F.R.S. 


1871.  Edinburgh 


1872. 
1873. 
1874. 
1876. 
1876. 

1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 


Nottingham 

Dundee 

Norwich 

Exeter I  Prof.  J.  J.  Sylvester,  LL.D., 

I     F.R.S. 
Liverpool...  I  J.     Clerk     Maxwell,     M.A., 
LL.D.,  F.R.S. 

Prof.  P.  G.  Tait,  F.R.S.E.   ... 

W.  De  La  Rue,  D.C.L.,  F.R.S. 
Prof.  H.  J.  S.  Smith,  F.R.8. 

Rev.  Prof.  J.  H.  Jellett,  M.A., 

M.R.IA. 
Prof.  Balfour  Stewart,  M.A., 

LL.D.,  F,R.S. 
Prof.  Sir  W.  Thomson,  M.A., 

D.C.L.,  F.R.S. 

:  Prof.  G.  C.  Foster,  B.A.,  F.R.S., 

I     Pres.  Physical  Soc. 

iRev.    Prof.     Sahnon,    D.D., 

;     D.C.L.,  F.R.S. 

I  George     Johnstone     Stoney, 

M.A.,  F.R.8. 
Prof.  W.  Grylls  Adams,  M.A., 

F.R.8. 
Prof.  Sir  W.  Thomson,  M.A., 

LL.D.,  D.C.L.,  F.R.S. 
Rt.  Hon.  Prof.  Lord  Rayleigh, 

M.A.,  F.R.S. 
Prof.  0.  Henrici,  Ph.D.,  F.R.S. 

Prof.  Sir  W.  Thomson,  M.A., 
LL.D.,  D.C.L.,  F.R.S. 


Brighton.., 
Bradford.. 

Belfast 

Bristol 

Glasgow  .. 

Plymouth.., 
DabUn..  .. 
Sheffield  .. 
Swansea  .. 
York 


Southamp- 
ton. 
Soothport 

Montreal .. 


Rev.  S.  Eamshaw,  J.  P.  Hennessv, 

Prof.  Stevelly,  H.J. S.Smith,  Prof. 

TyndalL 
J.  P.  Hennessy,  Prof.  Maxwell,  H, 

J.  8.  Smith,  Prof.  Stevelly. 
Rev.  G.  C.  Bell,  Rev.  T.  Rennison, 

Prof.  Stevelly. 
Prof.  R.  B.  Clifton,  Prof.  H.  J.  S. 

Smith,  Prof.  Stevelly. 
Prof.  R.  B.  Clifton,  Prof.  H.  J.  S. 

Smith,  Prof.  Stevelly. 
Rev.N.Ferrer8,Prof.Fuller,F.Jenkin, 

Prof.  Stevelly,  Rev.  C.  T.  Whitley. 
Prof.   Fuller,   F.    Jenkin,   Rev.   G. 

Buckle,  Prof.  Stevelly. 
Rev.  T.  N.  Hutchinson,  F.  Jenkin,  G. 

8.  Mathews,  Prof.  H.  J.  8.  Smith, 

J.  M.  Wilson. 
Fleeming  Jenkin,Prof.H.  J.  8.  Smith, 

Rev.  S.  N.  Swann. 
Rev.  G.  Buckle,  Prof.  G.  C.  Foster, 

Prof.  Fuller,  Prof.  Swan. 
Prof.  G.  C.  Foster,  Rev.  R.  Harley, 

R.  B.  Hayward. 
Prof.  G.  C.  Foster,  R.  B.  Hayward, 

W.  K.  Clitford. 
Prof.  W.  G.  Adams,  W.  K.  Clifford, 

Prof.  G.  C.  Foster,  Rev.  W.  Allen 

Whitworth. 
Prof.  W.  G.  Adams,  J.  T.  Bottomley, 

Prof,  W.  K.  Clifford,  Prof.  J.  D. 

Everett,  Rev.  R.  Harley. 
Prof.  W.  K.  Clifford,  J.  W.  L.  Glaisher, 

Prof.  A.  S.  Herschel,  G.  F.  Rodwell. 
'  Prof.  W.  K.  Clifford,  Prof.  Forbes,  J. 

W.L.  Glaisher,  Prof.  A.  S.  Herschel. 
J.W.L.Glaisher,Prof.Herschel,  Ran- 
dal Nixon,  J.  Perry,  G.  F.  Rodwell, 
Prof.  W.  F.  Barrett,  J.  W.L.  Glaisher, 

C.  T.  Hudson,  G.  F.  Rodwell. 
Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 

Prof.  G.  Forbes,  J.  W.L.  Glaisher, 

T.  Muir. 
Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 

J.  W.  L.  Glaisher,  F.  G.  Landon. 
Prof.  J,  Casey,  G.  F.  Fitzgerald,  J. 

W.  L.  Glaisher,  Dr.  0.  J.  Lodge. 
A.  H.  Allen,  J.  W.  L.  Glaisher,  Dr. 
'     O.  J.  Lodge,  D.  MacAlister. 
'W.  E.  Ayrton,  J.  W.   L.  Glaisher, 

Dr.  O.  J.  Lodge,  D.  MacAlister. 
Prof.  W.  E.  Ayrton,  Dr.  O.  J.  Lodge, 

D.  MacAlister.  Rev.  W.  Routh. 
W.  M.  Hicks,  Dr.  O.  J.  Lodge,  D. 

MacAlister,  Rev.  G.  Richardson. 

W.  M.  Hicks,  Prot  O.  J.  Lodge, 
D.  MacAlister,  Prof.  R.  C.  Rowe. 

C.  Carpmael,  W.  M.  Hicks,  A.  John- 
son, 0.  J.  Lodge,  D.  MacAlister. 
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Date  and  Place 


1886. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 

1897. 
1898. 
1899. 
1900. 


Aberdeen. . . 
Birmingham 
Manchester 
Bath 


Newcastle- 
upon-Tyne 
Leeds  


Presidents 


Cardiff 

Edinburgh 
Nottingham 
Oxford 


Prof.     G.     Chrystal,     M.A., 

F.R.S.E. 
Prof.    G.   H.   Darwin,  M.A., 

LL.D.,  F.R.S. 
Prof.   Sir  R.   8.   Ball,   M.A., 

LL.D.,  F.R.S. 
Prof.  G.  F.  Fitzgerald,  M.A., 

F.R.S. 
Capt.  W.  de  W.  Abney,  C.B., 

R.E.,  F.R.S. 
J.    W.    L.    Glaisher,     Sc.D., 

F.R.S.,  V.P.R.A.S. 
Prof.    0.    J.    Lodge,    D.Sc, 

LL.D.,  F.R.S. 
Prof.     A.     Schuster,    Ph.D., 

F.R.S.,  F.R.A.S. 
R.  T.  Glazebrook,  M.A.,  F.R.S. 

Prof.  A.W.Racker,  M.A.,F.R.S. 


Secretaries 


Ipswich    ....Prof.    W.    M.    Hicks,    M.A., 

;     F.R.S. 
Liverpool..., Prof.  J.  J.  Tliomson,  M.A., 
D.Sc.,  F.R.S. 

t 
Toronto   ...  Prof.  A.   R.   Forsyth,   M.A., 
F.R.S. 
Prof.  W.  E.  Ayrton,  F.R.S. ... 


Bristol 

Dover  

Bradford.. 


Prof.  J.  H.  Poynting,  FJl.S. 
Dr.  J.  Larmor,  F.R.8 


190L  Glasgow  ...!MajorP.A.MacMahon,F.R.S 


R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

W.  M.  Hicks,  Prof.  W.  Ingram. 
R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

J.  H.  Poynting,  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

H.  Lamb,  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glazebrook,  A. 

Lodge,  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glazebrook,   A. 

Lodge,  W.  N.  Shaw,  H.  Stroud. 
R.  T.  Glazebrook,   Prof.  A.  Lodge, 

W.  N.  Shaw,  Prof.  W.  Stroud. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Prof.  A.  L.  Selby. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Dr.  W.  Peddie. 
W.  T.  A.  Emtage,  J.  Larmor,  Prof. 

A.  Lodge,  Dr.  W.  Peddie. 
Prof.  W.  H.  Heaton,  Prof.  A.  Lodge, 

J.  Walker. 
Prof.  W.  H.  Heaton,  Prof.  A.  Lodge, 

G.  T.  Walker,  W.  Watson. 
Prof.  W.  H.  Heaton,  J.  L.  Howard, 

Prof.  A.  Lodge,  G.  T.  Walker,  W. 

Watson. 
Prof.  W.  H.  Heaton,  J.  C.  Glashan,  J. 

L.  Howard,  Prof.  J.  C.  McLennan. 
A.  P.  Chattock,  J.  L.  Howard,  C.  H. 

Lees,  W.  Watson,  E.  T.  Whittaker. 
J.  L.  Howard,  C.  H.  Lees,  W.  Wat- 

son,  E.  T.  Whittaker. 
P.  H.  Cowell,  A.  Fowler,  C.  H.  Lees, 

C.  J.  L.  Wagstaffe,  W.  Watson, 

E.  T.  Whittaker. 
H.  S.  Carslaw,  C  H.  Lees,  W.  Stewart, 

Prof.  L.  R.  Wilberforce. 


CHEMICAL  SCIENCE. 

COMMITTEE   OP  SCIENCES,   II. — CHEMISTRY,   MINERALOGY. 


1832.  Oxford 

1833.  Cambridge 

1834.  Edinburgh 


John  Dalton,  D.C.L.,  F.R.S. 
John  Dalton,  D.C.L.,  F.R.S. 
Dr.  Hope 


James  F.  W.  Johnston. 

Prof.  Miller. 

Mr.  Johnston,  Dr.  Christison. 


SECTION   B. — CHEMISTRY  AND  MINERALOGY. 


1835.  Dublin. 

1836.  Bristol. 


1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge 


Dr.  T.  Thomson,  F.R.S. 
Rev.  Prof.  Gumming   .. 


Michael  Faraday,  F.R.S 

Rev.  William  Whewell,F.R.S. 

Prof.  T.  Graham,  F.R.S 

Dr.  Thomas  Thomson,  F.R.S. 

Dr.  Daubeny,  F.R.S 

John  Dalton,  D.C.L.,  F.R.S. 

Prof.  Apjohn,  M.R.I. A 

Prof.  T.  Graham,  F.R.S 

Rov.  Prof.  Gumming    


Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  C.  Henry,  W.  Hera- 
path. 

Prof.  Johnston,  Prof.  Miller,  Dr. 
Reynolds. 

Prof.  Miller,  H.  L.  Pattinson.  Thomas 
Richardson. 

Dr.  Golding  Bird,  Dr.  J.  B.  Melson, 

Dr.  R.  D.  Thomson,  Dr.  T.  Clark, 

,     Dr.  L.  Playfair. 

!  J.  Prideaux,  R.  Hunt,W.  M. Tweedy. 

'  Dr.  L.  Playfair,  R.  Hunt,  J.  Graham. 

R.  Hunt,  Dr.  Sweeny. 

Dr.  L.  Playfair,  E.  Solly,  T.  H.  Barker. 

R.  Hunt,  J.  P.  Joule,  Prof.  Miller, 

i     E.  Solly. 
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Date  and  Place 


Ptesidents 


,h 


1846.  Southamp-   Michael    FaracUty,    D.C.L., 
ton.  '     F.R.S. 

J847.  Oxford iRev.  W.  V.  Harcourt,  M.A., 

F.R.8. 

1848.  Swansea  ...  Richard  Phillips,  F.R.S T.  H.  Henry,  R.  Hunt,  T.  Williams. 

1849.  Birmingham' John  Percy,  M.D.,  F.R.S R.  Hunt,  G.  Shaw. 


Secretaries 


Dr.  Miller,  R.  Hunt,  W.  Randall. 
B.  C.  Brodie,  R.  Hunt,  Prof.  Solly. 


1850.  Edinburgh 


1851.  Ipswich   ... 

1852.  Belfast. 


1853.  Hull . 


Dr.  Christison,  V.P.R.S.E.  ... 


Prof.  Thomas  Graham,  F.R.S. 
Thomas  Andrews,M.D.,F.R.S. 


,  Prof.  J.  F.  W.  Johnston,  M.A., 
I      F  R  S 

1854.  Liverpool     |  Prof.W.*A.MiUer,  M.D.,F.R.S. 

1855.  Glasgow  ...JDr.  LyonPlayfair,C.B.,F.R.S. 

1856.  Cheltenham! Prof.  B.  C.  Brodie,  F.R.S.  ... 

1867.  Dublin Prof.  Apjohn,  M.D.,  F.R.S., 

I  M.R.LA. 

1858.  Leeds  'Sir  J.  F.  W.  Herschel,  Bart., 

I  D.C.L. 

1859.  Aberdeen... •Dr.LyonPlayfair,C.B.,F.R.S. 

1860.  Oxford iProf.  B.  C.  Brodie,  F.R.S 

1861 .  Manchester '  Prof.  W.A.Miller,  M.D.,F.R.S. 
^  "        Prof.W.H.MiUer,M.A.,F.R.S. 


Dr.    Alex.    W.  Williamson, 

F  R  S 
W.  bdling,  M.B.,  F.R.S 

Prof.  W.  A.    Miller,    M.D., 

V.P.R.S. 
H.  Bence  Jones,  M.D.,  F.R.S. 


Dr.  H.  Debus,  F.R.S 


Dr.  Anderson,  R.  Hunt,  Dr.  Wilson. 

T.  J.  Pearsall,  W.  S.  Ward. 

Dr.  Gladstone,  Prof.  Hodges,  Prof. 

Ronalds. 
H.  S.  Blundell,  Prof.  R.  Hunt,  T.  J. 

Pearsall. 
Dr.  Edwards,  Dr.  Gladstone,    Dr. 

Price. 
Prof.  Frankland,  Dr.  H.  E.  Roscoe. 
J.  Horsley,  P.  J.    Worsley,    Prof. 

Voelcker. 
Dr.  Davy,  Dr.  Gladstone,  Prof.  Sul- 

livan. 
Dr.  Gladstone,  W.  Odling,  R.  Rey- 
nolds. 
J.  S.  Brazier,  Dr.  Gladstone,  G.  D. 

Liveing,  Dr.  Odling. 
A.  Vernon  Harcourt,  G.  D.  Liveing, 

A.  B.  Northcote. 
A.  Vernon  Harcourt, G.  D.  Liveing. 
H.  W.  Elphinstone,  W.  Odling,  Prof. 

Roscoe. 
Prof.  Liveing,  H.  L.  Pattinson,  J.  C. 

Stevenson. 
A.  V.  Harcourt,  Prof.  Liveing,  R. 

Bi^gs. 
A.  V.  Harcourt,  H.  Adkins,  Prof. 

Wanklyn,  A.  Winkler  Wills. 
J.  H.  Atherton,  Prof.  Liveing,  W.  J. 

Russell,  J.  White. 
Prof.     T.    Anderson,    M.D.,  A.  Crum  Brown,  Prof.  G.  D.  Liveing, 

F.R.8.E.  I     W.  J.  Russell. 

Prof.   E.    Frankland,  F.R.S.  Dr.  A.  Cnmi  Brown,  Dr.  W.  J.  Rus- 
sell, F.  Sutton. 
Prof.  A.  Crum   Brown,  Dr.  W.  J. 

Russell,  Dr.  Atkinson. 
Prof.  A.  Crum  Brown,  A,  E.  Fletcher, 

Dr.  W.  J.  Russell. 
J.  Y.  Buchanan,  W.  N.  Hartley,  T. 

E.  Thorpe. 
Dr.  Mills,  W.  Chandler  Roberts,  Dr. 

W.  J.  Russell,  Dr.  T.  Wood. 
Dr.  Armstrong,  Dr.  Mills,  W.  Chand- 
ler Roberts,  Dr.  Thorpe. 
1874.  Belfast Prof.  A.  Crum  Brown,  M.D.,  Dr.  T.  Cranstoun  Charles,  W.  Chand- 


1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee    ... 

1868.  Norwich  ... 

1869.  Exeter 

1870.  Liverpool... 


Prof.    H.    E.    Roscoe,    B.A., 
I     F.R.S. 

1871.  Edinburgh    Prof.  T.  Andrews,  M.D.,F.R.S. 

1872.  Brighton...  Dr.  J.  H.  Gladstone, F.R.S.... 

I 

1873.  Bradford...  Prof.  W.  J.  Russell,  F.R.S.... 


F.R.S.E. 

1875.  Bristol A.  G.  Vernon  Harcourt,  M.A., 

I     F.R.S. 

1876.  Glasgow  ...  W.  H.  Perkin,  F.R.S 

1877.  Plymouth...  F.  A.  Abel,  F.R.S 


1878,  Dublin '  Prof.  Maxwell  Simpson,  M.D., 

I     F.R.S, 


ler  Roberts,  Prof.  Thorpe. 

Dr.  H.  E.  Armstrong,  W.  Chandler 
Roberts,  W.  A.  Tilden. 

W.  Dittmar,  W.  Chandler  Roberts, 
J.  M.  Thomson,  W.  A.  Tilden. 

Dr.  Oxland,  W.  Chandler  Roberts, 
J.  M.  Thomson. 

W.  Chandler  Roberts,  J.  M.  Thom- 
son, Dr.  C.  R.  Tichborne,  T.  Wills. 
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1879.  Sheffield  ...  Prof.  Dewar,  M.A.,  F.R.S. 

1880.  Swansea  ...  Joseph  Henry  Gilbert,  Ph.D.,; 

F.R.S. 

1881.  York Prof. A. W.Williamson, F.R.S. 

1882.  Southamp-     Prof.  G.   D.   Liveing,    M.A., 

ton.  I     F.R.S. 

1883.  Southport      Dr.  J.  H.  Gladstone,  F.R.S... 

i 

1884.  Montreal ...  i  Prof.  Sir  H.  E.  Roscoe,  Ph.D., 

I     LL.D.,  F.R.S. 

1885.  Aberdeen...  Prof.  H.  E.Armstrong,  Ph.D., 

F.R.S.,  Sec.  C.S. 

1886.  Birmingham  I W.  Crookes,  F.R.S.,  V.P.C.S. 

1887.  Manchester    Dr.  E.  Schunck,  F.R.S 

1888.  Bath 'prof.   W.   A.    Tilden,    D.Sc, 

,     F.R.S.,  V.P.C.S. 

1889.  Newcastle-    Sir  I.  Lowthian  Bell,   Bart., 

upon-Tyne'     D.C.L.,  F.R.S. 

1890.  Leeds   'Prof.    T.   E.    Thorpe,    B.Sc, 

I     Ph.D.,  F.R.S.,  Treas.  C.S. 

1891.  Cardiff I  Prof.  W.  C.  Roberts- Austen, 

I     C.B.,  F.R.S. 

1892.  Edinburgh   IProf.  H.  McLeod,  F.R.S 

1893.  Nottingham  Prof.  J.   Emerson  Reynolds, 

]     M.D.,  D.Sc,  F.R.S. 

1894.  Oxford ; Prof.  H.  B.Dixon, M.A., F.R.S. 


Secretaries 


1895.  Ipswich  .. 

1896.  Liverpool.. 
1897  Toronto  .. 


1898.  Bristol. 

1899.  Dover  . 


1900.  Bradford... 

1901.  Glasgow  ... 


SECTION  B  (continued), 
.'Prof.  R.  Meldola,  F.R.S 

.  I  Dr.  Ludwig  Mond,  F.R.S. 
.'Prof.  W.  Ramsay,  F.R.S 

.  'Prof.  F.  R.  Japp,  F.R.S 

Horace  T.  Brown,  F.R.S 

Prof.  W.  H.  Perkin,  F.RS. ... 

Prof.    Percy  F.    Frankland, 
F.R.S. 


H.   S.  Bell,  W.  Chandler  Roberts, 

J.  M.  Thomson. 
P.  P.  Bedson,  H.  B.  Dixon,  W.  R.  E. 

Hodgkinson,  J.  M.  Thomson. 
P.  P.  Bedson,  H.  B.  Dixon,  T.Gough. 
P.   Phillips  Bedson,  H.   B.   Dixon, 

J.  L.  Notter. 
Prof.    P.    Phillips    Bedson,    H.   B. 

Dixon,  H.  Forster  Morley. 
Prof.  P.  Phillips  Bedson,  H.  B.  Dixon, 

T.  McFarlane,  Prof.  W.  H.  Pike. 
Prof.  P.Phillips  Bedson,  H.  B.  Dixon, 

H.ForsterMorley.Dr.  W.J.Simpson. 
P.  P.  Bedson,  H.  B.  Dixon,  H.  F.  Mor- 

ley,W.W.  J.Nlcol,  0.  J.Woodward. 
Prof.  P.  Phillips  Bedson,  H.  Forster 

Morley,  W.  Thomson. 
Prof.  H.B.  Dixon,  H.  Forster  Morley, 

R.  B.  Moyle,  W.  W.  J.  Nicol. 
H.  Forster  Morley,  D.  H.  Nagel,  W. 

W.  J.  Nicol,  H.  L.  Pattinson,  jun. 
C.  H.  Bothamley,  H.  Forster  Morley, 

D.  H.  Nagel,  W.  W.  J.  Nicol. 
C.  H.  Bothamley,  H.  Forster  Morley, 

W.  W.  J.  Nicol,  G.  S.  Turpin. 
J.  Gibson,  H.  Forster  Morley,  D.  H. 

Nagel,  W.  W.  J.  Nicol. 
J.  B.  Coleman,  M.  J.  R.  Dunstan, 

D.  H.  Nagel,  W.  W.  J.  Nicol. 
A.   Colefax,  W.  W.  Fisher,  Arthur 
I     Harden,  H.  Forster  Morley. 

— CHEMISTRY. 

.  I E.  H.  Fison,  Arthur  Harden,  C.  A. 
Kohn.  J.  W.  Rodger. 
Arthur  Harden,  C.  A.  Kohn. 
.  Prof.  W.  H.  Ellis,  A.  Harden,  C.  A. 
,     Kohn,  Prof.  R.  F.  Ruttan. 
. '  C.A.Kohn,F.  W.  Stoddart.  T.  K.  Rcse. 
,  A.  D.  Hall,  C.  A.  Kohn,  T.  K.  Rose, 
■     Prof.  W.  P.  Wynne. 
|W.  M.  Gardner,  F.  S.  Kipping,  W. 
j     J.  Pope,  T.  K.  Rose. 
,  W.  C.  Anderson,  G.  G.  Henderson, 
W.  J.  Pope,  T.  K.  Rose. 


GEOLOGICAL  (and,  until  1851,  GEOGRAPHICAL)  SCIENCE. 

COMMITTEE   OP   SCIENCES,   IH. — GEOLOGY  AND   GEOGRAPHY. 

1832.  Oxford 'R.  L  Murchison,  F.R-S ;  John  Taylor. 

1833.  Cambridge. jG.  B.  Greenough,  F.R.S |  W.  Lonsdale,  John  Phillips. 

1834.  Edinburgh.  I  Prof.  Jameson   j  J.  Phillips,  T.  J.  Tome,  Rev.  J.  Yates. 

SECTION   C. — GEOLOGY  AND  GEOGEAPHY. 

1835.  Dublin R.  J.  Griffith Captain  Portlook,  T.  J.  Torrie. 

1836.  Bristol Rev.  Dr.  Buckland,  F.R.S.—  !  William    Sanders,    S.    Stutchbury, 

^«j^.,R.I.Murchison,F.R.S.      T.  J.  Torrie. 

1837.  Liverpool...  I  Rev.  Prof.  Sedgwick,  F.R.8.—  Captain  Portlook,  R.  Hunter.— (7flo- 

I    ^«iy.,G.B.Greenough,F.R.S.      ^fl^Ay,  Capt.  H.  M.Denham,R.N. 
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Presidents 


Secretariei 


1638.  Newcastle.. 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge. 

1846.  Southamp- 

ton. 

1847.  Oxford 

1848.  Swansea  ... 
1848.Birminghuii 

1850.  Edinburgh! 

1851.  Ipswich   ... 

1852.  Belfast 

1859.  Hull 

1854.  Liverpool . . 

1855.  Glasgow  ... 

1856.  Cheltenham 

1857.  IhibUn 

1858.  Leeds   

1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 
1868.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee    ... 

1868.  Norwich  ... 


C.  Lyell,  F.R.S.,  V.P.G.8.— 

Geography^  Lord  Prudhoe. 

Rev.  Dr.  Buokland,  F.R.S.— 

^fly.,G.B.Greenough,F.R.8. 

Charles  Lyell,  F.R.8.— (7<w^., 

G.  B.  Greenough,  F.R.S. 
H.  T.  De  la  Beche,  F.R.S.  ... 

R.  I.  Murchison,  F.R.S 

Richard  E.  Griffith,  F.R.8. ... 
Henry  Warburton,  Pres.  G.  8. 
Rev.  Prof.   Sedgwick,   M.A. 

F.R.S. 
Leonard  Homer,  F.R.S.  .... 

Very  Rev.Dr.Buckland,F.R.S. 

Sir  H.  T.  De  la  Beche,  F.R.S. 
Sir  Charles  Lyell,  F.R.S 

Sir  Roderick    I.   Murchison, 
F.R.8. 

SECTION  C  (contintied), — obologt. 
William  Hopkins,M.A.,F.R.8 


W.  C.  Trevelyan,  Capt.  Portlock.- 

Oeoffraphy,  Capt.  Washington. 
George  Lloyd,  M.D.,  H.  E.  Strick- 
[     land,  Charles  Darwin. 
I W.  J.  Hamilton,D.  Milne,  H.  Murray, 

H.  E.  Strickland,  J.  Secular. 
!  W.  J.  Hamilton,Edward  Moore,  M.D., 
I     R.  Hutton. 
iE.  W.  Binney,  R.  Hutton,  Dr.  R. 

Lloyd,  H.  E.  Strickland. 
F.  M.  Jennings,  H.  E.  Strickland. 
Prof.  Ansted,  B.  H.  Bunbury. 
Rev.  J.  C.  Gumming,  A.  C.  Ramsay, 

Rev.  W.  Thorp. 
I  Robert  A.  Austen,  Dr.  J.  H.  Norton, 
I     Prof.  Oldham,  Dr.  0.  T.  Beke. 
Prof.  Ansted,  Prof.   Oldham,  A.  C. 

Ramsay,  J.  Rusk  in. 
S.Ben8on,Prof.01dham,Prof.Ram8ay 
J.  B.  Jukes,  Prof.  Oldham,  A.   C. 

Ramsay. 
A.  Keith  Johnston,   Hugh  Miller, 
Prof.  Nicol. 


Lieut. -Col.    Portlock,    R.E., 
F.R.8. 

Prof.  Sedgwick,  F.R.S 

Prof.  Edward  Forbes,  F,R.S. 

Sir  R.  I.  Murchison,  F.R.S.... 
Prof.  A.  C.  Ramsay,  F.R.S.... 


The  Lord  Talbot  de  Malahide 

WilliamHopkinSjM.A.,  F.R.S. 
Sir    Charles    Lyell,    LL.D., 

D.C.L.,  F.R.S. 
Rev.  Prof.  Sedgwick,  F.R.S... 

Sir  R.  I.  Murchison,  D.C.L., 

LL.D.,  F.R.S. 
J.  Beete  Jukes,  M.A.,  F.R.S. 

Prof.  Warington  W.  Smyth, 

F.R.S.,  F.G.S, 
Prof.    J.      Phillips,     LL.D., 

F.R.S.,  F.G.S. 
Sir  R.   I.   Murchison,  Bart., 

K.C.B. 
Prof.  A.  C.  Ramsay,  LL.D., 

F.R.8. 

Archibald  Geikie,  F.R.S 

B.     A.    C.     Godwin-Austen, 

F.R.S.,  F.G.S. 


C.  J.  F.  Bunbury,  G.  W.  Ormerod, 

Searles  Wood. 
James    Bryce,    James    MacAdam, 

Prof.  M'Coy,  Prof.  Nicol. 
Prof.  Harkness,  William  Lawton. 
John  Cunningham,  Prof.  Harkness, 

G.  W.  Ormerod,  J.  W.  Woodall. 
J.  Bryce,  Prof.  Harkness,  Prof.  Nicol. 
Rev.  P.  B.  Brodie,   Rev.   R.   Hep- 
worth,  Edward  Hull,  J.  Scougall, 

T.  Wright. 
Prof.  Harkness,  G.  Sanders,  R.  H. 

Scott. 
Prof.  Nicol,  H.  C.  Sorby,  E.  W.Shaw. 
Prof.  Harkness,  Rev.  J.  Longmuir 

H.  C.  Sorby. 
Prof.    Harkness,    E.  Hull,    J.    W. 

Woodall. 
Prof.  Harkness,    Edward    Hull,  T. 

Rupert  Jones,  G.  W.  Ormerod. 
Lucas    Barrett,    Prof.    T.    Rupert 

Jones,  H.  C.  Sorby. 
E.  F.   Boyd,  John   D^lish,  H.  C. 

Sorby,  Thomas  Sopwith. 
W.  B.  Dawkins,  J.  Johnston,  H.  C. 

Sorby,  W.  Pengelly. 
Rev.  P.  B.  Brodie,  J.  Jones,  Rev.  E. 

Myers,  H.  C.  Sorby,  W.  Pengelly. 
R.  Etheridge,  W.  Pengelly,  T.  Wil- 
son, G.  H.  Wright. 
E.  Hull,  W.  Pengelly,  H.  Woodward. 
Rev.  0.  Fisher,  Rev.  J.  Gunn,  W. 

Pengelly,  Rev.  H.  H.  Winwood. 


'  Geography  was  constituted  a  separate  Section,  see  page  Ixv. 
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Date  and  Place 


1869. 

1870. 

1871. 

1872. 

1873. 
1874. 

1876. 
1876. 
1877. 


Exeter  ... 

Liverpool... 

Edinburgh 

Brighton .. 

Bradford .. 
Belfast 


Bristol.... 
Glasgow  . 
Plymouth... 


1878.  Dublin. 


1879. 
1880. 
1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 
1897. 

1898. 

1899. 

1900. 


Sheffield  ... 
Swansea  ... 
York 

Southamp- 
ton. 
Southport 

Montreal ... 

Aberdeen.. 

Birmingham 

Manchester 

Bath 

Newcastle- 
upon-Tyne 
Leeds  

Cardiff 

Edinburgh 

Nottingham 

Oxford 

Ipewich    ... 

Liverpool... 
Toronto    ... 

Bristol 

Dover  

Bradford ... 


1901.  Glasgow  ... 


Ptesidents 


Prof.    R.    Harkness,  F.R.S., 

F.G.S. 
Sir  Philip  de  M.Grey  Egerton 

Bart.,  M.P.,  F.R.S. 
Prof.  A.  Geikie,  F.B.S.,  F.G.S. 

R.    A.    C.    Godwin- Austen, 
F.R.S.,  F.G.S. 

Prof.  J.  Phillips,  F.R.S 

Prof.    Hull,    M.A.,    F.R.S., 

Dr.  T.  Wright,  F.R.S.E.,  F.G.S. 

Prof.  John  Young,  M.D 

W.  Pengelly,  F.R.S.,  F.G.S. 

John  Evans,  D.C.L.,  F.R.S., 

F.S.A.,  F.G.S. 
Prof.  P.  M.  Duncan,  F.R.S. 
H.  C.  Sorby,  F.R.S..  F.G.S.... 
A.  C.  Ramsay,  LL.D.,  F.R.S., 

F.G.S. 
R.  Etheridge,  F.R.S.,  F.G.S. 

Prof.    W.     C.     Williamson, 

LL.D..  F.R.S. 
W.  T.  Blanford,  F.R.S.,  Sec. 

G.S. 
Prof.  J.  W.  Judd,  F.R.S.,  Sec. 

G.S. 
Prof.  T.    G.   Bonney,   D.Sc, 

LL.D.,  F.R.S.,  F.G.S. 
Henry     Woodward,     LL.D., 

F.R.S.,  F.G.S. 
Prof.  W.  Boyd  Dawkins,  M.A., 

F.R.S.,  F.G.S. 
Prof.  J.  Geikie,  LL.D.,  D.C.L., 

F.R.S.,  F.G.S. 
Prof.    A.    H.    Green,    M.A., 

F.R.S.,  F.G.S. 
Prof.  T.  Rupert  Jones,  F.R.S., 

F.G.S. 
Prof.    C.    Lapworth,    LL.D., 

F.R.S.,  F.G.S. 
J.  J.  H.  TeaU,  M.A.,  F.B.S., 

F.G.S. 
L.  Fletcher,  M.A.,  F.R.S.    ... 

W.  Whitaker,  B.A.,  F.B.S.  ... 

J.  E.  Marr,  M.A.,  F.R.S 

Dr.  G.  M.   Dawson,  C.M.G., 

F  R  S 
W.  H.  Hudleston,  F.R.S 

Sir  Arch.  Geikie,  F.R.S 

Prof.  W.  J.  Sollas.  F.R.S.    ... 


John  Horn^,  F.R.S. 


Secretaries 


W.  Pengelly,  W.  Boyd  Dawkins, 
Rev.  H.  H.  Winwood. 

W.  Pengelly,  Rev.  H.  H.  Winwood, 
W.  Boyd  Dawkins,  G.  H.  Morton. 

R.  Etheridge,  J.  Geikie,  T.  McKenny 
Hughes,  L.  C.  Miall. 

L.  C.  Miall,  George  Scott,  William 
Topley,  Henry  Woodward. 

L.C.Miall,R.H.Tiddeman,W.Topley. 

F.  Drew,  L.  C.  Miall,  R.  G.  Symes, 
R.  H.  Tiddeman. 

L.  C.  Miall,  E.  B.  Tawney,  W.  Topley. 

J.Armstrong,F.W.Rudler,W.Topley, 

Dr.  Le  Neve  Foster,  R.  H.  Tidde- 
man, W.  Topley. 

E.  T.  Hardman,  Prof.  J.  O'Reilly, 
R.  H.  Tiddeman. 

W.  Topley,  G.  Blake  Walker. 

W.  Topley,  W.  Whitaker. 

J.  E.  Clark,  W.  Keeping,  W.  Topley, 
W.  Whitaker. 

T.  W.  Shore,  W.  Topley,  E.  West- 
lake,  W.  Whitaker. 

R.  Betley,  C.  E.  De  Ranee,  W.  Top- 
ley,  W.  Whitaker. 

F.  Adams,  Prof.  E.  W.  Claypole,  W. 
Topley,  W.  Whitaker. 

C.  E.  De  Ranee,  J.  Home,  J.  J.  H. 

Teall.  W.  Topley. 
W.  J.  Harrison,  J.  J.  H.  TeaU,  W. 

Topley,  W.  W.  Watts. 
J.  E.  Marr,  J.  J.  H.  Teall,  W.  Top- 
ley,  W.  W.  Watts. 
Prof.  G.  A.  Lebour,  W.  Topley,  W. 

W.  Watts,  H.  B.  Woodward. 
Prof.  G.  A.  Lebour,  J.  E.  Marr,  W. 

W.  Watts,  H.  B.  Woodwaid. 
J.  E.  Bedford,  Dr.  F.  H.  Hatch,  J. 

E.  Marr,  W.  W.  Watts. 
W.  Galloway,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
H.  M.  Cadell,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
J.  W.   Carr,  J.  E.  Marr,  Gement 

Reid,  W.  W.  Watts. 
F.  A.  Bather,  A   Harker,  Clement 

Reid,  W.  W.  Watts. 

F.  A.  Bather,  G.  W.  Lamplugh,  H. 
A.  Miers,  Clement  Reid. 

J.  Lomas,  Prof.  H.  A.  Miers,  G.  Reid. 
Prof.  A.  P.  Coleman,  G.  W.  Lamp- 
lugh, Prof.  H.  A.  Miers. 

G.  W.  Lamplugh,  Prof.  H.  A.  Miers, 
H.  Pentecost. 

J.  W.  Gregory,  G.  W.  Lamplugh, 
Capt  McDakin,  Prof.  H.  A.  Miers. 

H.  L.  Bowman,  Rev.  W.  Lower 
Carter,  G.  W.  Lamplugh,  H.  W. 
Monckton. 

H.  L.  Powman,  ^,  W,  Monckton, 
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Date  and  Place 


PresidenUi 


Secretaries 


BIOLOGICAL  SCIENCES. 

COMMITTEE  OF  SCIENCES,   lY. — ZOOLOGY,  BOTANY,   PHYSIOLOGY,  ANATOMY. 

1832.  Oxford iRev.  P.  B.  Duncan,  F.G.S.  ...I Rev.  Prof.  J.  S.  Henslow. 

1833.  Cambridge*  Rev.  W.L.  P.  Gamons,  F.L.S.  C.  C.  Babington,  D.  Don. 

1834.  Edinburgh.  I  Prof.  Graham W.  Yarrell,  Prof.  Burnett. 


1835.  Dublin. 

1836.  Bristol. 


1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 


Sir  W.  Jardine,  Bart 


Prof.  Owen,  F.R.S 

Sir  W.  J.  Hooker,  LL.D. 


1843.  Cork. 

1844.  York. 


1845.  Cambridge 

1846.  Southamp- 

ton. 

1847.  Oxford 


SECTION  D. — ZOOLOGY  AND  BOTANY. 

Dr.  Allman J.  Curtis,  Dr.  Litton. 

Rev.  I^f.  Henslow ;J.  Curtis,  Prof.  Don,  Dr.  Riley,  S. 

Rootsey. 

W.  8.  MacLeay C.  C.  Babington,  Rev.  L.  Jenyns,  W. 

Swainson. 
J.  E.  Gray,  Prof.  Jones,  R.  Owen, 

Dr.  Richardson. 
E.  Forbes,  W.  Ick,  R.  Patterson. 
Prof.  W.  Couper,  E.  Forbes,  R.  Pat- 
terson. 
J.  Couch,Dr.  Lankester,  R.  Patterson. 
Hon.  and  Very  Rev.  W.  Her-  Dr.  LaiDJtester,  R.  Patterson,  J.  A. 

bert,  LL.D.,  F.L.S.  1     Turner. 

William  Thompson,  F.L.S....  G.  J.  Allman,    Dr.    Lankester,  R. 

i     Patterson. 
Very  Rev.  the  Dean  of  Man-  Prof.  Allman,  H.  Gtoodsir,  Dr.  King, 

Chester.  I     Dr.  Lankester. 

Rev.  Prof.  Henslow,  F.L.S. ...  Dr.  Lankester,  T.  V.  WoUaaton. 
Sir   J.    Richardson,    M.D.,     Dr.  Lankester,  T.  V.  Wollaston,  H. 

F.R.S.  I     Wooldridge. 

H.E.  Strickland,  M.A.,F.R.S.  Dr.  Lankester,  Dr.  Melville,  T.  V. 

Wollaston. 


John  Richardson,  M.D.,  F.R.S. 


SECTION  D  {conUmied). — zooLOor  and  botany,  including  physiology. 

[For  the  Presidents  and  Secretaries  of  the  Anatomical  and  Physiological  Sab« 
sections  and  the  temporary  Section  E  of  Anatomy  and  Medicine,  see  p.  l:uv.] 

1848.  Swansea  ...,L.  W.  Dillwyn,  F.R.S 


1 84  9.  Birmingham 
1850.  Edinburgh 

1351.  Ipswich   ... 

1852.  Belfast 


1853.  Hull 

1854.  Liverpool... 

1855.  Glasgow  ... 

1856.  Cheltenham 


1857.  Dublin. 


WUliam  Spence,  F.R.8 

Prof .  Goodsir,  F.R.S.  L.&E. 

Rev.  Prof.  Henslow,  M.A., 

F.R.S. 
W.  OgUby 


C.  C.  Babington,  M.A.,  F.R.S. 
Prof,  Balfour,  M.D.,  F.R.S.... 
Rev.  Dr.  Fleeming,  F.R.S.E. 
Thomas  Bell,  F.R.S.,  Pres.L.S. 

Prof.  W.  H.  Harvey,  M.D., 
F.R.S. 


Dr.  R.  Wilbraham  Falconer,  A.  Hen- 
frey,  Dr.  Lankester. 

Dr.  Lankester,  Dr.  Russell. 

Prof.  J.  H.  Bennett,  M.D.,  Dr.  Lan- 
kester, Dr.  Douglas  Madagan. 

Prof.  Allman,  F.  W.  Johnston,  Dr.  E* 
Lankester. 

Dr.  Dickie,  George  C.  Hyndman,  Dr. 
Edwin  Lankester. 

Robert  Harrison,  Dr.  E.  Lankester. 

Isaac  Byerley,  Dr.  E.  lankester, 

William  Keddie,  Dr.  Lankester. 

Dr.  J,  Abercrombie,  Prof.  Buckman^ 
Dr,  Lankester. 

Prof.  J,  R.  Kinahan,  Dr.  E.  Lankester, 
Robert  Patterson,  Dr.  W.  E.  Steele. 


'  At  this  Meeting  Physiology  and  Anatomy  were  mode  a  separate  Committee, 
for  Presidents  and  Secretaries  of  which  see  p.  Ixiv. 
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Date  and  Place 


Presidents 


Secretaries 


1858. 

1869. 

1860. 

1861. 

1862. 
1863. 

1864. 

1865. 


Leeds   C.  C.  Babington,  M.A.,  F.R.S. 

Aberdeen...  Sir W.Jardine,  Bart .,F.R.S.E. 

Oxford Rev.  Prof.  Henslow,  F.L.S.... 

Manchester  Prof.  C.  0.  Babington,  F.R.S. 

Cambridge    Prof.  Huxley,  F.R.S 

Newcastle     Prof.  BaHour,  M.D.,  F.R.S.... 

Bath Dr.  John  E.  Gray,  F.R.8.    ... 

Birming.  T.  Thomson,  M.D.,  F.R.S.   ... 
ham  * 


Henry  Denny,  Dr.  Heat  on,  Dr.  E. 

Lankest  er,  Dr.  E.  Perceval  Wright. 
jProf.  Dickie,  M.D.,  Dr.  E.  Lankester, 
'     Dr.  Ogilvy. 
,  W.  S.  Church,  Dr.  B.  Lankester,  P. 

L.  Sclater,Dr.  E.  Perceval  Wright. 
Dr.  T.  Alcock,  Dr.  E.  Lankester,  Dr. 
!     P.  L.  Sclater,  Dr.  E.  P.  Wriglit. 
'Alfred  Newton,  Dr.  E.  P.  Wright. 
Dr.  E.  Charlton,  A.  Newton,  Rev.  H. 

B.  Tristram,  Dr.  E.  P.  Wright. 
H.  B.  Brady,  C.  E.  Broom,  H.  T. 

Stainton,  Dr.  B.  P.  Wright. 
Dr.  J.  Anthony,  Rev.  C.  Clarke.  Rev. 
I     H.  B.  Tristram,  Dr.  E.  P.  Wright. 


SECTION  D  (continued). — bioloot. 


1866.  Nottingham  Prof.   Huxley,    F.n.S.—I)ej). 

of  Phf/sivL,  Prof.  Humphry, 
F.R.S. — JDrp,  of  Atithropol.t 
'     A.  R.  Wallace. 

1867.  Dundee    ...  Prof.  Shari)oy,  M.D.,  Sec.  R.S. 

— Drjf.  of  ZooL  and  Jiof.j 
George  Busk,  M.D.,  F.R.S. 

1868.  Norwich  ...Rev.  M.  J.  Berkeley,  F.L.S. 

j     —Dep.  of   PhysioUfjy,   W. 
I     H.  Flower,  F.R.S. 


1869.  Exeter. 


1870.  Liverpool... 


1871.  Edinburgh. 


1872.  Brighton  ... 


1873.  Bradford  .. 


George  Busk,  F.R.S.,  F.L.S. 
— Dcp.  of  Bot.  and  Zool.y 
C.  Si>cncc  Bate,  F.R.S.— 
Dcp.  of  FAhno.,  E.  B.  Tylor. 

Prof.  G.  Rolloston,  M.A.,  M.D., 
F.R.S.,  F.L.S.  — J9r7A  if 
Anat.  and  Physiol.y Prof. M. 
Foster,  M.D.,  ¥.h,^.—Dcp. 
ofEthno.,  J.  Evans,  F.R.S. 

Prof.  Allen  Thomson,  M.D., 
F.R.S.— i>^/;.  of  Bot.  and 
jg«>Z.,Prof.WyvilleThomson, 
F.R.S.— /><'/>.  of  Antkropol., 
Prof.  W,  Turner,  M.D. 

Sir  J.  Lubbock,  Bart.,F.R.S.— 
Bep.  of  Anat,  and  Physiol,, 
Dr.  Burden  Sanderson, 
¥.1^.^.—Bep.  of  Anthrapol.y 
Col.  A.  Lane  Fox,  F.G.S. 

Prof.  Allman,  F.R.S.— i?^^?.  of 
Anat. and  Physiol.jFioi.  Kn- 
iheTioYdj^l.D.—Bep.ofAn' 
thropol.y  Dr.  Beddoe,  F.R.S. 


Dr.  J.  Beddard,  W.  Felkin,  Rev.  H. 

B.  Tristram,  W.    Turner,   E.    B. 
Tylor,  Dr.  E.  P.  Wright. 

C.  Spcnco  Bate,  Dr.  S.  Cobbold,  Dr. 

M.  Foster,  H.  T.  Stainton,  Rev. 

H.  B.  Tristram,  Prof.  W.  Turner. 
Dr.  T.  S.  Cobbold,  G.  W.  Firth,  Dr. 

M.  Foster,  Prof.  Lawson,  H.  T . 

Stainton,  Rev.  Dr.  H.  B.  Tristram, 

Dr.  E.  P.  Writrht. 
Dr.  T.  S.  Cobbold,  Prof.  M.  Foster, 

E.  Ray  Lankester,  Prof.  Lawson, 

n.  T.  Stainton,  Rev.  H.  B.  Tris- 
tram. 
Dr.  T.  S.  Cobbold,  Sebastian  Ev.ina, 

Prof.  Lawson,  Thos.  J.  Moore,  U. 

T.  Stainton,  Rev.  H.  B.  Tristram, 

C.  Staniland  Wake,  B.  Ray  Lan- 
kester. 

Dr.  T.  R.  Fraser,  Dr.  Arthur  Gamgee, 
E.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton,  C.  Staniland  Wake, 
Dr.  W.  Rutherford,  Dr.  Kelbume 
King. 

Prof.  Thiselton-Dyer,  H.  T.  Stainton, 
Prof.  Lawson,  F.  W.  Rudler,  J.  H. 
Lamprey,  Dr.  Gamgee,  E.  Ray 
Lankester,  Dr.  Pye-Smith. 

Prof.  Thiselton-Dyer,  Prof.  Lawson. 
R.  M'Lachlau,  Dr.  Pye-Smith,  E. 
Ray  Lankester,  F.  W.  Rudler,  J. 
H.  Lamprey. 


The  title  of  Section  D  was  changed  to  Biology. 
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Date  and  Place 


1874.  Belfast . 


1875.  Bristol 


1876.  Glasgow  ... 


Secretaries 


Prof.  Bedfern,  M.D.— JO^/?.  <2/'jW.T.Thi8elton-Djer,R.O.Cuiming- 

Zool.  and  Bat.,  Dr.  Hooker, '     ham,  Dr.  J.  J.  Charles,  Dr.  P.  H. 

C.B.,Pre8.R.S.— Z>^/?.<>M7i-i     Pye-Smith,  J.  J.  Murphy,  F.  W. 

throp..  Sir  W.R.  WUde,  M.D.  i     Rudler. 
P.  L.  Sclater,  F.R.S.— 2?^^;.  <j/"|  K.  B.  Alston,  Dr.  McKendrick,  Prof. 

Anat.  and   PhytioU  Prof.;     W.  R.  M'Xab,  Dr.  Martyn,  F.  W. 

Cleland,    F.R.S.— />^/;.    of,     Rudler,  Dr.  P.  H.  Pye-Smith,  Dr. 
-4«a.,Prof.Rolleston,F.R.S.       W.  Spencer. 
A,  Russel  Wallace,   F.L.S.— |E.    R.    Alston,    Hyde    Clarke,    Dr. 


Dep.    of    Zool.    and  Bot.y      Knox,  Prof.  W.   R.   M'Nab,   Dr. 
Prof.  A.  Newton,  F.R.S.—      Muirhead,  Prof.    Morrison  Wat- 
Bep.ofAnat.ofidPhtfnol.,.     son. 
Dr.  J.  G.  McKendrick. 

1877.  Plymouth...  y.  Gwyn    Jeffreys,   F.R.S.— .E.  R.  Alston,  F.  Brent,  Dr.  D.  J. 

j     Bep,  of  A?iat.  and  Phytiol.y      Cunningham,  Dr.  C.  A.  Kingston, 
Prof.  Macalister.— 2?^j?.  of\     Prof.  W.  R.  M*Nab,  J.  B.  Rowe, 
I     -fl;i<Awjtw/.,F.Galton,F.R.8.      F.  W.  Rudler. 

1878.  Dublin |Prof.  W.  H.  Flower,  F.R.S.— ,Dr.  R.  J.  Harvey,  Dr.  T.  Hayden, 

I     Bep.    of  AnthropoLy  VTot\     Prof.  W.  R.  M*Nab,  Prof.  J.  M. 

Huxley,     Sec    Kii.—Bep.:     Purser,  J.  B.  Rowe,  F.  W.  Rudler. 

of  Atiat.  and  Phytiol.,  R. 
'     McDonntll,  M.D.,  F.R.S. 

1879.  Sheffield  ...  |  Prof.     St.    George     Mi vart,  Arthur  Jackson,  Prof.  W.  R.  M'Nab, 

I     F.KB.~-Bep.ofAntkropol.,\     J.  B.  Rowe,  F.  W.  Rudler,  Prof. 
,     E.  B.  Tylor,  D.C.L.,  F.R.S.I     Schiifer. 

—  Bcp,  of  Anat.  and  Phy-^ 

siol.f  Dr.  Pj-e-Smith. 

1880.  Swansea  ...I A.C.L.Gunther, F.R.S.—/>r/7.  G.    W.    Bloxam,     John     Priestley, 

of  Anat.  4*  Phytivl,  F.  M.      Howard   Saunders,  Adam   Sedg- 
Balfour,    F.R.S.— /;<-/;.     of^     wick. 
i     AnthropoL,  F.  W.  Rudler. 

1881.  York ;  R.  Ow6n,  BMi.S.  -Bep. of  An-  G.  W.  Bloxam,  W.A.Forbes,  Rev. 

W.  C.  Hey,  Prof.  W.  R.  M'Nab, 
W.  North,  John  Priestley,  Howard 
Saunders,  H.  E.  Spencer. 


1882.  Southamp- 
ton. 


1883.  Soathporti 

1884.  Montreal  ... 

1885.  Aberdeen... 

1886.  Birmingham 

1887.  Manchester 


;R.0w6n,  BMi.S.  -  Bep.  of  An- 
I  thropoL,  Prof.  W.H.  Flower, 
I     ¥.\\.^.-Bcp.  o>f  Anat.  and ^ 

Physiol.,  Prof.  J.  S.  Burden  | 
I     Sanderson,  F.R.S. 
Prof.A.Gamgec.M.D.,F.R.S.  G.  W.   Bloxam,   W.   Heape,    J.   B. 

—  Bep.  of  Zool,  and  Bot., '     Nias,  Howard  Saunders,  A.  Sedg- 

Prof.  M.  A.  Lawson,  F.L.S.  i     wick,  T.  W.  Shore,  jun. 

— Bep.  of  Anthropol.y  Prof. 

W.  Boyd  Dawkins,  F.R.S.    , 
Prof.  B.  RayLankester,  M.A.,|G.  W.   Bloxam,  Dr.  G.  J.  Haslam, 

Y.^.^.—Bep.  ofAnthropoW     W.  Heape,  W.  Hurst,  Prof.  A.  M. 

W.  Pengelly,  F.R.S.  '     Marshall,  Howard  Saunders,  Dr. 

G.  A.  Woods. 
Prof.   H.  N.   Moseley,  M. A.,  Prof.  W.  Osier,  Howard  Saunders,  A. 

F.R.S.  h^edgwick.  Prof.  R.  R.  Wright. 

Prof.  W.  C.  M'Intosh,  M.D.,  W.  Heape,  J.  McGregor-Robertson, 

LL.D.,  F.R.S.,  F.R.S.E.        '     J.     Duncan    Matthews,    Howard 
Saunders,  H.  Marshall  Ward. 
W.     Carruthers,    Pres.    L.S.,  Prof.  T.  W.  Bridge,  W.  Heape,  Prof. 

F.R.S.,  F.G.S.  W.  Hillhouse,  W.  L.  Sclater,  Prof. 

H.  Marshall  Ward. 
Prof.A.Newton,M.A.,F.R.S.,  C.  Bailey,  F.  E.  Beddard,  S.  F.  Har- 
'     F.L.S.,  V.P.Z.S.  mer,  W.  Heape,  W.   L.   Sclater, 

Prof.  H.  Mai-shall  Ward. 


Anthropology  was  made  a  Mpaiate  Section,  sec  p.  Izzl. 
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Date  and  Place 


1888.  Bath 


Presidenta 


Secretaries 


W.  T.  Thiselton-Dyer,  C.M.G.,  F.  E.  Beddard,  S.  F.  Harmer,  Prof. 
F.R.S.,  F.L.S.  H.  Marshall  Ward,  W.  Gardiner, 

Prof.  W.  D.  Halliburton. 

1889.  Newcastle  -  Prof.  J.  S.  Burdon  Sanderson,  C.  Bailey,  F.  E.  Beddard,  8.  F.  Har- 

npon.Tyne      M.A.,  M.D.,  F.R.S.  raer,  Prof.  T.  Oliver,  Prof.  H.  Mar- 

shall Ward. 

1890.  Leeds   Prof.   A.    Milnes     Marshall,  S.  F.  Harmer,  Prof .  W.  A.  Herdman, 

M.A.,  M.D.,  D.Sc,  F.R.S.     ,     S.  J.  Hickson.  F.  W.  Oliver,  H. 
I     Wager,  H.  Marshall  Ward. 

1891.  Cardiff Francis  Darwin,  M.A.,  M.B.,;F.  E.  Beddard,  Prof.  W.  A.  Herdman, 

F.R.S.,  F.L.S.  Dr.  S.  J.  Hickson,  G.  Murray.  Prof. 

'     W.  N.  Parker,  H.  Wager. 

1892.  Edinburgh    Prof.  W.   Rutherfoid,  M.D.,'G.  Brook,  Prof.  W.  A.  Herdman,  G. 

F.R.S.,  F.R.S.E.  Murray,  W.  Stirling,  H.  Wager. 

1893. Nottingham'  Rev.  Canon  H.  B.  Tristram,  G.  C.  Bourne,  J.  B.  Farmer,  Prof. 

'     M.A.,  LL.D.,  F.R.S.  I     W.  A.   Herdman,  S.  J.  Hickson, 

I  '     W.  B.  Ransom.  W.  L.  Sclater. 

1894.  Oxford*  ...  i  Prof.  I.  Bayley  Balfour,  M.A.,i  W.  W.  Benham,  Prof.  J.  B.  Farmer, 

F.R.S.  ;     Prof.  W.  A.  Herdman,  Prof.  S.  J. 

'     Hickson ,  G.  Murray,  W.  L.  Sclater. 

SECTION  D  (contimied). — ZOOLOGY. 
1896.  Ipswich    ...  Prof.  W.  A.  Herdman,  F.R.S  'G.  C.   Bourne,    H.    Brown,  W.   E. 
.  ;     Hoyle,  W.  L.  Sclater. 

1896.  Liverpool...  Prof.  E.  B.  Poulton,  F.R.S.  ...  H.  O.  Forbes,  W.  Garstang,  W.  E. 

I     Hoyle. 

1897.  Toronto    ...  Prof.  L.  C.  Miall,  F.R.S W.   Garstang,   W.  E.  Hoyle,   Prof. 

I     E.  E.  Prince. 

1898.  Bristol Prof.  W.  F.  R.Weldon,  F.R.S.  Prof.  R.  Boyce,  W.  Garstang,  Dr. 

I     A.  J.  Harrison,  W.  E.  Hoyle. 

\dam  Sedgwick,  F.R.S !  W.  Garstang,  J.  Graham  Kerr. 


1899.  Dover  .., 

1900.  Bradford 


.  Dr.  R.  H.  Tniquair,  F.R.S. 
J 901.  Glasgow  ...  Prof.  J.  Cossar  Ewart,  F.R.S. 


W.    Garstang,  J.  G.   Kerr,    T.    H. 

Taylor,  Swale  Vincent. 
J.  G.  Kerr,  J.  Rankin,  J.  Y.  Simpson. 


ANATOMICAL  AND  PHYSIOLOGICAL   SCIENCES. 

COMMITTEE   OF   SCIENCES,  V. — ANATOMY  AND  PHYSIOLOGY. 

1833.  Cambridge    Dr.  J.  Haviland |Dr.  H.  J.  H.  Bond,  Mr.  G.  E.  Paget. 

1834.  Edinburgh     Dr.  Abercrombie  |Dr.  Roget,  Dr.  William  Thomson. 

SECTION  E    (until  1847). — ANATOMY  AND  MEDICINE, 

1835.  Dublin IDr.  J.  C.  Pritchard  iDr.  Harrison,  Dr.  Hart. 

1836.  Bristol 'Dr.  P.  M.  Roget,  F.R.S IDr.  Symonds. 


1837.  Liverpool.. 

1838.  Newcastle 

1839.  Birmingham 


Prof.  W.  Clark,  M.D. 


Dr.  J.   Carson,  jun.,  James  Long, 
I     Dr.  J.  R.  W.  Vose. 

T.  E.  Headlam,  M.D iT.  M.  Greenhow,  Dr.  J.  R.  W.  Vose. 

John  Yelloly,  M.D.,  F.R.S. ...  |  Dr.  G.  0.  Rees,  F.  Ryland. 
1840.  Glasgow  ...  James  Watson,  M.D | Dr .J.Brown, Prof.  Couper, Prof. Reid. 

SECTION  E. — PHYSIOLOGY. 


1841.  Plymouth... 'P.  M.  Roget,  M.D.,  Sec.  R.S. 

1842.  Manchester  Edward  Holme,  M.D.,  F.L.S. 

1843.  Cork 'Sir  James  Pitcaim,  M.D.    ... 

1844.  York 'j.  C.  Pritchard,  M.D 

1846.  Cambridge    Prof.  J.  Haviland.  M.D 


J.  Butter,  J.  Fuge,  R.  S.  Sargent. 
Dr.  Chaytor,  Dr,  R.  S.  Sargent. 
Dr.  John  Popham,  Dr.  R.  S.  Sargent. 
I.  Erichsen,  Dr.  R,  S.  Sargent. 
Dr.  R.  S.  Sargent,  Dr.  Webster. 


'  Physiology  was  made  a  separate  Section,  see  p.  Ixzii. 
'  The  title  of  Section  D  was  changed  to  Zoology. 
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Date  and  Place 


Presidents 


Secretaries 


1846.  Sonthamp-  jProf.  Owen,  M.D.,  F.R.S.    . 

ton. 

1847.  Oxford  J   ...  Prof.  Ogle,  M.D.,  F.R.S 


C.  P.  Keele,  Dr.  Layoock,  Dr.  Sar- 
'     gent. 
T.  K.  Chambers,  W.  P.  Ormerod. 


1850.  Edlnbargh 

1856.  Glasgow  ... 

1857.  Dublin 

1858.  Leeds  

1869.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birming- 

ham' 


PHTSIOLOGICAL  SUBSECTIONS  OF  SECTION   D. 

Prof.  Bennett,  M.D.,  F.R.S.E. 
Prof.  Allen  Thomson,  F.R.8. 

Prof.  R.  Harrison,  M.D 

Sir  B.  Brodie,  Bart.,  F.R.S. 
Prof.  Sharpey,  M.D.,  SecR.S. 
Prof.G.Rolle8ton,M.D.,F.L.S. 
Dr.  John  Davy,  F.R.S.  L.&  E. 

G.  E.  Paget,  M.D 

Prof.  Rolleston,  M.D.,  F.R.S. 
Dr.  Edward  Smith,  F.R.8. 
Prof.  Acland,   M.D.,  LL.D.,! 
F.R.8.  I 


Prof.  J.  H.  Corbett,  Dr.  J.  Strnthers. 
Dr.  R  D.  Lyons,  Prof.  Redfem. 
C.  G.  Wheelhonse. 
Prof.  Bennett,  Prof.  Redfem. 
Dr.  R.  McDonnell,  Dr.  Edward  Smith. 
Dr.  W.  Roberts,  Dr.  Edward  Smith. 
G.  F.  Helm,  Dr.  Edward  Smith. 
Dr.  D.  Embleton,  Dr.  W.  Turner. 
J.  S.  Bartrum,  Dr.  W.  Turner. 
Dr.  A.    Fleming,    Dr.   P.    Heslop, 
Oliver  Pembleton,  Dr.  W.  Turner. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

[For  Presidents  and  Secretaries  for  Geography  previous  to  1861,  see  Section  C, 
p.  Iviii.] 

ETHNOLOGICAL  SUBSECTIONS  OF  SECTION   D. 


1846.Southampton 

1847.  Oxford  

1848.  Swansea    ... 

1849.  Birmingham 

1850.  Edinburgh 


Dr.  J.  C.  Pritchard  

Prof.  H.  H.  Wilson,  M.A. 


Vice- Admiral  Sir  A.  Malcolm 


Dr.  King. 
Prof.  Buckley. 
G.  Grant  Francis. 
Dr.  R.  G.  Latham. 
Daniel  Wilson. 


SECTION  E. — GBOGBAPHT  AND  BTHNOLOGT. 


1851.  Ipswich    ... 

1852.  Belfast 

1863.  Hull 

1854.  Liverpool... 
1856.  Glasgow  ... 

1866.  Cheltenham 

1867.  Dublin 

1868.  Leeds  


Sir  R.  L  Murchison,  F.R.S., 

Pres.  R.G.S. 
CJol.   Chesney,  R.A.,  D.C.L., 

F.R.S. 
R.  G.  Latham,  M.D.,  F.R.S. 

Sir  R.  L  Murchison,  D.O.L., 

F.R.S. 
Sir    J.    Richardson,    M.D., 

F.R.S. 
Col.  Sir   H.  C.    Rawlinson, 

K.C.B. 
Rev.  Dr.  J.  Henthom  Todd, 

Pres.  R.LA. 
Sir  R.  L  Murchison,  G.O.St.S., 

F.R.8. 


R.  Cull,  Rev.  J.  W.  Donaldson,  Dr. 

Norton  Shaw. 
R.  Cull,  R.  MacAdam,  Dr.  Norton 

Shaw. 
R.   Cull,  Rev.    H.  W.  Kemp,  Dr. 

Norton  Shaw. 
Richard  Cull,  Rev.  H.  Higgins,  Dr. 

Dme,  Dr.  Norton  Shaw. 
Dr.  W.  G.  Bladrie,    R.  Cull,  Dr. 

Norton  Shaw. 
R.   Cull,  F.  D.    Hartland,  W.  H. 

Rumsey,  Dr.  Norton  Shaw. 
R.   Cull,   S.   Ferguson,  Dr.   R.    R. 

Madden,  Dr.  Norton  Shaw. 
R.  Cull,  F.  Galton,  P.  O'Callaghan, 

Dr.  Norton  Shaw,  T.  Wright. 


'  Sections  D  and  E  were  incorporated  under  the  name  of  *  Section  D — Zoology 
and  Botany,  including  Physiology  *  (see  p.  1x1.).  Section  B,  being  then  vacant, 
WM  assigned  in  1851  to  Geography. 

'  Vide  note  on  page  Ixii. 
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Date  and  Place 

1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Binninghatn 

1866.  Nottingham 


Presidents 


Rear  -  Admiral  Sir  Jhmts 
Clerk  Ross,  D.C.L.,  F.R.S. 

Sir  R.  I.  Murchison,  D.C.L., 
F.R.S. 

John  Crawfurd,  F.R.S 

Francis  Galton,  F.R.S 

Sir  R.  I.  Murchison,  K.C.B., 

F.R.S. 
SlrR.  I.  Murchison,  K.C.B., 

F.R.a. 
Major-General  Sir  H.  Raw- 

linson,  M.P.,  K.C.B.,  F.R.S. 
Sir  Charles  Nicholson,  Bart., 

LL.D. 


Secretaries 


1867.  Dundee    ...  i  Sir  Samuel  Baker,  F.R.G.S. 

1868.  Norwich  ...Icapt.  G.  H.  Richards,  R.N., 

F.R.S. 


Richard  Cull,  Prof.Geddes,  Dr.  Nor- 
ton Shaw. 
iCapt.  Burrows,  Dr.  J.  Hunt,  Dr*  O. 
I     Lempri^re,  Dr.  Norton  Shaw. 
i  Dr.  J.  Hunt,  J.  Kingsley,  Dr.  Nor- 
(     ton  Sha;t^,  W.  Spottiswoode. 
'  J.W.Clarke,  Rev.  J.  Glover,  Dr.  Hunt, 
I     Dr.  Norton  Shaw,  T.  Wright. 

C.  Carter  Blake,  Hume  Greenfield, 

C.  R.  Markham,  R.  S.  Watsoti. 
•H.  W.  Bates,  C.  R.  Markham,  Capt. 
I     R.  M.  Murchison,  T.  Wright. 

H.  W.  Bates,  S.  Evans,  G.  Jabet, 

C.  R.  Markham,  Thomas  Wright. 
!h.  W.  Bates,  Rev.  E.  T.  Cusins,  R. 
I     H.  Major,  Clements  R.  Markham, 

D.  W.  Nash,  T.  Wright. 

H.  W.  Bates,  Cyril  Grahtoi,  C.  E. 
I  Markham,  S.  J.  Mackie,  R.  S turrock . 
T.  Baines,  H.  W.  Bates,  Clements  R. 
Markham,  T.  Wright. 


SBCtlON  B  (continued)  J — gbograj'ht. 


1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1876. 

1876. 
1877. 

1878. 

1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1886. 
1886. 
1887. 


Exeter 

Liverpool... 

Edinburgh 

Brighton ... 

Bradford ... 

Belfast 

Bristol 

Glasgow  ... 
Plymouth... 
Dublin 

Sheffield  ... 

Swansea  ... 

York 


Soutiiamp- 

ton. 
Southport 

Montreal ... 

Aberdeen... 

Binningliam 

Manchester 


Sir    Bartle    Frere,    K.C.B., 

LL.D.,  F.R.G.S. 
SirR.LMurchison,Bt.,K.C.B., 
LL.D.,D.C.L.,F.R.S.,F.G.S. 
Colonel  Yule,  C.B.,  F.R.G.S. 

Francis  Galton,  F.R.S 

Sir  Rutherford  Alcock,  K.  C.B. 

Major  Wilson,  R.E.,  F.R.S., 

F.R.G.S. 
Lieut.  -  General     Strachey, 

R.E.,  C.S.I.,  F.R.8.,F.R.G.S. 

Capt.  Evans,  C.B.,  F.R.S 

Acun.  Sir  E.  Ommanney,  C.B. 
Prof.  Sir  C.  Wyville  iTiom- 

son,  LL.D.,F.R.S.,F.B.S.B. 
Clements  R.  Markham,  C.B., 

F.R.S.,  Sec.  HXJ.S, 
Lieut.-Gen.  Sir  J.  H.  Lefroy, 

C.B.,  K.O.M.G.,B.A.,F.R.S. 
Sir  J.   D.  Hooker,  K.C.S.I., 

C.B..  F.B.S. 
[Sir  R.  Temple,  Bart.,  G.C.S.I., 

F.R.G.S. 
Lieut.-Col.  H.    H.    Godwin- 
Austen,  F.R.S. 
Gen.  Sir  J.  H.  Lefroy,  C.B., 
I     K.C.M.G.,  F.R.S.,V.P.R.G.S. 
I  Gen.  J.  T.  Walker,  C.B.,  R.E., 
I     LL.D.,  F.R.S. 
•  Maj.-Gen.  Sir.  F.  J.  Qoldsmid, 
;     K.C.8.L,  C.B.,  F.R.G.S. 
Col.    Sir    C.  Warren,    R.E., 
I     G.C.M.G.,  F.R.S.,  F.R.G.S. 


H.  W.  Bates,  CjementA  R.  Markham, 

J.  H.  Thomas. 
H.W.Bates,  David  Buxton,  Albert  J. 

Mott,  Clements  R.  Markham. 
A.  Buehan,  A.  Keith  Johnston,  Cle« 

ments  B.  Markham,  J.  H.  Thomas. 
H.  W.  Bates,  A.  Keith  Johnston, 

Rev.  J.  Newton,  J.  H.  Thomas. 
H.  W.  Bates,  A.  Keith  Johnston, 

Clements  R.  Markham. 
E.  G.  Ravenstein,  E.  C.  Rye,  J.  H. 

Thomas. 
H.    W.    Bates,   E.  C.  Rye,  F.  F. 

Tttckett. 
H.  W.  Bates,  E.  C.  Rye,  R.  O.  Wood. 
H.  W.  Bates,  F.  E.  Fox,  ».  C.  Rye. 
John  Coles,  E.  C.  Rye. 

H.  W.  Bates,  C.  E.  D.  Black,  E.  C. 

Rye. 
H.  W.  Bates,  te.  C.  Rye. 

J.  W.  Barry,  H.  W.  Bates. 

E.  G.  Ravenstein,  E.  C.  Rye. 

John  Coles,  E.  0.  Ravenstein,  E.  C. 

Rye. 
Rev.AbWLaflamme,  J.S.  O'Halloran, 

E.  G.  Ravenstein,  J.  F.  Torrance. 
J.  S.  Keltic,  J.  S.  0*Halloran,  B.  Q. 

Ravenstein,  Rev.  G.  A.  Smith. 

F.  T.  S.  Houghton,  J.  S.  Keltie, 
B.  G.  Ravenstein. 

Rev.  L.  C.  Casnrtelli,  J.  8.  Keltie, 
H.  J.  MAokinde?;  B.  G.  BuYenfitein. 
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Date  and  Place 


Presidents 


SecretaEries 


1888.  Bath Col.  Sir  0.  W.  Wilson,  R.E., 

i     K.C.B.,  F.R.S.,  F.R.G.S. 

1889.  Newcastle-  lOol.     Sir     F.     de    Winton, 

upon-Tyne      K.C.M.G.,  C.B.,  F.R.G.S. 

1890.  Leeds   lieut.-Col.   Sir    R.    Lambert 

Playfair,  K.C.M.G.,  F.R.G.S. 

1891.  Cardiff lE.  G.   Bavenstein,   F.R.G.S., 

IF  S  S 
„      Prof.i.  Geikie.  D.C.L.,F.R.8., 

I     V.P.R.Scot.G.S. 

1893.  Nottingham  H.Seebohm,  Sec.  R.S.,F.L.S.,  I  Col.  F.  Bailey,  John  Coles,  H.  O. 

F.Z.S.  '     Forbes,  Dr.  H.  R.  Mill. 

1894.  Oxford Capt.  W.  J.  L.  Wharton,  R.N.,  John  Coles,  W.  S.  Dalpleish,  H.  N. 

F.R.S.  '      Dickson,  Dr.  H.  R.  Mill. 

H.      J.      Mackinder,      M.A.,  John  Coles,  H.  N.  Dickson,  Dr.  H. 

F.R.G.S.  R.  Mill,  W.  A.  Taylor. 

Major  L.  Darwin,  Sec.  R.G.S.  Col.  F.  Bailev,  H.  N.  Dickson,  Dr. 

H.  R.  MiU,  B.  C.  DuB.  Phillips. 
Col.   F.   Bailey,  Capt.  DeviUe,  Dr. 
H.  R.  Mill,  J.  B.  Tyrrell. 


J.  S.  Keltic,  H.  J.  Mackinder,  E.  G. 
Ravenstein. 

J.  S.  Keltic,  H.  J.  Mackmder,  R. 
Snlivan,  A.  Silva  White. 

A.  Barker,  John  Coles,  J.  S.  Keltic, 
A.  Silva  White. 

John  Coles,  J.  S.  Keltic,  H.  J.  Mac- 
kinder,  A.  Silva  White,  Dr.  Yeats. 

J.  G.  Bartholomew,  John  Coles,  J.  S. 
Keltic,  A.  Silva  White. 


1895.  Ipswich 
189(J.  Liverpool 

1897.  Toronto 

1898.  Bristol... 


J.  Scott. Keltic,  LL.D. 

Coi.  G.  Earl  Church,  F.R.G.S. 

1899.  Dover  Sir  John  Murray,  F.R.S. 

Robertson, 


1900.  Bradford...  Sir    George     S. 

I      K  C  S  I 

1901.  Glasgow  ...,Dr.H.'R.*Mill,  F.R.G.8. 


H.  N.  Dickson,  Dr.  H.  R.  Mill,  H.  C. 

Trapnell. 
'H.  N.   Dickson,  Dr.  H.  O.  Forbes, 

Dr.  H.  R.  Mill. 
H.  N.  Dickson,  E.  Heawood,  E.  R. 

Wethey. 
H.   N.    Dickson,   B.  Heawood,    G. 

Sandeman,  A.  C.  Turner. 


STATISTICAL  SCIEKCE. 

COMMITTEE   OF   SCIENCES,   VI. — STATISTICS. 

18^9.  Ctttttbridgei  Prof.  Babbage,  F.R.S i  J.  B.  DrinkWater. 

1834.  Edinburgh  I  Sir  Charles  Lemon,  Bart I  Dr.  Cleland,  C.  Hope  Maclean. 

SECTION  P. — STATISTICS. 


1836.  Dublin. 
1836.  Bristol. 


1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 


Charles  Babbage,  F.R.S 

Sir  Chas.  Lemon,  Bart,  F.R.S. 

Rt.  Hon.  Lord  Sandon 

Colonel  Sykes,  F.R.S 

Henry  Hallam,  F.R.S 

Lord  Sandon,  M.P.,  F.R.S. 

Lieut-CoL  Sykes,  F.R.S 

G.  W.  Wood,  M.P.,  F.L.8.   ... 


1843.  Cork Sir  C.  Lemon,  Bart.,  M.P. 


W.  Greg,  Prof.  Longaeld. 

Rev.    J.   E.  Bromby,  C.   B.   Fripp, 

James  Heywood. 
W.  R.  Greg,  W.  Langton,  Dr.  W.  C. 

Tayler. 
W.  Cargill,  J.  Heywood,  W.R.  Wood. 
F.  Clarke,  R.  W.  Rawson,  Dr.  W.  C. 

Tayler. 
C.  R.  Baird,  Prof.  Ramsay,  R.W. 

Rawson. 
Rev.  Dr.  Byrth,  Rev.  B.  Luney,  R. 

W.  Rawson. 
Rev.  R.  Luney,  G.  W.  Ormerod,  Dr. 

W.  C.  Tayler. 
Dr.  D.  BulJen,  Dr.  W.  Cooke  Tayler. 


1844.  York iLieut.-Col.    Sykes,    F.R.S.,  J.  Fletcher,  J.  Heywood,  Dr.  Lay- 


F.L.S. 
Rt.Hon.  the  Earl  Fitzwilliam 
G.  B.  Porter,  F.R.S 

Travers  Twiss,  D.C.L.,  F.R.S. 

1848.  Swanaea  ...  J.  H.  Vivian,  M.P.,  F.R.S.  ... 
1849  Birmingham  I  Rt.  Hon.  Lord  Lyttelton.....i 


1845.  Cambridge 

1846.  Soathamp- 

ton. 

1847.  Oxford 


cock. 

J.  Fletcher,  Dr.  W.  Cooke  Tayler. 
J.  Fletcher,  F.  G.  P.  Neison,  Dr.  W. 

C.  Tayler,  Rev.  T.  L.  Shapcott. 
Rev.  W.  H.  Cox,  J.  J.  Danson,  F.  G. 

P.  Neison. 
J.  Fletcher,  Capt.  R.  Shortrede. 
Dr.  Fhich,  Prof.  Hancock^  F.  P.  G, 

Neison. 
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Date  and  Place 


1850.  Edinburgli 

1851.  Ipswich    ... 

1852.  Belfast 


Presidents 


1853.  Hull 

1854.  Liverpool... 


Very    Rev.    Dr.    John    Lee, 

V.P.R.S.E. 
Sir  John  P.  Boileau,  Bart.  ... 
His  Grace  the  Archbishop  of 

Dublin. 
James  Heywood,  M.P.,  F.R.S. 
Thomas  Tooke,  F.R.S 


Secretaries 


1855.  Glasgow  ...'R.  Monckton  Milnes,  M.P. 


Prof.  Hancock,  J.  Fletcher,  Dr.  J. 

Stark. 
J.  Fletcher,  Prof.  Hancock. 
Prof.  Hancock,  Prof.  Ingram,  James 

MacAdam,  jun. 
Edward  Cheshire,  W.  Newmarch. 
E.  Cheshire,  J.  T.  Danson,  Dr.  W.  H. 

Duncan,  W.  Newmarch. 
'  J.  A.  Campbell,  E.  Cheshire,  W.  Xew- 
!     march.  Prof.  R.  H.  Walsh. 


SECTION  F  {continued), — economic  science  and  statistics. 


1856.  Cheltenham  I  Rt.  Hon.  Lord  Stanley,  M.P. 


1857. 

1858. 

1859. 

1860. 

1861. 

1862. 
1863. 

1864. 
1865. 

1866. 

1867. 

1868. 
1869. 

1870. 

1871. 
1872. 
1873. 
1874. 

1875. 

1876. 

1877. 
1878. 
1879. 

1880. 
1881. 

1882. 

1888. 


Dublin 

LeedB  

Aberdeen... 

Oxford 

Manchester 

Cambridge 
Newcastle  . 

Bath 

Birmingham 

Nottingham 

Dundee 

Norwich.... 
Exeter 

Liverpool... 

Edinburgh 
Brighton ... 
Bradford  ... 
Belfast 

Bristol 

Glasgow  .. 

Plymouth.. 

Dublin 

Sheffield  .. 

Swansea  ... 
York , 

Southamp- 
ton. 
Sonthport 


His  Grace  the  Archbishop  of 

Dublin,  M.R.I.A. 
Edward  Baines 


Col.  Sykes,  M.P.,  F.R.S 

Nassau  W.  Senior,  M.A 

William  Newmarch,  F.R.S... 

Edwin  Chadwick,  C.B , 

William  Tite,  M.P.,  F.R.S. .. 

W.  Farr,  M.D.,  D.C.L.,  F.R.S. 
Rt.  Hon.  Lord  Stanley,  LL.D., 

M.P. 
Prof.  J.  E.  T.  Rogers 


M.  E.  Grant-Duff,  M.P. 


Samuel  Brown  

Rt.Hon.  Sir  StaffordH.  North- 
cote,  Bart.,  C.B.,  M.P. 
Prof.  W.  Stanley  Jevons,  M.A. 

Rt.  Hon.  Lord  Neaves 

Prof.  Henry  Fawcett,  M.P. .. 
Rt.  Hon.  W.  E.  Forster,  M.P. 
Lord  O'Hagan  


James  Hevwood,  M.A.,F.R.S., 

Pres.  S.S. 
Sir  George  Campbell,  K.C.S.L, 

M.P. 
Rt.  Hon.  the  Earl  Fortescue 
Prof.  J.  K.  Ingram,  LL.D. 
G.  Shaw  Lefevre,  M.P.,  Pres. 

S.S. 

G.  W.  Hastings,  M.P 

Rt.  Hon.  M.  E.  Grant-Duff, 

M.A.,  F.R.S.  I 

Rt.  Hon.  G.  Sclater-Booth, 

M.P.,  F.R.S.  I 

R.  H.  Inglis  Palgiave,  F.R.8.  | 


:  Rev.  C.  H.  Bromby,  E.  Cheshire,  Dr. 

W.  N.  Hancock,  W.  Newmarch,  W. 

M.  Tartt. 
Prof.  Cairns,  Dr.  H.  D.  Hutton,  W. 

Newmarch. 
T.  B.  Baines,  Prof.  Cairns,  S.  Brown, 

Capt.  Fishboume,  Dr.  J.  Strang. 
Prof.  Cairns,  Edmund  Macrory,  A.  M. 

Smith,  Dr.  John  Strang. 
Edmund    Macrory,  W.  Newmarch, 

Prof.  J.  E.  T.  Rogers. 
David  Chadwick,  Prof.  R.  C.  Christie, 

E.  Macrory,  Prof.  J.  E.  T.  Rogers. 
H.  D.  Macleod,  Edmund  Macrory. 
T.   Doubleday,    Edmund    Macrory, 

Frederick  Purdy,  James  Potts. 
E.  Macrory,  E.  T.  Payne.  F.  Purdy. 
G.  J.  D.  Goodman,  G.  J.  Johnston, 

E.  Macrory. 
R.  Birkin,  jun..  Prof.  Leone  Levi,  E. 

Macrory. 
Prof.  Leone  Levi,  E.  Macrory,  A.  J, 

Warden. 
Rev.  W.  C.  Davie,  Prof.  Leone  Levi, 

E.  Macrory,  F.    Purdy,   C.    T.   D. 
Acland. 

Chas.  R.  Dudley  Baxter,  E.  Macrory, 

J.  Miles  Moss. 
J.  G.  Fitch,  James  Meikle. 
J.  G.  Fitch,  Barclay  Phillips. 
J.  G.  Fitch,  Swire  Smith. 
Prof.  Donnell,  F.  P.  Fellows;  Hans 

MacMordie. 

F.  P.  Fellows,  T.  G.  P.  Hallett,  E. 
Macrory. 

A.  M'Neel  Caird,  T.  G.  P.  Hallett,  Dr. 

W.  Neilson  Hancock,  Dr.  W.  Jack. 
W.  F.  Collier,  P.  Hallett,  J,  T.  Pirn. 
W.  J.  Hancock,  C.  Molloy,  J.  T.  Pim. 
Prof.  Adamson,   R.  E.   Leader,   C. 

Molloy. 
N.  A.  Humphreys,  C.  Molloy. 
C.   Molloy,   W.  W.   Morrell,  J.   P. 

Moss. 

G.  Baden-Powell,  Prof.  H.  S.  Fox- 
well,  A.  Milnes,  0.  Molloy. 

Rev.  W.  Cunningham,  Prof.  H.  8. 
Foxwell,  J.  N.  Keynes,  C.  Molloy. 
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Date  and  Place 


1884. 
1885. 
1886. 
1887. 

1888. 
1889. 
1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 
1898. 


Presidents 


Secretaries 


J 


Montreal ...  Sir  Richard  Temple,  Bart.» 
;     G.C.S.L,  CLE.,  F.K.G.S. 

Aberdeen...  Prof.  H.  Sidgwick,  LL.D., 
I     Litt.D. 

Birmingham 'J.  B.  Martin,  M.A.,  F.S.S. 

Manchester  Robert  Giffen,  LL.D.,V.P.S.S. 


Bath Rt.    Hon.     Lord    Bramwell, 

I     LL.D.,  F.R.8. 
Newcastle-    Prof.  F.  Y.  Edgeworth,  M.A., 

upon-Tyne      F.S.S. 
Leeds   Prof.  A.Marshall,  M. A., F.S.S. 


Cardiff Prof.  W.  Cunningham,  D.D., 

I     D.Sc,  F  S.S. 

Edinburgh  ,Hon.   Sir  C.  W.  Fremantle, 
I     K.C.B. 

I 

Nottingham  Prof.  J.  S.  Nicholson,  D.Sc, 

:      F.S.S. 

I 

Oxford Prof.  C.   F.  Bastable,   M.A., 

F.S.S. 
Ipswich    ...'L.  L.  Price,  M.A 

Liverpool...  I  Rt.  Hon.  L.  Courtney,  M.P.... 


Toronto 
Bristol .. 


Prof.  E.  C.  K.  Gcnner,  M.A. 
J.  Bonar,  M.A.,  LL.D. 


1899.  Dover  H.  Higgs,  LL.B. 

1900.  Bradford  ...  Major  P.  G.  Craigie,  V.P.S.S. 

1901.  Glasgow  ...  Sir  R.  Giffen,  K.C.B.,  F.R.S. 


Prof.  H.  S.  Foxwell,  J.  S.  McLennan, 

Prof.  J.  Watson. 
I  Rev.  W.  Cunningham,  Prof.  H.  S. 

Foxwell,  C.  McCombie,  J.  F.  Moss. 
F.  F.  Barham,  Rev.  \V.  Cunningham, 

Prof.  H.  S.  Foxwell,  J.  F.  Moss. 
Rev.  W.  Cunningham,  F.  Y.  Edge- 
worth,  T.  H.  Elliott,  C.  Hughes, 

J.  E.  C.  Muoro,  G.  H.  Sargant. 
Prof.  F.  Y.  Edgeworth,  T.  H.  Elliott. 

H.  S.  Foxwell,  L.  L.  F.  R  Price. 
Rev.  Dr.  Cunningham,  T.  H.  Elliott, 

F.  B.  Jevons,  L.  L.  F.  R.  Price. 
W.  A.  Brig^,  Rev.  Dr.  Cunningham, 

T.  H.  Elliott,  Prof.  J.  E.  C.  Munro. 

L.  L.  F.  R.  Price. 
Prof.  J.  Brough,  E.  Cannan,  Prof. 

E.  C.  K.  Gonner,  H.  LI.  Smith, 

Prof.  W.  R.  Sorley. 
Prof.  J.  Brough,  J.  R.  Findlay,  Prof. 
I     E.    C.    K.     Gonner,    H.    Higgs, 
I     L.  L.  F.  R.  Price. 
Prof.  E    C.   K.   Gonner,  H.  de   B. 

Gibbics,  J.  A.  H.  Green,  H.  Higgs, 
I     L.  L.  F.  R.  Price. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner 

W.  A.  S.  Hewins,  H.  Higgs. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner, 

H.  Higgs. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner, 

W.  A.  S.  Hewins,  H.  Higgs. 
E.  Cannan,  H.  Higgs,  Prof.  A.  Shortt. 
,E.  Cannan,  Prof.   A.    W.   Flux,  H. 

Higgs,  W.  E.  Tanner. 
A.  L.  Bowley,  B.  Cannan,  Prof.  A. 

\V.  Flux,  Rev.  G.  Sarson. 
A.   L.  Bowley,   E.   Cannan,    S.    J. 

Chipman,  F.  Hooper. 
IW.  W.  Blackie,  A.  L.  Bowley,  E. 

Cannan,  S.  J.  Chapman. 


SECTION  G.— MECHANICAL  SCIENCE. 


1836.  Bristol Davies Gilbert,  D.C.L.,  F.R.S. 

1837.  Liverpool...' Rev.  Dr.  Robinson    

1838.  Newcastle    I  Charles  Babbage,  F.R.S 

1839.  Birmingham '  Prof.  Willis,  F.R.S.,  and  Robt. 

I     Stephenson. 

1840.  Glasgow  ....  Sir  John  Robinson 


1841.  Plymouth 

1842.  Manchester 


1843.  Cork 

1844.  York 

1845.  Cambridge 

1846.  South 'mpt'n 

1847.  Oxford 

1848.  Swansea  ... 

1849.  Birmingham 
1860.  Edinburgh  a 


John  Taylor,  F.R.S 

Rev.  Prof.  WUlis,  F.R.S. 


Prof.  J.  Macneill,  M.R.I.A.... 

John  Taylor,  F.R.S 

George  Rennie,  F.R.S 

Rev.  Prof.  Willis,  M.A.,  F.R.S. 
Rev.  Prof  .Walker,  M.A.,F.R.S. 
Rev.  Prof  .Walker,  M.A.,F.R.S. 
Robt.  Stephenson,  M.P.,F.R.S, 
Rev.  R.  Robinson  ,.,...,, 


;  T.  G.  Bunt,  G.  T.  Clark,  W.  West. 
Charles  Vignoles,  Thomas  Webster, 
R.  Hawthorn,  C.  Vignoles.  T.Webster. 
W.  Carpmael,  William  Hawkes,  T. 

Webster. 
J.  Scott  Russell,  J.  Thomson,  J.  Tod, 

C.  Vignoles. 
Henry  Chatfield,  Thomas  Webster. 
J.  F.  Bateman,  J.  Scott  Russell,  J, 

Thomson,  Charles  Vignoles. 
James  Thomson,  Robert  Mallet. 
Charles  Vignoles,  Thomas  Webster. 
Rev.  W.  T.  Kingsley. 
William  Betts,  jun.,  Charles  Manby. 
J.  Glynn,  R.  A.  Le  Mesurier. 
R.  A.  Le  Mesurier,  W.  P.  Stniv6. 
Charles  Manby,  W.  P.  Marshall. 
Dr.  Lees,  David  Stephenson. 
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Date  and  Place 


1851.  Ipswich 

1852.  Belfast.. 


1858.  Hull 

1854.  Liverpool... 

1855.  Glasgow  ... 

1856.  Cheltenham 

1857.  Dublin 


1858.  Leeds    .... 

1859.  Aberdeen. 


1860.  Oxford 

1861.  Manchester 

1862.  Cambridge . 

1863.  Newcastle  . 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich  ... 


Presidents 


Secretaries 


1869.  Exeter 

1870.  Liverpool... 

1871.  Edinburgh 

1872.  Brighton  ... 

1873.  Bradford  ... 

1874.  Belfast 

1875.  Bristol 

1876.  Glasgow   ... 

1877.  Plymouth... 

1878.  Dublin 

1879.  Sheffield  ... 

1880.  Swansea  ... 

1881.  York 


1882.  Southamp- 

ton. 

1883.  Southport . 

1884.  Montreal ... 

1885.  Aberdeen... 

1886.  Birmingham 


WUliam  Cubitt,F.B.S.... 
John    Walker,    C.E.,   LL.D., 

P.R.S. 
William  Pairbairn,  F.R.S. 
John  Scott  Russell,  F.R.S.  ... 
W.  J.  M.  Rankine,  F.R.S.    ... 

George  Rennie,  F.R.S 

Rt.  Hon.  the  Earl  of  Rosse, 

F.R.S. 
William  Fairbaim,  F.R.S. ... 
Rev.  Prof.  Willis,  M.A.,F.R.S. 

Prof .  W.  J.  Macquom  Rankine, 

LL.D.,  F.R.S. 
J.  F.  Bateman,  C.E.,  F.R.S.... 

William  Fairbaim,  F.R.S. 
Rev.  Prof.  Willis,  M.A., F.R.S. 

J.  Hawkshaw,  F.R.S 

Sir  W.  G.  Armstrong,  LL.D., 

F.R.S. 
Thomas  Hawksley,  V.P.  Inst. 

C.E.,  F.G.S. 
Prof  .W.  J.  Macquom  Rankine, 

LL.D.,  F.R.S. 
G.  P.  Bidder,  C.E.,  F.R.G.S. 

C.  W.  Siemens,  F.R.S 

Chaa.  B.  Vignoles,  C.E.,  F.R,S. 

Prof.  Fleeming  Jenkin,  F.R.S. 
F.  J.  Bramwell,  C.E 

W.  H.  Barlow,  F.R.S 

Prof.  James  Thomson,  LL.D., 

C.E.,  F.R.S.E. 
W.  Froude,  C.E.,  M.A.,  F.R.S. 

C.  W.  Merrifield,  F.B.S 

Edward  Woods,  C.E 

Edward  Easton,  C.E 

J.  Robinson,  Pres.  Inst.  Mech. 

Eng. 

J.Abernethy,  F.R.S.E 

Sir  W.  G.   Armstrong,  C.B., 

LL.D.,  D.C.L.,  F.R.S. 
John  Fowler,  C.E.,  F.G.S.    ... 

J.  Brunlees,  Pres.Inst.C.E. 
Sir  F.  J.  Bramwell,  F.R.S., 

V.P.In8t.C.E. 
B.  Baker,  M.Inst.C.E 

Sir  J.  N.  Douglass,   M.Inst. 
C.E. 


John  Head,  Charles  Manby. 

John  F.  Bateman,  C.  B.  Hancock, 

Charles  Manby,  James  Thomson. 
J.  Oldham,  J.  Thomson,  W.  S.  Ward. 
J.  Grantham,  J.  Oldham,  J.  Thomson. 
L.  Hill,  W.  Ramsay,  J.  Thomson. 
C.  Atherton,  B.  Jones,  H.  M.  Jeffery. 
Prof.  Downing,  W.T.  Doyne,  A.  Tate, 

James  Thomson,  Henry  Wright. 
J.  C.  Dennis,  J.  Dixon,  H.  Wright. 
R.  Abemethy,  P.  Le  Neve  Foster,  H. 

Wright. 
P.  Le  Neve  Foster,  Rev.  P.  Harrison, 

Henry  Wright. 
P.  Le  Neve  Foster,  John  Robinson, 

H.  Wright. 
W.  M.  Fawcett,  P.  Le  Neve  Foster. 
P.  Le  Neve  Foster,  P.  Westmacott, 

J.  F.  Spencer. 
P.  Le  Neve  Foster,  Robert  Pitt. 
P.   Le    Neve    Foster,    Henry    Lea, 

W.  P.  Marshall,  Walter  May. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  M. 

O.  Tarbotton. 
P.  Le  Neve  Foster,  John  P.  Smith, 

W.  W.  Urquhart. 
P.  Le  Neve  Foster,  J.  P.  Iselin,  C. 

Manby,  W.  Smith. 
P.  Le  Neve  Foster,  H.  Bauerman. 
I H.  Bauerman,  P.  Le  Neve  Poster,  T, 

King,  J.  N.  Shoolbred. 
I H.  Bauerman,  A.  Leslie,  J.  P.  Smith. 
iH.  M.  Brunei,  P.  Le  Neve  Poster, 
I     J.  G.  Gamble,  J.  N.  Shoolbred. 
C.  Barlow,H.  Bauerman.  E.H.Carbutt, 
I     J.  C.  Hawkshaw,  J.  N.  Shoolbred. 
A.  T.  Atchison,  J.  N.  Shoolbred,  John 
j     Smyth,  jun. 
W.  R.  Browne,  H.  M.  Brunei,  J.  G. 

Gamble,  J.  N.  Shoolbred. 
|W.  Bottomley,  jun.,  W.  j.   Millar, 
I     J.  N.  Shoolbred,  J.  P.  Smith. 
A.  T.  Atchison,  Dr.  Merrifield,  J.  N. 
I     Shoolbred. 
I  A.  T.  Atchison,  R.  G,  Symes,  H.  T. 

Wood. 
:  A.  T.  Atchison,  Emerson  Bainbridge, 
I     H.  T.  Wood. 
I  A.  T.  Atchison,  H.  T.  Wood. 
A.   T.  Atchison,  J.  P.  Stephenson, 
I     H.  T.  Wood. 

I  A.  T.  Atchison,  P    Churton,  H.  T. 
I     Wood. 

! A.  T.  Atchison,  E.  Rigg,H.  T.Wood. 
lA.  T.  Atchison,  W.  B.  Dawson,  J. 
I  Kennedy,  H.  T.  Wood. 
I  A.  T.  Atchison,  P.  G.  Ogilvie,  B. 
'  Rigg,  J.  N.  Shoolbred. 
C.  W.  Cooke,  J.  Kenwaid,  W.  B. 
I     Marshall,  E.  Bigg. 
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Date  and  Place 


1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
XS93. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 

1884. 
1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 
1895. 
1896. 
1897. 


Manchester 

Bath 

I 

Xewcastle- 
upon-Tjme 
Leeds   ......j 

Cardiflf 

1 
Edinburgh 

Kottingham 

Oxford 

Ipswich    ... 

Liverpool... 

Toronto    ... 

Bristol 

Dover  

Bradford ... 

Glasgow  ... 


Presidents 


SecretarieA 


Prof.  Osborne  Reynolds,  M.A.,< 
LL.D.,  F.B.S.  ' 

W.  H.  Preece,  F.R  S., 
If.Inst.C.E. 

W.  Anderson,  M.Inst.C.E.  ... 

Capt.  A.  Noble,  O.B.,  P.R.S., 

P.R.A.S. 
T.  Forster  Brown,  M.Inst.C.E. 

Prof.  W.  0.  Dnwin,  F.B.S.,j 

M.Inst.C.B. 
Jeremiah  Head,  M.Inst.C.B.) 

F.C.8. 
Prof.    A.    B.    W.    Kennedy, 

P.R.S.,  M.Inst.C.E. 
Prof.  L.  F.  Vernon-Harcourt,  I 

M.A.,  MJnst.C.E.  I 

Sir  Douglas  Fox,  V.P.Inst.C.E. 


G.  F.  Deacon,  M.Inst.C.B. 

Sir   J.  Wolfe-Bvry,  K.O.B., 

F.R.S. 
Sir  W.  White,  K.C.B.,  F.R.S. 

Sir  Alex,  R.  Binnie,  M.Inst. 

C.B. 
B,  E.  Orompton,  M.InstC.E. 


C.  F.  Budenberg,  W^  B»  Mu^hall, 

B.  Bigg. 

C.  W.  Cooke,  W.  B.  Marshall,  B. 

Bigg,  P.  K.  Stothert. 
C.  w:  Cooke,  W.  B.  Marshall,  Hon. 

C.  A.  Parsons,  E.  Rigg. 

E.  K.  Clark,  C.  W.  Cooke,  W.  B. 

MarshaU,  B.  Rigg. 
C.    W.   Cooke,   Prof.  A.  C.  EUiott, 

W.  B.  Marshall,  B.  Rigg. 
C,  W.  Cooke,  W.  B.  Marshall,  W.  C. 

Popplewell,  E.  Rigg. 
0.  W.  Cooke.  W.  B.  Marshall,  B. 

Rigg,  H.  Talbot. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke» 

W.  B.  MarshaU,  Rev.  F.  J.  Smith. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

W.  B.  MarshaU,  P.  G.  M.  Stoney. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

8.  Dunkerley.  W.  B.  MarthaU. 
Prof.  T.  Hudson  Beare,  Prof.  Callen- 

dar,  W.  A.  Price. 
Prof.  T.  H.  Beare,  Prof.  J.  Munro, 

H.  W.  Pearson,  W.  A.  Price. 
Prof.  T.  H.  Beare,  W.  A,  Price.  H. 

£.  Stilgoe. 
Prof.  T.  H.  Beare,  C.  F.  Chamock, 

Prof.  S.  Dunkerley,  W.  A.  Price. 
H.  Bamf  ord,  W.E.  Dalby,  W.  A.  Price. 


SECTION  H.~ANTHROPOLOGY. 


Montreal ...  |  E.  B.  Tylor,  D.O.L.,  F.R.S. ... 
Aberdeen..,  Francis  Galton,  M.A.,  F.R.S. 

Birmingham. Sir    G.    Campbell,    K.C.S.I., 

M.P.,  D.C.L.,  F.R.G.6. 
Manchester  Prof.  A.  H.  Sayqe,  M.A 

Bath Lieut. -General      Pitt- Rivers, 

:     D.C.L.,  F.R.8. 
Newcastle-   Prof.   Sir  W.  Turner,    M.B., 
npon-Tync '      LL.P.,  F.B.8. 

Leeds   Dr.    J.    Evans,   Treas.  R.S., 

F.S.A.,  F.L.8.,  F.G.S. 
Cardiff ! Prof .  F.  Max  MiiUer,  M.A.  ... 

Edinburgh    Prof.    A.    MacaUster,    M.A., 

'     M.D.,  F.R.S. 
Nottingham  Dr.  R.  Munro,  M.A.,  F.R.S.E. 

Oxford I  Sir  W.  H.    Flower,    K.O.B., 

I  F.R.S. 
Ipswich    ...I Prof.  W.  M.  Flinders  Petrie, 

I  D.C.L. 
Liverpool...  'Arthur  J.  Evans,  F.8JL. 

Toronto    ...  Sir  W.  Turner,  F.R.S.  ... 


G.  W.  Blox^m,  W.  Hurst. 

G.  W.  Bloxam,  Dr.  J.  G.  Garson,  W. 

Hurst,  Dr.  A.  Macgregor. 
G.  W.  Bloxam,  Dr.  J.  G.  Garson,  W. 

Hurst,  Dr.  R.  Sauodby. 
G.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 

A.  M.  Paterson. 
G.  W.  Bloxam,  Di.  J.  G.  Garson.  J. 

Harris  Stone. 
G.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 

R.  Morlson,  Dr.  R.  Howden. 
G.  W.  Bloxam,  Dr.  C.  M.  Chadwick, 

Dr.  J.  G.  Garson. 
G.  W.  Bloxam,  Prof.  R.  Howden,  H. 

Ling  Roth,  E.  Seward. 
G.  W.  Bloxam,  Dr.  D.  Hepburn,  Prof. 

R.  Howden,  H.  Ling  Roth. 
G.  W.  Bloxam,  Rev.  T.  W.  Davies, 
I     Prof.  R.  Howden,  F.  B.  Jevons, 

J.  L.  Myres. 
H.  Balfour,  Dr.  J.  G.  Garson,  H.  Ling 

Roth. 
J.  L.  Myres,  Rev.  J.  J.  Raven,  H. 

Ling  Roth. 
Prof.  A.  C.  Haddon,  J.  L.  Myres, 
I     Prof.  A.  M.  Paterson. 
'a.   F.  Chamberlain,  H.  O.  Forbes, 
'     Prof.  A.  C.  Haddoo,  J.  L.  Myns. 
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Date  and  Place 


Presidents 


Secretaries 


1898.  Bristol E.  W.  Brabrook,  C.B.  . 

1899.  Dover  C.  H.  Read,  F.S.A. 

1900.  Bradford  ...,Prof.  John  Rhys,  M.A.. 


1901.  Glasgow  ...I Prof.     D.     J.    Cunningham, 
I     F.R.S. 


H.  Balfour,  J.  L.  Myres,  G.  Parker. 
H.  Balfour,  W.  H.  East,  Prof.  A.  C. 

Haddon,  J.  L.  Myres. 
Elev.  E.  Annitage,  H.  Balfour,  W. 

Crooke,  J.  L.  Myres. 
W.  Crooke,  Prof.  A.  P.  Dixon,  J.  F. 

Gemmill,  J.  L.  Myres. 


SECTION   I.— PHYSIOLOGY  (including  Experimental 
Pathology  and  Experimental  Psychology). 


1894.  Oxford. 


1896.  Liverpool... 

1897.  Toronto  ... 

1899.  Dover  

1901.  Glasgow  ... 


Prof.  E.  A.  Schafer,  F.R.S.,'Prof.  F.  Gotch,  Dr.  J.  S.  Haldane, 


M.R.C.S. 
Dr.  W.  H.  Gaskell,  F.R.S. 
Prof.  Michael  Foster,  F.R.S. 

J.  N.  Langley,  F.R.S. 

Prof.  J.  G.  MoKendrick 


M.  S.  Pembrey. 

Prof.  R.Boyce,  Prof.  0.  S.  Sherrington. 

Prof.  R.  Boyce,  Prof.  C.  S.  Sherring- 
ton, Dr.  L.  E.  Shore. 

Dr.  Howden,  Dr.  L.  E.  Shore,  Dr.  E. 
H.  Starling. 

W.  B.  Brodie,  W.  A.  Osborne,  Prof. 
W.  H.  Thompson. 


SECTION  K.— BOTANY. 


1895.  Ipswich    . 

1896.  Liverpool. 

1897.  Toronto    ., 


1898.  Bristol... 

1899.  Dover  .... 

1900.  Bradford . 

1901.  Glasgow  . 


W.  T.  Thiselton-Dyer,  F.R.S 
Dr.  D.  H.  Scott,  F.R.S 

Prof.  Marshall  Ward,  F.R.S. 

Prof.  F.  O.  Bower,  F.R.S.    .. 

Sir  George  King,  F.R.S 

Prof.  8.  H.  Vines,  F.R.S 

Prof.  I.  B.  Balfour,  F.R.S.  .. 


A.  C.  Seward,  Prof.  F.  B.  Weiss. 
Prof.  Harvey  Gibson,  A.  C.  Seward, 

Prof.  F.  B.  Weiss. 
Prof.  J.  B.  Farmer,  B.   C.  Jeffrey, 

A.  C.  Seward,  Prof.  F.  E.  Weiss. 
A.  C.  Seward,  H.  Wager,  J.  W.  White. 
G.  Dowker,  A.  C.  Seward,  H.  Wager. 
A.  C.  Seward,  H.  Wager.  W.  West. 
G.  F.  Scott  Elliot,  D.  T.  Gwynne- 

Vaughan,  A.  C.  Seward,  H.  Wager. 


SECTION  L.— EDUCATIONAL  SCIENCE. 

1901.  Glasgow  ...  I  Sir  John  E.  Gorst,  F.R.S.    ...  |  B.  A.  Gregory,  W.  M.  Heller,  R.  Y. 

Howie,    C.    W.    Kimmins,   Prof. 
I  1     H.  L.  Withers. 


LIST  OF  EVENING  DISCOURSES. 


Date  and  Place 

Lecturer 

Subject  of  Discourse 

18i2.  Manchester 

Charles  Vignoles,  F.R.S 

Sir  M.  L  Brunei    

The  Principles  and  Construction  of 

Atmospheric  Railways. 
The  Thames  Tunnel. 

R.  L  Murchison 

The  Geology  of  Russia. 

The  Dinomis  of  New  Zealand. 

1843.  Cork 

Prof.  Owen,  M.D.,  F.R.S 

Prof.  E.  Forbes.  F.R.S 

The  Distribution  of  Animal  Life  in 

Dr.  Robinson 

the  ^gean  Sea. 
The  Earl  of  Rosse's  Telescope. 
Geology  of  North  America. 

1814.  York 

Charles  Lyell,  F.R.S 

Dr.  Falconer,  F.R.S 

G.B.Airy,F.R.S.,Astron.Royal 

1845.  Cambridge 

The  Gigantic  Tortoise  of  the  Siwalik 

Hills  in  India. 
Progress  of  Terrestrial  Magnetism. 
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Date  and  Place 


1845. 
1846. 


Cambridge 
Southamp- 
ton. 


Lecturer 


1847.  Oxford. 


R.  L  Murchiflon,  F.R.S.  ., 
Prof.  Owen,  M.D.,  F.R.S. 

Charles  Lyell,  F.R.8 

W.  R.  Grove,  F.R.8 


Rev.  Prof.  B.  Powell,  F.R.8. 
Prof.  M.  Faraday,  F.R.S 


1848. 
1849. 
1850. 


Hugh  E.  Strickland,  F.G.S.... 
Swansea  ...Ijohn  Percy,  M.D.,F.R.S 


Birmingham 
Edinburgh 


1851.  Ipswich 


1852.  Belfast., 


1853.  Hull. 


1854. 

1855. 
1856. 

1857. 
1858. 
1859. 

1860. 
1861. 

1862. 


Liverpool... 
Glasgow  ... 
Cheltenham 


'W.  Carpenter,  M.D.,  F.R.S.... 

Dr.  Faraday,  F.R.8 

Rev.  Prof.  Willis,  M J^.,  F.R.S. 

Prof.  J.  H.   Bennett,   M.D., 
F.R.S.E. 

Dr.  Mantell,  P.R.S 

Prof.  R.  Owen,  M.D.,  F.R.S. 


G.B.Airy,F  JLS.,A8tron.  Royal 
Prof.  G.  G.  Stokes,  D.C.L., 

F.R.S. 
Colonel  Portlock,  R.E.,  F.R.S. 


Prof.J.PhiUips,LL.D.,F.R.S., 
F.G.S. 

Robert  Hunt,  P.R.S 

Prof.  R.  Owen,  M.D.,  F.R.S. 
CoL  E.  Sabine,  V.P.R.S 

Dr.  W.  B.  Carpenter,  F.R.S. 
Lieut. -Col.  H.  Rawlinson    ... 


Dublin, 
Leeds  . 


Col.  Sir  H.  Rawlinson  . 


Aberdeen.. 


Oxford. 


Manchester 


W.  R.  Grove,  F.R,S 

Prof.  W.  Thomson,  F.R.S.  ... 
Rev.  Dr.  Livingstone,  D.C.L. 
Prof.  J.  Phillip8,LL.D.,F.R.S. 
Prof.  R.  Owen,  M.D.,  F.R.S. 
Sir  R.  L  Murchison,  D.C.L... . 
Rev.  Dr.  Robinson,  F.R.S.  ... 


Rev.  Prof.  Walker,  F.R.S.  ... 
Captain  Sherard  Osbom,  R.N. 
Prof .  W.  A.  Miller,  M.A.,  F.R.S. 
G.  B.  Airy,  F.R.S.,  Astron. 
Royal. 

Cambridge    Prof.  Tyndall,  LL.D.,  F.R.S. 
iPtof.  Odling,  F.R.8 


Subject  of  Discourse 


Geology  of  Russia. 
Fossil  Mammalia  of  the  Britbh  Isles. 
Valley  and  Delta  of  the  Mississippi. 
Propertiesof  theExplosiveSubstance 

discovered  by  Dr.  Schonbein ;  also 

some  Researches  of  his  own  on  the 

Decomposition  of  Water  by  Heat. 
Shooting  Stars. 
Magnetic  and  Diamagnetio  Pheno* 

mena. 
The  Dodo  (Didus  in^ptns). 
Metallurgical  Operations  of  Swansea 

and  its  Neighbourhood. 
Recent  Microscopical  Discoveries. 
Mr.  Gassiot's  Battery. 
Transit  of  different  Weights  with 

varying  Velocities  on  Railways. 
Passage  of  the  Blood  through  the 

minute  vessels  of  Animals  in  con- 
nection with  Nutrition. 
Extinct  Birds  of  New  Zealand. 
Distinction    between    Plants    and 

Animals,    and   their  changes  of 

Form. 
Total  Solar  Eclipse  of  July  28, 1851. 
Recent  Discoveries  in  the  properties 

of  Light. 
Recent  Discovery  of   Rock-salt  at 

Carrickfergus,  and  geological  and 

practical  considerations  connected 

with  it. 
Some  peculiar  Phenomena  in  the 

Geology  and  Physical  Geography 

of  Yorkshire. 
The  present  state  of  Photography. 
Anthropomorphous  Apes. 
Progress  of  Researches  in  Terrestrial 

Magnetism. 
Characters  of  Species. 
Assyrian  and  Babylonian  Antiquities 

and  Ethnology. 
Recent  Discoveries  in  Assyria  and 

Babylonia,  wiUi  the    results  of 

Cuneiform   Research   up   to  the 

present  time. 
Correlation  of  Physical  Forces. 
The  Atlantic  Telegraph. 
Recent  Discoveries  in  Africa. 
The  Ironstones  of  Yorkshire. 
The  Fossil  Mammalia  of  Australia. 
Geology  of  the  Northern  Highlands. 
Electrical    Discharges    in    highly 

rarefied  Media. 
Physical  Constitution  of  the  Sun. 
Arctic  Discovery. 
Spectrum  Analysis. 
The  late  Eclipse  of  the  Sun. 

The  Forms  and  Action  of  Water. 
Organic  Chemistry. 
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Date  and  Place 


1863.  Newcastle 


1864 
1865. 

Bath 

Birmingham 

1866. 

Nottingham 

1867. 

Dundee 

1868. 

Norwich  ... 

1669. 

Exeter  

1870 

Liverpool... 

1871. 

Edinburgh 

1872. 

Brighton  ... 

1873. 

Bradford  ...  • 

1874. 

Belfast 

1875. 

Bristol ...... , 

1876. 

Glasgow   ... 

1877. 

Plymouth... 

1878. 

Dublin  ' 

1879. 

Sheffield  ... 

1880. 

Swansea  ...  i 

1881. 

York ' 

Lecturer 


Prof.  Williamson,  F.R.S 


James  Glaisher,  F.R.S... 

Prof.  Roscoe,  F.R.S 

Dr.  Livingstone,  F.R.S. 
J.  Beete  Jukes,  F.R.8.... 


William  Huggins,  F.R.8.. 


Dr.  J.  D.  Hooker,  F.R.8 

Archibald  Geikie,  F.R.S 

Alexander  Herschel,  F.R.A.S. 

J.  Fergusson,  F.R,S 


Dr.  W.  Odling,  F.R.S 

Prof.  J.  Phillips,  LL.D.,F.R.8. 
J.  Norman  Lockyer,  F.R.S.  .. 

Prof.  J.  TyndaU,LL.D.,  F.R.S. 

Prof .  V/".  J.  Macquom  Rankine, 

LL.D.,  F.R.S. 
F.  A.  Abel,  F.R.S.. 

E.  B.  Tylor,  F.R.S.   ..., 

Prof.  P.  Martin  Duncan,  M.B., 

F.R.8. 
Prof.  W.  K.  Clifford 


Subject  of  Discourse 


Prof.  W.  C.Williamson,  F.R.8. 
Prof.  Clerk  Maxwell,  F.R.S. 
Sir  John  Lubbock,  Bart.,M.P., 

F.R.S. 
Prof.  Huxley,  F.R.S 

W.Spottiswoode,LL.D.,F.R.S. 

F.  J.  Bramwell,  F.R.S 

Prof.  Tait,  F.R.S.E 

SirWyville  Thomson,  F.R.S. 
W.  Warington  Smyth,  M.A., 

F.R.6. 
Prof.  Odling,  F.R.S 

G.  J.  Romanes,  F.L.8 

Prof.  Dewar,  F.R.S 

W.  Crookes,  F.R.S 

Prof.  E.  Ray  Lankester,  F.R.S. 
Prof  .W.Boyd  Dawkins,  F.R.S. 

Francis  Galton,  F.R.S 

Prof.  Huxl^,  Bee.  R.8 

'  W.  Spottiswoode,  Pres.  R.S.... 


The  C*hemistryof  the  Galvanic  Pat- 
tery  considered  in  relation  to 
Dynamics. 

The  Balloon  Ascents  made  for  the 
British  Association. 

The  Chemical  Action  of  Light. 

Recent  Travels  in  Africa. 

Probabilities  as  to  the  position  and 
extent  of  the  Coal-measures  be- 
neath the  red  rocks  of  the  Mid- 
land Coimties. 

The  results  of  Spectrum  Analysis 
applied  to  Heavenly  Bodies. 

Insular  Floras. 

The  Geological  Origin  of  the  present 
Scenery  of  Scotland. 

The  present  state  of  Knowledge  re- 
garding Meteors  and  Meteorites. 

Arcliieology  of  the  early  Buddhist 
Monuments. 

Reverse  Chemical  Actions. 

Vesuvius. 

The  Physical  Copstitution  of  the 
Stars  and  Nebulae. 

The  Scientific  Use  of  the  Imagina- 
tion. 

Stream-lines  and  Waves,  in  connec- 
tion with  Naval  Architecture. 

Some  Recent  Investigations  and  Ap- 
plications of  Explosive  Agents. 

The  Relation  of  Primitive  to  Modem 
Civilisation. 

Insect  Metamorphosis. 

The  Aims  and  Instruments  of  Scien- 
tific Thought. 

Coal  and  Coal  Plants. 

Molecules. 

'  Common  Wild  Flowers  considered 
I     in  relation  to  Insects. 
'The   Hypothesis  that  Animals  are 
j     Automata,  and  its  History. 
j  The  Colours  of  Polarised  Light." 
I  Railway  Safety  Appliances. 
!  Force. 

!  The  *  Challenger  *  Expedition. 
'  Physical  Phenomena  connected  with 
;     the  Mines  of  Cornwall  and  Devon. 
j  The  New  Element,  Gallium. 
!  Animal  Intelligence. 

Dissociation,  or   Modem  Ideas  of 
'     Chemical  Action. 
I  Radiant  Matter. 
,  Degeneration. 

Primeval  Man. 

Mental  Imagery. 

i  The  Rise  and  Progress  of  Palaeon* 
tology. 

The  Electric  Discharge,  its  Forms 
!     and  its  Functions. 
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Date  and  Place 


1882. 
1883. 


South  amp- 
ton. 
Southpoit 


1884.  Montreal. 


1885.  Aberdeen.. 


1886. 
1887. 
1888. 

1889. 

1890. 
1891. 

1892. 
1893. 


Birmingham 
Manchester 
Bath 


Lecturer 


Prof.  Sir  Wm.  Thomson,  F.R.S. 
Prof.  H.  N.  Moseley,  F-R.S. 
Prof.  R.  S.  Ball,  F.R.S 


Newcastle- 
upon-Tyne 


Leeds   .., 
Cardiff.. 


Prof.  J.  G.  McKendrick 

Prof.  0.  J.  Lodge,  D.Sc 

Rev.  W.  H.  Dallinger,  F.R.S. 


Prof.  W.  G.  Adams,  F.R.S. ... 

John  Murray,  F.R.S.E 

A.  W.  Rucker,  M.A.,  F.R.S. 
Prof.  W.  Rutherford,  M.D. .. 
Prof.  H.  B.  Dixon,  F.R.S.    .. 

Col.  Sir  F.  de  Winton 

Prof.  W.  E.  AjTton,  F.R.S. .. 


Edinburgh 
Nottingham 


1894.  Oxford 


189y.  Ipswich 


1896. 

Liverpool... 

1897. 

Toronto    ... 

1898. 

Bristol 

1899. 

Dover  

Subject  of  Discourse 


Prof.  T.  G.    Bojipey,   D.Sc, 

F.R.S. 
Prof.  W.  C.  Roberts-Austen, 

F.R.S. 
Walter  Gardiner,  M.A 


E.  B.  Poulton,  M.A.,  F.R.S.... 
Prof.  C.  Vernon  Boys,  F.R.S. 
ProtL.  C.  Miall,F.L.S.,F.G.S 

Prof .  A.W.  Rucker,  M.A.,F.R.S 
Prof.  A.  M  Marshall,  F.R.S. 
Prof.  J.A.Ewing,M.A.,  F.R.S 
Prof.  A.  SmithelJs.  B.Sc. 
Prof.  Victor  Horsley,  F.R.S. 

J.  W.  Gregory,  D.Sc,  F.G.S. 

Prof.  J.Shield  Nicholson,  M.A. 

Prof.  S.  P.  Thompson,  F.R.S. 
Prof.    Percy    F.    Frankland, 
F.R.S. 

Dr.  F.  Elgar,  F.R.S 

Prof.  Flinders  Petrie,  D.C.L. 
Prof.  Roberts  Austen,  F.R.S. 

J.  Milne,  F.R.S 

Prof.  W.  J.  Sollas,  F.R.S.      .. 


Herbert  Jackson  

Prof.  Charles  Richet 

Prof.  J.  Fleming,  F.R.S. 


1900.  Bradford  ...  Prof.  F.  Gotch,  F.R.S. .. 
Prof.  W.  Stroud 


1901.  Glasgow  ... 


Prof.  W.  Ramsay,  F.R.S 

F.  Darwin,  F.R.S 


Tides. 

Pelagic  Life. 

Recent  Researches  on  the  Distance 

of  the  Sun. 
Galvanic  and  Animal  Electricity. 
Dust. 

The     Modem    Microioope    in    Re- 
searches on  the  Least  and  Lowest 
Forms  of  Life. 
The  Electric  Light  and  Atmospheric 

Absorption. 
The  Great  Ocean  Basins. 
Soap  Bubbles. 
The  Sense  of  Hearing. 
The  Rate  of  Explosions  in  Gases. 
Explorations  in  Central  Africa. 
The     Electrical     Transmission     of 

Power. 
The  Foundation  Stones  of  the  Earth's 

Criist. 
Tlie  Hardening  and  Tempering  of 

Steel. 
How  Plants  maintain  themselves  in 

the  Struggle  for  Existence. 
Mimicry. 

Quartz  Fibres  and  their  Applications. 
Some    Diffculties  in  the    Life  of 

Aquatic  Insects. 
Electrical  Stress. 
Pedigrees. 

Magnetic  Induction. 
Flame. 
The  Discovery  of  the  Physiology  of 

the  Nervous  System. 
Experiences     and      Prospects     of 

African  Exploration. 
Historical  Progress  and  Ideal  So- 
cialism. 
Magnetism  in  Rotation. 
The  Work  of  Pasteur  and  its  various 

Developments. 
Safety  in  Ships. 
Man  before  Writing. 
Canada's  Metals. 
Earthquakes  and  Volcanoes. 
Funafuti:   the    Study  of    a    Coral 

Island. 
Phosphoreicence . 
La  vibration  nerveuse. 
The    Centenary    of     the     Electric 
Current. 


.  Animal  Electricity. 
.  Range  Finders. 
.  I  The    Inert     Constituents 
1     Atmosphere. 
.!  The  Movements  of  Plants. 
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LECTURES  TO  THE   OPERATIVE   CLASSES. 


Date  and  Place 


1867. 
1868. 
1869. 


1870. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1879. 
1880. 
1881. 

1882. 

1883. 
1884. 
1886. 
1886. 

.1887. 
1888. 
1889. 

1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 


1900. 
1901. 


Dundee... 
Norwich 
Exeter  ... 


Liverpool . 
Brighton  . 
Bradford  . 
Belfast.... 
Bristol  .... 
Glasgow  . 
Plymouth . 
Sheffield  . 
Swansea  . 
York 


Southamp- 
ton. 
Southp:ir 
Montreal ... 
Aberdeen... 
Birmingham 

Manchester 

Bath 

Newcastle- 
upon-Tyne 

Leeds   

Cardiff 

Edinburgh 
Nottingham 

Oxford 

Ipswich  ... 
Liverpool... 
Toronto  ... 
Bristol 


Bradford ... 
Glasgow  ... 


Lecturer 


Prof.  J.  Tyndall,  LL.D.,F.R.S. 
Prof.  Huxley,  LL.D.,  F.R.S. 
Prof.  Miller,  M.D.,  F.R.S.   ... 


SirJohnLubbock,Bart.,F.R.S. 
W.Spottiswoode,LL.D.,F.R.S. 
C.  W.  Siemens,  D.C.L.,  F.R.S. 

Prot  Odling,  F.R.S 

Dr.  W.  B.  Carpenter,  F.R.S. 
Commander  Cameron,  C.B.... 

W.  H.  Preece 

W.  E.  Ayrton     

H.  Seebohm,  F.Z.S 

Prof.      Osborne      Reynolds, 

F.R.S. 
John  Evans,  D.C.L.,Treas.R.S. 

Sir  F.  J.  Bramwell,  F.R.S.  ... 

Prof.  R.  S.  Ball,  F.R.S 

H.  B.  Dixon,  M.A 

Prof.  W.  C.  Roberts-Austen, 

F.R.S. 
Prof.  G.  Forbes,  F.R.S. 
SirJohn  Lubbock,Bart.,F.R.S. 
B.  Baker,  M.Inst.C.B 

Prof.  J.  Perry,  D.Sc,  F.R.S. 
Prof.  S.  P.  Thompson,  F.R.S. 
Prof.  C.  Vernon  Boys.  F.R.S. 

Prof.  Vivian  B.  Lewes 

Prof.  W.  J.  Sollas,  F.R.S.    ... 

Dr.  A.  H.  Fison 

Prof.  J.  A.  Fleming,  F.R.S.... 

Dr.  H.  O.  Forbes   

Prof.  E.  B.  Poulton,  F.R.S. 


Subject  of  Discouree 


Prof.  S.  P.  Thompson,  F.R.S. 
H.  J.  Mackinder,  M.A 


Matter  and  Force. 

A  Piece  of  Chalk. 

The  modes  of  detecting  the  Com- 
position of  the  Sun  and  other 
Heavenly  Bodies  by  the  Spectrum. 

Savages. 

Sunshine,  Sea,  and  Sky. 

Fuel. 

The  Discovery  of  Oxygen. 

A  Piece  of  Limestone. 

A  Journey  through  Africa. 

Telegraphy  and  the  Telephone. 

Electricity  as  a  Motive  Power. 

The  North-East  Passage. 

Raindrops,  Hailstones,  and  Snow- 
flakes. 

Unwritten  History,  and  how  to 
read  it. 

Talking  by  Electricity— Telephones. 

Comets. 

The  Nature  of  Explosions. 

The  Colours  of  Metals  and  their 
Alloys. 

'  Electric  Lighting. 

The  Customs  of  Savage  Races. 

The  Forth  Bridge. 

Spinning  Tops. 

Electricity  in  Mining. 

Electric  Spark  Photographs. 

Spontaneous  Combustion. 

Geologies  and  Deluges. 

Colour. 

The  Earth  a  Great  Magnet. 

New  Guinea. 

The  ways  in  which  Animals  Warn 

their  enemies  and  Signal  to  their 

friends. 
Electricity  in  the  Industries. 
The  Movements  of  Men  by  Land 

and  Sea. 
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OFFICERS   OF   SECTIONAL  COMMITTEES   PRESENT  AT 
THE  GLASGOW  MEETING. 

SECTION   A. — MATHEMATICAL   AND   PHYSICAL   SCIENCE. 

/^re^wfew^.— Major  P.  A.  MacMahon,  F.R.S.,  F.R.A.S. 
Vice-Presidents.— Vvoi,  A.  Gray,  LL.D.,  F.R.S.  ;  Prof.  A.  G.  GreenhiU, 

F.R.S.  ;  E.   H.  Griffiths,  M.A.,   F.R.S.  ;  Prof.  W.   Jack,   LL.D.  ; 

Lord  Kelvin,   F.R.S.  ;    Joseph   Larmor,    D.Sc,   F.R.S.  ;    Prof.   G. 

Mittag-Leffler,  For.  Mem.  R.S.  ;  Prof.  G.  Quincke,  For.  Mem.  R.S.  ; 

Prof.  H.  H.  Turner,  F.RS. 
Secretaries, — H.  S.  Carslaw,  M.A.,  D.Sc. ;  C.  H.  Lees,  D.Sc.  (Recorder) ; 

W.  Stewart,  M.A.,  D.Sc. ;  Prof.  L.  R.  Wilberforce,  M.A. 

SECTION  B. — CHEMISTRY. 

President,— Vrot  Percy  F.  Frankland,  F.R.S. 

Vice-Presidents. — Dr.  E.  Divers,    F.R.S. ;    Prof.    J.   Fergusson,    LL.D., 

F.R.S.E. ;  Prof.  W.  H.  Perkin,  F.R.S.  ;  Prof.  James  Walker,  F.R.S. ; 

Dr.   T.  E.  Thorpe,  F.R.S. ;  Dr.  W.   A.  Tilden,  F.R.S. ;  Prof.   A. 

Michael ;  Prof.  E.  W.  Morley. 
Secretaries. — Dr.  W.  C.  Anderson,  M.A. ;  Dr.  G.  G,  Henderson,  M.A. ; 

Prof.  W.  J.  Pope  ;  Dr.  T.  K.  Rose  {Recorder). 

SECTION  C. — GEOLOGY. 

President.—^ ohn  Home,  F.R.S.,  F.R.S.E.,  F.G.S. 

Vice-Presidents.— Vrot  Lapworth,  F.R.S. ;  Prof.  A.  F.  Renard,  LL.D. ; 

B.  N.  Peach,  F.R.S. ;  Prof.  W.  J.  Sollas,  M.A.,  F.R.S.  ;  Prot  John 

Young,  M.D. 
Secretaries. — Herbert  L.  Bowman,  M.A. ;  H.  W.  Monckton  {Recorder). 

SECTION  D. — ZOOLOGY. 

President.— Ftoi.  J.  Cossar  Ewart,  M.D.,  F.R.S. 

Vice-PresideTUs.—Vroi.  T.  W.  Bridge ;  Prof.  W.  A.  Herdman,  F.R.S. ; 

Prof.  G.  B.  Howes,  F.RS. ;  Prof.  W.  C.  Mcintosh,  F.RS. ;  Prof. 

M.  Laurie,  D.Sc. ;   Prof.   L.    C.  Miall,   F.R.S. ;    R.   H.   Traquair, 

LL.D.,  F.RS. ;  Canon  Tristram,  F.RS. 
Secretaries. — J.  Graham  Kerr,  M.A.  {Recorder)  ;  James  Rankin,  M.B., 

B.Sc. ;  J.  Y.  Simpson,  D.Sc. 

SECTION   B. — GEOGRAPHY. 

President.— Dr.  H.  R  Mill,  F.RS.E.,  F.R.G.S. 

Vice-Presidents.— J.  Scott  Keltie,  LL.D.  ;  H.  J.  Mackinder,  M.A.  ;  E.  G. 

Ravenstein  ;  Rev.  Prof.  George  Adam  Smith,  D.D. 
Secretaries.— B..   N.   Dickson,     B.Sc.,    F.RS.E.,    F.R.G.S.   {Recorder); 

Edward  Heawood,   M.aI,  F.R.G.S.;    G.   Sandeman ;    A.    Crosby 

Turner. 


Digitized  by 


Google 


Ixxviii  REPORT — 1001. 

SECTION   P. — ECONOMIC   SCIENCE   AND   STATISTICS. 

PresidenL—Sir  Robert  Giflfen,  K.C.B.,  F.R.S. 

Vice-Presidents. — J.  Bonar,  LL.D.  ;  Rev.  W.  Cunningham,  D.D.,  LL.D.  ; 

Major  P.  G.  Craigie,  V.P.S.S. ;  L.  L.  Price,  M.A.  ;  Prof.  W.  Smart, 

LL.D. 
Secretaries. — W.  W.  B]ackie,  B.Sc. ;  A.  L.  Bowley,  M.A.  ;  E.  Cannan, 

LL.D.  {Recorder)  ;  Prof.  S.  J.  Chapman,  M.A. 

SECTION   G. — ENGINEERING. 

Prc^en^.— Colonel  R.  E.  Crompton,  M.Inst. C.E. 

Vice-Presidents.— l^rot  Archibald   Barr,    D.Sc,    M.InstC.E.  ;    Prof.  T. 

Hudson  Beare,   F.R.S.E.,  M.InstC.E. ;   Sir  Alexander   R.  Binnie, 

M.Inst.C.E.,  F.G.B.  ;    Robert  Caird,   LL.D.  ;   H.    Graham  Harris, 

M.Inst.C.E. 
Secretaries.— Karry  Bamford,  M.Sc.  ;  Prof.  W.  E.  Dalbjr,  M.A. ;  W.  A. 

Price,  M.A.  {kecorder). 

SECTION  H. — ANTHROPOLOGY. 

President.— Trot  D.  J.  Cunningham,  M.D.,  D.Sc,  F.fe.S. 
Vice-Presidents.— K.  Balfour,  M.A.  ;  Prof.  J.  Cleland,  M.D.,  F.R.S. 
Secretaries.— ViT.   Crooke ;    J.   P.  Gemmill,   M.A.,    M.D. ;    Prof.  A.   F. 
Dixon,  ScD. ;  J.  L.  Myres,  M.A.,  F.S.A.  (Recorder). 

SECTION  1. — PHYSIOLOGY. 

President.— Trot  J.  G.  M*Kendrick,  M.D.,  LL.D.,  F.R.S. 
Vice-Presidents.— Prot  A.  E.  Sohafer,  F.R.S. ;  Prof.  C.  S.  Sherrington, 

M.D.,   F.R.S.  ;   Sir    M.   Foster,   K.C.B.,   M.P.,   Sec.R.S. ;   Sir    J. 

Burdon  Sanderson*  Bart.,  F.R.S.  ;  Prof.  F.  Gotch,  F.R.S. 
Secretaries.— W.  B.  Brodie,  M.B. ;  W.  A.  Osborne,  D.Sc. ;  Prof.  W.  H. 

Thompson,  M.D.  {Recorder). 

SBCTIOK   K. — BOTANY. 

President.— l^rof.  I.  Bayley  Balfour,  F.R.S. 

Vice-Presidents.— Vrot  F.  O.  Bower,  F.R.S. ;  F.  Darwin,  F.R.S. ;   Dr. 

D.  H.  Scott,  F.R.S. ;  Prof.  J.  W.  H.  Trail,  F.R.S. ;  Prof.  Marshall 

Ward,  F.R.S. 
Secretaries.^A.  C.  Seward,  F.R.S.  (Recorder)  ;  Prof.  G.  F.  Scott  Elliot ; 

D.  T.  Gwynne-Vaughan ;  Harold  Wager. 

SECTION   L. — EDUCATIONAL  SCIBNOB. 

President— The  Right  Hon.  Sir  John  E.  Gorst,  K.C.,  M.P.,  J'.R.S. 
Vice-Presidents.— Frot  H.  E.  Armstrong,  F.R.S.  ;  Dr.  J.  H.  Gladstone, 

F.R.S. ;   Prof.    L.   C.   Miall,  F.R.S. ;    Prof.   John   Perry,   F.R.S.  ; 

The  Very  Rev.  Principal  Story,  D.D. ;  Sif  John  Neilson  Cuthbertson, 

LL.D.,  D.L.  ;  Sir  Philip  Magnus. 
SecretoHes.-l^rot.  R.  A.   Gregory ;  W.  M.  Heller,  B.So. )    Robert  Y. 

Howie,  M.A.  ;  Dr.  C.  W.  Kimmins ;  Prof.   H.  L.  Withers,  M.A. 

(iiecorder). 
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COMMITTEE  OF  RECOMMENDATIONS. 

The  President ;  the  Vice-Presidents  of  the  Meeting  ;  the  Presidents  of 
former  years ;  the  Trustees ;  the  General  and  Assistant  General 
Secretaries  ;  the  General  Treasurer. 

The  Presidents  of  the  Sections. 

Prof.  A.  R.  Forsyth  ;  Prof.  Schuster ;  Prof.  H.  H.  Turner;  Dr.  Thorpe  ; 
Prof.  Harold  Dixon  ;  W.  Whitaker  ;  G.  W.  Lamplugh  ;  Prof.  Miall ; 
W.  E.  Hoyle ;  Dr.  J.  Scott  Keltie ;  E.  W.  Brabrook  ;  E.  Cannan ; 
Sir  W.  H.  Preece ;  Prof.  T.  H.  Beare  ;  H.  Balfour ;  J.  L.  Myres  ; 
Prof.  F.  Gotch  ;  Prof.  Waymouth  Reid ;  Prof.  F.  O.  Bower ;  Prof. 
Marshall  Ward ;  Prof.  H.  E.  Armstrong  ;  Dr.  C.  W.  Kimmins  ; 
P.  W.  Rudler. 
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Pr.  THE  GENERAL  TREASURER'S  ACCOUNT, 

1900-1901.  RECEIPTS. 

Balance  brought  forward 713  6  6 

Life  Compositions  (including  Transfers)  267  0  0 

New  Annual  Members' Subscriptions 110  0  0 

Annual  Subscriptions 557  0  0 

Sale  of  Associates' Tickets 794  0  0 

Sale  of  Ladies*  Tickets  481  0  0 

Sale  of  Publications   147  2  6 

Sale  of  Consols 999  8  6 

Dividend  on  Consols  190  3  2 

Dividend  on  India  3  per  Cents 102  12  0 

Interest  on  Deposit  at  Bradford  District  Hank 37  6  11 

Unexpended  Balance  of  Grant  returned  by  CoiLmittee  on 

Electrolytic  Quantitative  Analysis 3  8  4 


£920  17    9 

£      <.  d. 

Consols    6601  10    5 

India  3  per  Cents    3600    0    0 

£10.101  10    5 

G.  Cabby  Fostbb,  Oeneral  Treaturer. 
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GENERAL  TREASURER'S  ACCOUNT.  IxXXl 

from  July  2,  1900,  to  June  29,  1901.  Or. 

1900-1901.  EXPENDITURE. 

£     t.     d. 
Expenses  of  Bradford  Meeting,  including  Printing,  Adver- 
tising, Payment  of  Clerks,  &c.  &c 131     1     4 

Bent  and  OfiSce  Expenses  56  7  8 

Salaries 515  0  0 

Printing,  Binding,  &c 1096  7  9 

Payment  of  Grants  made  at  Bradford : 

£  s.  d. 

Electrical  standards 45  0  u 

Sdionologrlcal  Observations 75  0  0 

Ware-length  Tables 414  0 

Isomorphons  Sulphonio  Derivatires  of  Ben^ne 35  0  0 

Life-zoues  in  British  Carboniferous  Rocks    SO  0  0 

Underground  Water  of  North-west  Yorkslilre    60  0  0 

Exploration  of  Irish  Cares 15  0  0 

l^ble  at  the  Zoological  Station,  Naples 100  0  0 

Table  at  the  Biological  Laboratory,  Plymouth 20  0  0 

Index  Gencnun  et  Specierum  Animalium 75  0  0 

Migration  of  Birds    10  0  0 

Terrestrial  Surface  Wares "6  0  0 

Changes  of  Land-level  in  the  Phlegraean  Fields 60  0  0 

Legiklation  regulating  Women's  Labour   16  0  0 

Small  Screw  (Jauge 45  0  0 

Besistance  of  BmA  Vehicles  to  Traction  75  0  0 

Sllchester  Excavation 10  0  0 

Ethnological  Surrey  of  Canada 30  0  0 

Anthropological  Teaching 5  0  0 

Exploration  in  Crete    146  0  0 

Physiological  Effects  of  Peptone 30  0  0 

Chemistry  of  Bone  Marrow   6  15  11 

Suprarenal  Capsules  in  the  Rabbit 5  0  0 

Fertilisation  in  PhiEophyoesB 15  0  0 

Morphology,  Ecology,  and  Taxonomy  of  PodostemaceflB  20  0  0 

Corresponding  Societies  Committee 15  '0  0 


920     9  11 


In  hands  of  General  Treasurer : 
At  Bank  of  England,  Western  Branch  £357    5    8 

Z^M  Cheques  not  presented  211  11    4 

145  14    4 

On  Deposit  at  Bradford  District  Bank  15.32    3    1 

Cash  6  13    8 


1C84  11 


£4403  17    9 


I  have  examined  the  above  Account  with  the  books  and  vouchers  of  the  Associa- 
tion, and  certify  the  same  to  be  correct.  I  have  also  verified  the  balance  at  the 
Bankers',  and  have  ascertained  that  the  Investments  are  registered  i|i  thp  n^pies 
of  the  Trustees. 

Approved —  W.  B.  Keek,  Chartered  Acoonnt(int, 

E.  W.  Bbabbook,     I  j^.^  ^,         3  Church  Court,  Old  Jewry,  E.O 

HobaobT.  B^WIf,;^^7f^'*  J«Zy  26, 1901.  '    ' 

1901.  e 
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Table  showing  the  Attendance  and  Receipts 


Date  of  Meeting 


1831,  Sept.  27.. 

1832,  June  19.. 
I  1833,  June  25 .. 
'  1834,  Sept.  8  .. 
I  1885,  Aug.  10  .. 
I  1836,  Au jr.  22.. 
I  1837,  Sept.  11.. 

1838,  Aug.  10.. 

1839,  Aug.  26 .. 

1840,  Sept.  17.. 
IWl,  July20  .. 

I  1842,  June  23  . 
,  1»43,  Aug.  17  .. 
I  1844,  Sept.  26  .. 
,  1845,  June  19.. 
\  1846,  Sept.  10 
1  1847,  June  23.. 

lg48,Aug.9   .. 

1849,  Sept.  12.. 
'  1850,  July  21  .. 
I  1851,  July  2 

1852,  Sept.  1  .. 
1  1853,  Sept.  8   .. 

1854,  Sept.  20 .. 

1855,  Sept.  12 .. 

1856,  Aug.  6  .. 

1857,  Aug.  26  .. 

1858,  Sept.  22.. 

1859,  Sept.  14 .. 

1860,  June  27.. 

1861,  Sept.  4  .. 

1862,  Oct.  1  .. 

1863,  Aug.  26 .. 

1864,  Sept.  13.. 

1865,  Sept.  6  .. 

1866,  Aug.  22.. 

1867,  Sept.  4  .. 

1868,  Aug.  19 .. 

1869,  Aug.  18 .. 

1870,  Sept.  14.. 

1871,  Aug.  2  .. 
18  72.  Aug.  14.. 

1873,  Sept.  17 .. 

1874,  Aug.  19 .. 

1875,  Aug.  26.. 

1876,  Sept.  6  .. 

1877,  Aug.  16 .. 

1878,  Aug.  14.. 

1879,  Aug.  20 .. 

1880,  Aug.  25 .. 

1881,  Aug.  31 .. 

1882,  Aug.  23 ,. 

1883,  Sept.  19 .. 

1884,  Aug.  27.. 
1886,  Sept.  9  .. 

1886,  Sept.  1  .. 

1887,  Aug.  31 .. 

1888,  Sept.  6  .. 

1889,  Sept.  11 .. 

1890,  Sept.  3  .. 

1891,  Aug.  19 .. 

1892,  Aug.  3  ,. 

1893,  Sept.  13.. 

1894,  Aug.  8  .. 

1895,  Sept.  11.. 

1896,  Sept.  16.. 

1897,  Aug.  18.. 

1898,  Sept.  7  .. 

1899,  Sept.  13.. 

1900,  Sept.  6  .. 

1901,  Sept.  11.. 


Where  held 


Presidents 


York  The  Earl  Fitzwilliam,  D.C.L.,  F.R.S.I 

Oxford  The  Rev.  W.  Bucklftod,  F.R.S.  ' 

Cambridge    The  Rer.  A.  Sedgwick,  F.R.S ' 

Edinburgh    Sir  T.  M.  Brisbane.  D.C.L.,  F.R.S.  ... 

Dublin   The  Rev.  Provost  Lloyd,LL.D.,F.R.S. 

Bristol   The  Marquis  of  Lan9downe,F.R.S.... , 

Liverpool The  Earl  of  Burlington,  F.R.S 

Newcastle-on-Tyue. . .    The  Duke  of  Northumberland,  P.R.S. 

Birmingham    Tlie  Rev.  W.  Vern.  .n  Harcourt,  F.Rii. 

Glasgow '  The  Marquis  of  Breadalbane.  F.ILS.  1 

Plymouth The  Rev.  W.  Whewell,  F.R.S.     

Manchester  I  The  Lord  Francis  Egerton,  F.G.S    ... 

Cork  The  Earl  of  Rosse,  F  JI.S | 

York  '  The  Rev.  G.  Peacock,  D.D.,  F.R.S. 


Cambridge 

Southampton  

Oxford  , 

Swansea , 

Birmingham    

Edinburgh    

Ipswich 

Belfast  

Hull   , 

Liyerpool , 

Glasgow 

CheltcnhaJm 

Dublin  , 

Leeds 

Aberdeen 

Oxford  

Manch^ter , 

Cambridge , 

Newcastle-on-l^e. . 

Bath  _.., 

Blrmingh^ ,.... 

Nottingham 

Dundee 

Norwich    

Exeter    

Liverpool  

Edinburgh    , 

Brighton  , 

Bradford  , 

Belfast  

Bristol   

Glasgow    , 

Plymouth , 

Dublin   

Sheffield 

Swansea 

York  

Southampton  

Southport 

Montreal  

Aberdeen  

Birmingham    

Manchester 

Bath  

N  ewcastle-on-Tyne. . 

Leeds 

Oardift  

Edinburgh    

Nottingham 

Oxford   

Ipswich 

Liverpool  

Toronto 

Bristol   

Dover 

Bradford  

Glasgow 


Sir  John  F.  W.Herschel,  Bart..F.RS. 
Sir  Roderick  LMurchison3art.,FJt.S. 
Sir  Robert  H.  Inglis,  Bart.,  FJR.S.  ... 
TheMarquis  of  Northampton,PrP8.R.S. 
The  Rev.  T.  R.  Robinson,  D.D..  F.R.S. 

Sir  David  Brewster,  KB.,  FJI.S. 

G.  B.  Airy,  Astronomer  Royal,  FJI.S. 

Lieut.-General  Sabine,  F.R.8 , 

William  Hopkins.  F.R.S. 

The  Earl  of  Harrowby,  FJI.S 

The  Duke  of  Argyll,  EJUS 

Prof.  G.  G.  B.  Daubeny,  MJ).,  F.R.S.... 

The  Rev.  H.  Lloyd.  D.D.,  FJt.S 

Richard  Owen,  ILD.,  D.O.L.,  F.R.a... 

9.R.H.  The  Prince  Consort  

Tlie  Lord  Wrottosley,  M.A.,  F.R.S.  ... 

William  Falrbaim,  LL.D.,  F.R.S. 

The  Rev.  Professor  Wllll8,M^n^.R^. 
SirWilliam  G.  Armstrong.CB.,  FJl,S. 
Sir  Charles  Lyell,  Bart.,  M.A^  F.R.S. 
Prof.  J.  Phillips,  M.A..  LLJ)..  FJI.S, 

WiUiam  R.  Grove,  Q.C.,  FJI.S 

The  Dukeof  Buocleuch,  K.0.B.,F.R.8. 

Dr.  Joseph  D.  Hooker.  F.R.S 

Prof.  G.G.  Stokes,  D.G.L.,  F  R.S 

Prof.  T.  H.  Huxley,  LL.D.,  FJLS.  ... 
Prof.  Sir  W.  Thomson,  LL.IX,  F Jt.S. 

Dr.  W.  B.  Carpenter,  F.R.S 

Prof.  A.  W.  Williamson,  FJLS 

Prof.  J.  ^dall,  LLJ).,FJl.S 

Sir  John  Hawkshaw,  FJLS 

Prof.  T.  Andrews,  M.D.,  F.R.S 

Prof.  A.  Thomson,  M  .D.,  F.Rii 

W.  Spottiswoode,  M.A.,  F.R.8 

Prof.  G.  J.  Allman,  M.D..  F.R.8 

A.  C.  Ramsay,  LL.D.,  F.R.S 

Sir  John  Lubbock,  Bart.,  FJI.S.  

Dr.  0.  W.  Siemens  F.R.S 

Prof.  A.  Cavley,  D.O.L.,  FJI.S 

Prof.  Lord  Hayleigh,  F.R.S 

Sir  Lyon  Plajrfair.  K.O.B.,FJLS 

Sir  J.  W.  Dawson,  O.M.G.,  F.R,S 

Sir  H.  E.  Roscoe,  D.C.L.,  F  Jl.8 

Sir  F.  J.  Bramwell,  F.R.S. 

Prof.  W.  H.  Flower,  03.,  F.R.S 

Sir  F.  A.  Abel,  O.B.,  F.R.S 

Dr.  W.  Huggins.  F.R.S 

Sir  A.  Gcikie,  LLJ).,  F.R.8 

Prof.  J.  S.  Burdon  Sanderson,  F.R.S. 
The  Marquis  of  SaUsbury,K.G..P.R.S. 
Sir  Douglas  Galton,  K.C.B.,  P.R.S.  ... 
Sir  Joseph  Lister.  Bart.,  Pros.  R.S. ... 

Str  John  Evans,  K.C3.,  F.R.a  ., 

Sir  W.  Crookee.  F.R.S 

Sir  Michael  Foster,  K.C.B^  Scc.R.8.... 
Sir  William  Turner,  D.C.L..  F.R.S. ... 
Prof.  A.  W.  RUcker,  D.Sc..  Sec  Jl.8. ... 


Old  Life 
Members 

New  Life 
Members 

— 

-       , 

169 
303 
109 
226 
818 
241 
814 
149 
227 
285 
172 
164 
141 
238 
194 
182 
236 
222 
184 
286 
321 
239 
208 
287 
292 
207 
167 
196 
204 
814 
246 
245 
212 
162 
289 
221 
178 
201 
184 
144 
272 
178 
203 
235 
226 
814 
428 
266 
277 
259 
188 
280 
201 
327 
214 
880 
120 
281 
296 
267 
310 


•  Ladles  were  not  admitted  by  pnrohased  tickets  nnttl  1848.     f  Tickets  of  Admission  to  Sections  only 
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<U  Annual  Meetings  of  the  Association. 

Old 
Annu&I 
ICembers 

New 
Annml 
3£ember8 

A880. 

dfttes 

lAdies 

Total 

Amount 
received 
durijig  the 
Meeting 

Grants 

for  Scientific 

Purposes 

1 

Year 

1 







853 

1831 

— 

— 

— 

— 

— 

— 

_ 

1832 



- 

— 

— . 



900 

— 



1838 

— 



— 

— 

— 

1298 

— 

£20  0  0 

1884 

— 

— 

— 

— 

— 

— 

— 

167  0  0 

1835 



-_ 

— 

— 

_ 

1350 

— 

435  0  0 

1886 

— 

— 

— 

— 



1840 

— 

922  12  6 

1887 

1   — . 

— 

— 

IIOO* 

— 

2400 

— 

932  2  2 

1838 





— 

— 

84 

1438 

— 

1595  11  0 

1889 

— 

— 

— 

— 

40 

1353 

— 

1546  16  4 

1840 

46 

317 

— 

60* 

— 

891 

— 

1235  10  11 

1841 

75 

376 

S3t 

331« 

28 

1315 

— 

1449  17  8 

1842 

71 

185 

160 

— 

— 

— 

1565  10  2 

1843 

45 

190 

"»t 

260 

— 

— 

— 

981  12  8 

1844 

94 

22 

407 

172 

85 

1079 

— . 

831  9  9 

1845 

65 

89 

270 

196 

86 

857 

— 

685  16  0 

1846 

197 

40 

495 

203 

58 

1320 

— 

208  5  4 

1847 

54 

26 

876 

197 

15 

819 

£707  0  0 

275  1  8 

1848 

93 

S3 

447 

237 

22 

1071 

963  0  0 

169  19  6 

1849 

1J8 

42 

510 

273 

44 

1241 

1085  0  0 

345  18  0 

1850 

61 

47 

244 

141 

37 

710 

620  0  0 

391  9  7 

1851 

63 

60 

510 

292 

9 

1108 

1085  0  0 

804  6  7 

1852 

56 

67 

867 

286 

6 

876 

903  0  0 

205  0  0 

1858 

121 

121 

766 

524 

10 

1802 

1882  0  0 

880  19  7 

1854 

14S 

101 

1094 

643 

26 

2188 

2811  0  0 

480  16  4 

1865 

104 

48 

412 

346 

9 

1115 

1098  0  0 

734  13  9 

1856 

156 

120 

900 

569 

26 

2022 

2015  0  0 

507  15  4 

1857 

111 

91 

710 

509 

13 

1698 

1931  0  0 

618  18  2 

1858 

125 

179 

1206 

821 

22 

2564 

2782  0  0 

684  11  1 

1859 

177 

59 

686 

463 

47 

1689 

1604  0  0 

766  19  6 

1860 

184 

125 

1589 

791 

15 

8138 

3944  0  0 

nil  5  10 

1881 

150 

57 

433 

242 

25 

1161 

1089  0  0 

1293  16  6 

1862 

154 

209 

1704 

1004 

25 

3835 

8640  0  0 

1608  3  10 

1863 

182 

103 

1119 

1058 

13 

2802 

2965  0  0 

1289  15  8 

1864 

215 

149 

766 

608 

23 

1997 

2227  0  0 

1691  7  10 

1865 

218 

105 

960 

771 

11 

2803 

2469  0  0 

1760  13  4 

1866 

193 

118 

1168 

771 

7 

2444 

2613  0  0 

1739  4  0 

1867 

226 

117 

720 

682 

46J 

2004 

2042  0  0 

1940  0  0 

1868 

229 

107 

678 

600 

17 

1856 

1931  0  0 

1622  0  0 

1869 

303 

195 

1103 

910 

14 

2878 

3096  0  0 

1572  0  0 

1870 

311 

127 

976 

754 

21 

2463 

2575  0  0 

1472  2  6 

1871 

280 

80 

987 

912 

48 

2588 

2649  0  0 

1285  0  0 

1872 

237 

99 

796 

601 

11 

1983 

2120  0  0 

1685  0  0 

1873 

232 

85 

817 

680 

12 

1951 

1979  0  0 

1151  16  0 

1874 

307 

98 

884 

672 

17 

2248 

2897  0  0 

960  0  0 

1876 

831 

185 

1265 

712 

26 

2774 

8028  0  0 

1092  4  2 

1876 

238 

59 

446 

283 

11 

1229 

1268  0  0 

1128  9  7 

1877 

290 

93 

1285 

674 

17 

2678 

2616  0  0 

725  16  6 

1878 

239 

74 

529 

349 

13 

1404 

1425  0  0 

1080  11  11 

1879 

171 

41 

889 

147 

12 

915 

899  0  0 

731  7  7 

1880 

313 

176 

1280 

514 

24 

2667 

2689  0  0 

476  8  1 

1881 

253 

79 

516 

189 

21 

1253 

1286  0  0 

1126  1  11 

1882 

330 

323 

952 

841 

5 

2714 

8369  0  0 

1083  3  3 

1883 

317 

219 

826 

74 

26&60H.5 

1777 

1855  0  0 

1173  4  0 

1884 

832 

122 

1063 

447 

6 

2203 

2256  0  0 

1385  0  0 

1886 

428 

179 

1067 

429 

11 

2453 

2632  0  0 

995  0  6 

1886 

510 

244 

1985 

493 

92 

3838 

4336  0  0 

1186  18  0 

1887 

399 

100 

639 

609 

12 

1984 

2107  0  0 

1511  0  5 

1888 

412 

113 

1024 

679 

21 

2437 

2441  0  0 

1417  0  U 

1889 

868 

92 

680 

884 

12 

1775 

1776  0  0 

789  16  8 

1890 

341 

152 

672 

107 

35 

1497 

1664  0  0 

1029  10  0 

1891 

411 

141 

783 

439 

50 

2070 

2007  0  0 

864  10  0 

1892 

328 

57 

773 

268 

17 

1661 

1663  0  0 

907  15  6 

1893 

481 

69 

941 

451 

77 

2321 

2175  0  0 

683  15  6 

1894 

290 

31 

498 

261 

22 

1324 

1286  0  0 

977  15  5 

1895 

388 

189 

1884 

878 

41 

8181 

3228  0  0 

1104  6  1 

1896 

286 

125 

682 

100 

41 

1362 

1398  0  0 

1069  10  8 

1897 

327 

96 

1051 

689 

38 

2446 

2399  0  0 

1212  0  0 

1898 

9U 

68r 

W« 

120 

27 

1403 

1328  0  0 

1430  14  2 

1899 

297 

45 

8bl 

482 

9 

1915 

1801  0  0 

1072  10  0 

1900 

,  m  1 

181 

794 

246 

•   20 

1912 

2046  0  0 

945  0  0 

1901 

;  IndodiDg  Ladles.  $  Fellows  of  the  American  Association  were  admitted  as  Hon.  Members  for  this  Meeting. 
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OFFICERS  AND   COUNCIL,   1901-1902. 


PRESIDENT. 
PROPM80B  ARTHUR  W.  BUOKBR,  M.A,  LL.D^  D^Sc.,  SecRJS. 

VICE-PRESIDENTS. 


The  Right  Hon.  the  Earl  of  Glasgow,  G.C.M.a. 
The  Right  Hod.  the  Lord  Blytbswood.,  LLJ)., 

D.L. 
The  Right   Hon.  the  Lord  Kelvdt,  G.C.V.O., 

D.OX~LL.D.,  F.RS. 
Bamdel   0hi8!{olm,  Kflq.,  the  Hon.   the    Lord 

ProTost  of  (flaspow. 
Very  Rev.  R.  Ubrbkrt  Stort,  D.P.,  LL  D.,  tIM 

Priucipul  of  the  University  of  Glafgow. 

PRESIDENT    ELECT. 

Professor  Jams  Dswab,  HJL,  LL.D.,  F.R.& 

VICE-PRESIDENTS   ELECT, 


Sir  John  IIxxwdj^  SnaLixG-MAZWBLi.,  Bftrt, 

M.P.,  D.L. 
Sir  Andrbw  Koble,  K.C3.,  D.OJi,.  F.R.S. 
Sir  Abchibald  Gbiktb,  D.O.L.,  LL.D.,  P.R.S. 
Sir  W.  T.  TbikkLtok-Dteb, K.OM,Q^O.l.E.,  F.RJS. 
Jawss  Pabker  Smith,  Esq.,  M.P.,  DX. 
John  Ingljs,  Esq.,  LL  J). 
Pfofesfor  John    Olbland,   M.D.,  LL.D.,  D.Sc 

F.RJ8. 


His  Grace  the  DuKR  or  Abkroorx,  E.G.,  HJi. 

Lientenant  of  the  Ooanty  of  DonegaL 
Tlie  Mabqdess  op  DupyKRix  and  Ava,  K.P., 

F.R.S.,  H.H.  Lieutenant  of  the  County  of 

Down. 
The  Marqubbs  of  Lovdovdrrbt,   K.G.,  H.K. 

Licntenaut  of  the  Clt7  of  Belfast. 
Sir  Francis   Macnaghtkn,   Bart.,  H.M.   Lieu- 

tcuant  of  tbe  County  of  Antrim. 


The  Bight  Hon.  the  Babl  or  Shafubbubt,  D.L. 
The  Bight  Hon.  the  Babl  of  Boesi,  E.P.,  FJL3. 
The  Binht  Hon.  Thomas  Sinclair,  D.Lit. 

Sir  WiLLUM  QUARTUS  EWABT,  BiTt.,  M.A. 

The  Lord  Mayob  op  Bblpast. 
Tlie  Prbsidbnt  of  Queen's  College,  Belfast. 
Professor  E.  Rat  Lankrstkr,  M.a1,  F.R.S. 
Professor  PiTBB  Rbdperx,  H.D. 


GENERAL    SECRETARIES. 

Professor  Sir  W.  C.  Robertb-Austsn,  K.C.B.,  D.O.L.,  FJL8. 

Dr.  D.  H.  Scott,  M.A.,  PJLS. 

ASSISTANT    GENERAL    SECRETARY. 
G.  OBimTB,  Esq.,  MJL,  Harrow,  Middlesex. 

GENERAL  TREASURER. 
Professor  G.  Oarxt  Fostbb,  B.A.,  F.R.S.,  Burlington  House,  London,  W. 

LOCAL    SECRETARIES    FOR    THE    MEETING    AT    BELFAST. 
John  Brown,  E«q.      |       Professor  Haurick  FitzGbrald,  B.A.     |     Godfrky  W.  Fbboubon,  Esq. 

LOCAL   TREASURER    FOR    THE    MEETING    AT    BELFAST. 
R.  Ktlb  Knox,  LL.D. 


ORDINARY    MEMBERS 


Armstroho,  Professor  H.  E.,  F.B.S. 
BOHAK,  J.,  Esq.,  LLJ). 
Bower,  Professor  F.  0.,  P.R.S. 
Callkndar,  Professor  H.  L.,  F.R.a 
Orbak,  Captain  E.  W.,  R.N.,  C.B«  FJL8. 
Darwin,  Major  L.,  Sec.R.O.S. 
Frkmantlk,  Hon.  Sir  C.  W.,  K.03. 
Gotch,  Professor  P.,  F.R.S. 
Halliburton,  Professor  W.  D.,  F.B.S. 
Ebltir,  J.  Scott,  Esq.,  LL.D. 
LANKEsrER,  Professor  E.  Rat,  F.RJB. 
Locktkr,  Sir  J.  NoBUAN.  E.C.B.,  F.R.S. 
LoDQE,  Prinoipal  0.  J.,  F.R.8. 


OF   THE    COUNCIL. 

Macaubtvb,  Professor  A^  F.B.8. 
MacMabon,  Major  P.  A.,  F.R.S. 
MABB,J.K,BBqnFJLS. 
Pbbkin,  Professor  W.  H.,  F.R.S. 
Pbbrt,  Professor  John,  F.R.S. 
Pbbbcb,  Sir  W.  H.,  K.C3.,  FJL8. 
Price,  L.  L.,  Esq.,  MJL. 
Sbward,  A.  C,  Esq.,  F JLS. 
SOLLAB,  Professor  W.  J.,  F.RS. 
TiLDKN,  Professor  W.  A«  F.RA 
Ttlor,  Professor  B  B..  F.R.8. 
WolpE'Barrt,  Sir  John,  K.C.B.,  F.B  S. 


EX-OFFICIO    MEMBERS    OF   THE    COUNCIL. 
The  Trustees,  the  President  and  President  Elect,  the  Presidents  of  former  years,  the  Yloe-Pxeaidente  and 
Vice-Presidents  Elect,  the  General  and  Assistant  General  Secretaries  for  the  present  and  former  years. 
the  Secretary,  the  General  Treasurers  for  the  present  and  former  years,  and  the  Local  Treasurer  and' 
Secretaries  for  the  ensuing  Meeting. 

TRUSTEES  (PERMANENT). 
The  Right  Hon.  Lord  Avebury,  D.CX.,  LL.D.,  F.R.8.,  FX.8. 
The  Right  Hon.  Lord  Ratleioh,  MJL,  D.C.L.,  LLJ).,  F.B.B.,  F.BjLS. 
Professor  A.  W.  RtJcKSR,  M.A.,  DAj.,  SocJLS. 

PRESIDENTS  OF  FORMER  TEARS. 


8b:  Joseph  D.  Hooker,  K.CJ&J. 
Bir  George  Gabriel  Stokes,  Bart. 

F  R  S. 
Lord  Kelvin,  G.C.V.O.,  Pja.8. 
Prof.  A.  "W.  WUliamson,  P.R.S. 
Lord  Avebury,  DJ3 Jj.,  F.R.S. 
Lord  Rayleigh,  D.CX.,  F  Jt.8. 


Sir  H.  E.  Roscoe,  D.CX.,  F.R.8. 
Sir  F.  J.  Bramwell,  Bart.,  F Jl.S. 
Sir  P.  A.  Abel,Bart,K.C3..F.R.S. 
SirWm.Huggin8,K.C.B.,Pres.R.8. 
Sir    Archibald    Geikie,    LL.D., 

F.R.S. 
Prof.  Sir  J.  &  Bnrdon  Sanderson, 

Bart.,  F.R.S. 

GENERAL  OFFICERS  OF  FORMER  YEARS. 


The  Marquis  of  SaUsbory,  E.G., 

F.R.S. 
Lord  Lister,  D.OX.,  F.B.8. 
Sir  John  Evana,  K.O.B.,  F.R.8. 
Sir  WlUiam  Crookes.  F.R.8. 
Sir     Miohael     Foster,     K.C.B., 

M.P..  F.R.8. 
Sir  W.  Turner,  E.O.B.,  FJLS. 


F.  GaltoD,  Esq.,  FJLS. 

Prof.  Sir  Miohael  Foster,  K.C3., 

MJPnSecJLS. 
0.  Griffith,  Esq.,  MA. 


P.  L.  Sclater,  Esq..  Ph.D.,  F  JI.S. 

Prof.  T.  G.  Bonney,  DA?.,  F.R.8. 

Prof.  A.  W.  Williamson,  F.RJS.       I 

A.  Vernon  Haroonrt,  Esq.,  FJL&    | 

AUDITORS. 

S.W.BrBbn>ok,Bsq.  03.  |  L.  L.  Pries,  Esq ,  MX 


Prof.  A.  W.  Btteker,  Seo.B.8. 
Prof.  E.  A.  Schilfer,  FJLS. 
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HEPORT  OF  THE  COUNCIL.  IXXXV 


Report  of  the  Council  for  tlis  Year  1900-1901,  presented  to  the  General 
Committee  at  Glasgow  on  Wednesday ^  September  11,  1901. 

In  presenting  their  Annual  Report  the  Council  have,  in  the  first  place, 
to  inform  the  General  Committee  that  they  resolved  that  an  Address 
should  be  presented  to  the  King  on  his  accession  to  the  Throne,  and  that 
the  following  Address  was  presented  by  the  President  on  behalf  of  the 
Council  : — 

To  THE  King's  Most  Excellent  Majesty. 
May  it  please  Your  Majesty, 

We,  the  President  and  Council  of  the  British  Association  for  tho 
Advancement  of  Science,  most  respectfully  desire  to  be  permitted  to 
express  to  Your  Majesty  our  deepest  sympathy  in  the  great  loss  which 
Your  Majesty  and  the  Empire  have  sustained  by  the  death  of  Her 
Gracious  Majesty  Queen  Victoria. 

The  British  Association  will  always  bear  in  grateful  remembrance 
the  fact  that  your  illustrious  Father,  His  Royal  Highness  the  Prince 
Consort,  to  whose  scientific  knowledge  and  guidance  the  Nation  owes  so 
much,  was  pleased  to  accept  the  office  of  President  for  the  Meeting  held 
at  Aberdeen  in  1859.  His  Royal  Highness  then,  as  in  so  many  other 
ways,  revealed  his  appreciation  of  the  importance  of  the  advancement  of 
science  which  has  exerted  so  beneficial  an  influence  throughout  Her 
Majesty's  glorious  reign. 

We  confidently  and  fervently  hope  that  the  progress  of  science  will 
continue  during  the  reign  of  Your  Majesty  to  promote  the  prosperity  of 
your  people  throughout  the  Empire. 

We  beg  leave  to  be  permitted  to  oflfer  to  Your  Majesty  the  humble 
expression  of  our  sincere  congratulation  and  loyal  homage  and  devotion 
on  your  succession  to  the  throne  of  your  Ancestors. 

Signed  on  behalf  of  the  Council, 

Wm.  Turner,  President, 

To  this  Address  the  following  gracious  reply  has  been  received  : — 

Home  Office,  Wliitehall, 
March  11,  1901. 

Sir, — I  am  commanded  by  the  King  to  convey  to  you  His  thanks 
for  the  Loyal  expressions  of  sympathy  and  devotion  which  have  been 
addressed  to  him  by  the  President  and  Council  of  the  British  Associa- 
tion. 

His  Majesty  is  further  deeply  gratified  by  the  tribute  paid  to  the 
memory  and  the  influence  of  His  Eoyal  Highness  the  Prince  Consort ; 
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Ixxxvi  REPORT — 1901. 

and  he  fully  shares  in  the  hope  that  the  advancement  of  science,  which 
has  been  so  great  a  glory  of  Her  Majesty's  reign,  may  be  continued 
throughout  His  own. 

I  am,  Sir,  your  obedient  Servant, 

Chas.  T.  Ritchie. 

The  President  of  the  British  Association  for  the  Advancement 
of  Science,  Burlington  House,  W. 

The  Council  have  heard  with  much  regret  of  the  death  of  Dr.  Andrew 
Stewart,  one  of  the  Vice- Presidents-elect  for  the  Glasgow  meeting,  and 
the  founder  of  the  Adam  Smith  Chair  in  the  University. 

The  following  reply  from  the  India  Office  regarding  the  suggestion 
made  by  the  Council,  that  opportunity  should  be  taken  to  collect  Ethno- 
graphical information  by  means  of  the  Indian  Census  of  1901,  has  been 
received : — 

India  Office,  Whitehall,  London,  S.W,, 
December  1900. 

Sir, — With  reference  to  your  letter  of  December  1899  and  my  reply  No.  R.  and  S. 
3539,  of  the  16th  January,  1900, 1  am  directed  to  inform  you  that  the  Secretary  of 
State  for  India  in  Council  has  now  received  the  remarks  of  the  Governmenc  of 
India  on  the  suggestion  of  the  British  Association  for  the  Advancement  of  Science, 
that  opportunity  should  be  taken  to  collect  ethnographical  information  by  means  of 
the  Indian  Census  of  1901. 

2.  The  Government  of  India  entirely  agree  with  the  Secretary  of  State's  recogni- 
tion of  the  importance  of  the  investigations  which  the  Association  suggested,  bat 
find  themselves  constrained  to  say  that  it  is  impossible  (except  to  the  limited  extent 
indicated  in  paragraph  4  of  this  letter)  to  make  these  investigations  by  means  of,  or 
in  connection  with,  the  Census.  They  consider  that  the  addition  to  the  Census 
Schedule  of  Columns  relating  to  even  a  small  number  of  ethnographic  facts  would 
expand  it  to  unwieldy  dimensions ;  thf)  enumerating  agency  is  wholly  unfitted  to 
conduct  such  an  inquiry,  and  the  facts  recorded  by  it  would  be  worthless  ;  and  they 
apprehend  that  there  would  be  grave  risk,  not  only  that  the  accuracy  of  the  entries 
in  the  essential  columns  would  be  impaired  by  the  additional  burden  imposed  on 
the  enumerators,  but  also  that  the  unusual  nature  of  the  questions  asked  would  give 
rise  to  rumours  and  excite  apprehensions  which  would  seriously  interfere  with  the 
ordinary  operations  of  the  Census. 

3.  The  Government  of  India  also  deem  it  impracticable  to  carry  out  the  sug- 
gestion that  photographers  should  be  placed  at  the  disposal  of  the  Census  officers, 
as  this,  besides  being  very  expensive,  would  hinder  the  officers*  proper  duties,  and 
would  delay  the  submission  of  the  reports,  which  it  is  desired  to  complete  as  soon 
as  possible. 

4.  With  the  view,  however,  of  taking  action,  as  far  as  may  be  practicable,  in  the 
direction  of  collecting  ethnographical  information,  the  Census  Commissioner  has 
instructed  the  Census  Superintendents  to  endeavour,  in  the  districts  which  they  visit, 
to  obtain,  fiom  the  most  trustworthy  sources,  particulars  under  uniform  headings 
r^arding  the  history,  structure,  traditions,  and  religious  and  social  usages  of  the 
various  tribes  and  castes.  The  Commissioner  considers  that  nothing  beyond  this 
can  be  undertaken  in  connection  with  the  Census  operations,  and  the  Government  of 
India  accept  bis  opinion ;  but  they  have  considered  the  question  how  far  it  is  pos- 
sible and  advisable  apart  from  the  Census  to  encourage  and  assist  ethnographic  in- 
vestigations in  India,  and  have  submitted  a  scheme  by  which  it  is  hoped  that  in  the 
course  of  a  few  years  a  fairly  complete  account  of  the  ethnography  of  the  larger 
provinces  may  be  obuiined. 

This  scheme  has  received  Lord  George  Hamilton's  approval. 

I  am,  Sir,  your  obedient  Servant, 

(Signed)  A.  Go  n  let. 

Sh:  Michael  Foster,  K.C.B.,  F.R.S.,  Burlington  House;  Piccadilly,  W. 
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The  CJouncil  have  nominated  Professor  John  Cleland,  F.R.S.,  Vice- 
President  for  the  Meeting  at  Glasgow. 

The  Council  hav«  elected  the  following   men  of  science,  who  have 
attended  Meetings  of  the  Association,  to  be  Corresponding  Members  : — 


Professor  T.  C.  Chamberlio,  Chicago. 
Dr.  Yves  Delage,  Paris. 
Professor  W.  G.  Farlow,  Hanrard. 
Professor  A.  P.N.  Fraaichimont,  Leiden. 


Professor  Philipp  Lenard,  Kiel. 
Professor  A.  Penck,  Vienna. 
Gen.-Major  Bykatchew,  St.  Petersburg. 


The  Council,  having  received  an  invitation  to  appoint  Delegates  to 
attend  the  Ninth  Jubilee  Celebrations  of  the  University  of  Glasgow  on 
June  12,  13,  and  14,  requested  the  President  and  the  General  Secretaries 
to  represent  the  Association  at  the  Celebrations,  and  to  present  the 
following  Address  to  the  University  : — 

We,  the  President  and  Council  of  the  British  Association  for  the 
Advancement  of  Science,  offer  our  cordial  congratulations  to  the  Univer- 
sity of  Glasgow  on  the  occasion  of  the  celebration  of  the  four  hundred 
and  fiftieth  anniversary  of  the  founding  of  the  University. 

The  British  Association  has  since  its  birth  in  1831  been  brought  from 
time  to  time  into  close  relations  with  the  University  of  Glasgow.  It  has 
on  three  occasions  held  highly  successful  meetings  within  your  City,  and 
is  looking  forward  with  pleasarable  anticipation  to  a  fourth  meeting  in 
the  autumn  of  the  present  year.  The  success  of  these  gatherings  has 
been  largely  due  to  the  earnest  co-operation  of  the  able  men  of  science 
who  have  fUled  and  aaorned  the  Chairs  in  the  Uni^'er8ity,  three  of  whom 
at  meetings  in  other  Cities  have  occupied  the  Presidential  Chair  of  the 
Association  itself. 

In  presenting  our  congratulations  we  woald  at  the  same  time  express 
the  hope  that  the  University  may  continue  to  prosper  and  to  extend  in 
influence  and  usefulness.  The  efforts  which  you  are  making  to  add  to 
the  Professoriate,  to  obtain  new  buildings  and  appliances  for  the  continued 
development  of  your  teaching  and  for  the  encouragement  of  research, 
show  that  you  mean  to  retain  a  foremost  place  amidst  the  Universities  of 
the  United  Kingdom. 

Signed  on  behalf  of  the  Council, 

William  Turner,  President. 

The  Council  were  invited  to  appoint  Delegates  to  attend  the  British 
Congress  6n  Tuberculosis,  which  was  held  on  July  22-26,  in  London. 

The  Council  requested  Lord  Lister  and  Sir  Michael  Foster  to  represent 
the  Association  at  the  Congress. 

The  following  resolutions  referred  to  the  Council  by  the  General 
Committee  have  been  considered  and  acted  upon  : — 

(1)  That  la  connection  with  the  Resolution  relating  to  the  admission  of  women 
to  Committees,  as  well  as  on  general  grounds,  the  Gooncil  is  requested  to  reconsider 
the  present  mode  of  electing  members  of  Sectional  Conmnttees. 

The  Council  appointed  a  Committee,  consisting  of  Sir  F.  J.  BramweU, 
Professor  fl.  E.  Armstrong,  Mr.  E.  H.  Griffiths,  Mr.  A,  V.  Harcourt 
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Mr.  G.  W.  Lamplugh,  Professor  W.  A.  Tilden,  and  the  General  Officers, 
to  report  on  this  Resolution. 

In  accordance  with  the  recommendation  of  the  Committee,  the  Council 
recolnmend  that  the  present  practice  of  electing  members  of  Sectional 
Committees  be  continued  subject  to  the  following  modification  : — 

'  That  any  Member  of  the  Association  who  has  intimated  the  inten- 
tion of  attending  a  particular  Meeting  of  the  Association,  and  who  has 
already  served  upon  a  Committee  of  a  Section,  shall  be  eligible  for 
election  as  a  Member  of  the  Committee  of  that  Section  at  its  first 
meeting.' 

(2)  That  the  Cooncil  be  requested  to  consider  the  appointment  of  a  separate 
Section  for  education. 

The  Council  considered  this  proposal,  and  resolved  that  a  Section  of 
Educational  Science  be  established,  to  be  entitled  Section  L,  but  that  the 
Section  shall  not  necessarily  meet  each  year. 

The  following  resolution,  which  was  passed  at  the  Conference  of 
Delegates  at  Bradford,  and  accidentally  not  forwarded  to  the  Committee 
of  Recommendations,  was  brought  before  the  Council  and  considered  : — 

That  the  proposed  Copyright  Bill,  so  far  as  it  affects  the  copyright  of  Scientific 
Societies  in  their  transactions,  and  the  publication  of  abstracts  of  Scientific  papers, 
be  referred  to  the  General  Committee ;  and  that  they  be  requested  to  take  such 
action  as  will  protect  Scientific  Societies. 

The  Council  authorised  the  General  Officers  to  co-operate  with  other 
Societies  in  regard  to  the  question  of  copyright  if  a  Bill  is  again  brought 
before  Parliament. 

The  Report  of  the  Corresponding  Societies  Committee  for  the  past 
year,  consisting  of  the  Ust  of  the  Corresponding  Societies  and  the  titles 
of  the  more  important  papers,  and  especially  those  referring  to  Local 
Scientific  Investigations,  published  by  those  Societies  during  the  year 
ending  June  1,  1901,  has  been  received. 

The  Corresponding  Societies  Committee,  consisting  of  Mr.  Francis 
Galton,  Mr.  W.  Whitaker  {Chairman)^  Dr.  J.  G.  Garson,  Sir  J.  Evans,  Mr. 
J.  Hopkinson,  Professor  R.  Meldola,  Professor  T,  G,  Bonney,  Mr.  T.  V. 
Holmes,  Mr.  Horace  T.  Brown,  Rev.  J.  O.  Bevan,  Professor  W.  W. 
Watts,  Rev.  T.  R.  R.  Stebbing,  Mr.  C.  H.  Read,  and  Mr.  F.  W.  Rudler, 
is  hereby  nominated  for  reappointment  by  the  General  Committee. 

The  Council  nominate  Mr.  F.  W.  Rudler,  Chairman,  Mr.  W.  Whitaker, 
F.  R.S.,  Vice-Chairman,  and  Dr.  J.  G.  Garson  and  Mr.  Alexander  Somer- 
ville.  Secretaries,  to  the  Conference  of  Delegates  of  Corresponding  Societies 
to  be  held  during  the  Meeting  at  Glasgow. 

The  Council  have  received  Reports  from  the  (Jeneral  Treasurer  during 
the  past  year,  and  his  accounts  from  July  1,  1900,  to  June  30,  1901, 
which  have  been  audited,  are  presented  to  the  General  Committee. 

In  accordance  with  the  regulations  the  retiring  Members  of  the 
Council  will  be  : — 


Mr.  Francis  Darwin. 

Dr.  W.  H.  Gaskell. 

Professor  L.  F.  Yemon  Harcourt. 


Professor  E.  B.  Poulton. 
Professor  J.  M.  Thomson, 
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The  Council  recommend  the  re-election  of  the  other  ohlihary  Members 
of  the  Council,  with  the  addition  of  the  gentlemen  whose  names  are  dis* 
tinguished  by  an  asterisk  in  the  following  list : — 


ArmslroDg,  Professor  H.  £.,  F.R.S. 
Bonar,  J.,  Esq.,  LL.D. 
Bower.  Professor  F.  Om  F.R.S. 
Callendar,  Professor  H.  L.,  F.R.S. 
Creak,  Captain  E.  W.,  R.N.,  F.R.S. 
Darwin,  Major  L.,  Sec.  R.G.S. 
Fremantle,  The  Hon.  Sir  C.  W.,  K.C.B. 
•Gotch,  Professor  F.,  F.RS. 
Hallibiirton,  Professor  W.  D.,  F.R.S. 
Keltie,  J.  Scott,  Esq.,  LL.D. 
Lankester,  Professor  E.  Ray,  F.RS. 
Lockyer,     Sir    J.     Norman,    K.C.B., 
F.R.S. 


Lodge,  Professor  Oliver,  F.R.S. 
♦Macallster,  Professor  A.,  F.R.S. 
MacMahon,  Major  P.  A.,  F.R.S. 
Marr,  J.  B.,  Esq.,  F.RS. 
*Perkin,  Professor  W.  H.,  F.R.S. 
♦Perry,  Professor  John,  F.R.S. 
Preece,  Sir  W.  H.,  K.C.13.,  F.RS. 
Price,  L.  L.,  Esq.,  M.A. 
•Seward,  A.  C,  Esq.,  F.RS. 
Sollas,  Professor  W.  J.,  F.RS. 
Tilden,  Professor  W.  A.,  F.R.S. 
Tylor,  Professor  B.  B.,  F.RS. 
Wolfe-Barry,  Sir  John,  K.C.B.,  F.R.B. 
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Committees  appointed  by  the  General  Committee  at  the 
Glasgow  Meeting  in  September  1901. 


1.  Receiving  Grants  of  Money, 


Sabject  for  Investigation  or  Purpose 


Making  Experiments  for  improv- 
ing the  Construction  of  Practical 
Standards  for  use  in  Electrical 
Measurements. 

[And  balance  in  hand.] 


Members  of  the  Committee 


Seismological  Observations. 


To  co-operate  with  the  Royal 
Meteorological  Society  in  ini- 
tiating an  Investigation  of  the 
Upper  Atmosphere  by  means 
of  Kites. 

To  co-operate  with  the  Committee 
of  the  Falmouth  Observatory 
in  their  M  agnetic  Observations. 


Chairman, — Lord  Rayleigh. 

Secretary. — Mr.  R.  T.  Glazebrook. 

Lord  Kelvin,  Professors  W.  E. 
Ayrton,  J.  Perry,  W.  G.  Adams, 
Oliver  J.  Lodge,  and  G. 
Carey  Foster,  Dr.  A.  Muirhead, 
Sir  W.  H.  Preece,  Profes- 
sors J.  D.  Everett  and  A. 
Schuster,  Dr.  J.  A.  Fleming, 
Professor  J.  J.  Thomson,  Mr. 
W.  N.  Shaw,  Dr.  J.  T.  Bot- 
tomley,  Rev.  T.  C.  Fitzpatrick, 
Dr.  G.  Johnstone  Stoney,  Pro- 
fessor S.  P.  Thompson,  Mr.  J. 
Rennie,  Mr.  B.  H.  Griffiths, 
Professors  A.  W.  Riicker,  H.  L. 
Callendar,  and  Sir  W.  C. 
Roberts-Austen,  and  Mr.  G. 
Matthey. 

Chairman. — Prof.  J.  W.  Jndd. 

Secretary. — Professor  J.  Milne. 

Lord  Kelvin,  Professor  T.  G. 
Bonney,  Mr.  C.  V.  Boys,  Pro- 
fessor G.  H.  Darwin,  Mr. 
Horace  Darwin,  Major  L.  Dar- 
win, Professor  J.  A.  Ewing. 
Dr.  R.  T.  Glazebrook,  Professor 
C.  G.  Knott,  Professor  R. 
Meldola,  Mr.  R.  D.  Oldham, 
Professor  J.  Perry,  Mr.  W.  E. 
Plummer,  Professor  J.  H. 
Poynting,  Mr.  Clement  Reid, 
Mr.  Nelson  Richardson,  and 
Professor  H.  H.  Turner. 

Chairman. — Mr.  W.  N.  Shaw. 

Secretary. — Mr.  W.  H.  Dines. 

Mr.  D.  Archibald,  Mr.  C.  Ver- 
non Buys,  Dr.  A.  Bucban,  and 
Dr.  H.  R.  MiU. 

Chairman, — Sir  W.  H.  Preece. 

Secretary.—  Dr.  R.  T.  Glazebrook. 

Professor  W.  G.  Adams,  Captain 
Creak,  Mr.  W.  Fox,  Professor 
A.  Schuster,  and  Principal 
Riicker. 


Grants 


£ 
40 


«.  d. 
0  0 


r5    0  0 


75    0  0 


80    0  0 
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1.  Rec(dving  Chranti  of  Money — continued. 


Subject  for  Investigation  or  Purpose 


The  relation  between  the  Absorp- 
tion Spectra  and  Chemical  Con- 
stitution of  Organic  Substances. 


Members  of  the  Committee 


Grants 


CJuiirman  and    Secretary. — Pro- 
fessor W.  Noel  Hartley.  ' 

Professor  F.R.Japp,  Professor  J.  J.  ' 
Dobbie,  and  Mjt.  Alexander  I 
Lauder.  i 


£ 
20 


9.  d. 
0  0 


Preparing  a  new  Series  of  Wave- 
length Tables  of  the  Spectra 
of  the  Elements. 


Chairman, — Sir  H.  E.  Roscoe. 

Secretary, — Dr.  Marshall  Watts. 

Sir  J.  N.  Lockyer,  Professors  J. 
Dewar,  G.  B.  Liveing,  A.  Schus- 
ter, W.  N.  Hartley,  and  Wol- 
cott  Gibbs.  and  Sir  W.  de  W. 
Abney. 


5    0  0 


The  action  of  Gases  dissolved  in  '  Chairman,— ^it  Wm.  C.  Roberts-  j     40    0  0 
Metals    and   Alloys    on    their  ,      Austen.  I  I 


Properties, 


Secretary. — Dr.  T.  K.  Rose.  | 

Mr.    W.  Carrick-Anderson,    Pro-  j 

fessor  H.  B.  Dixon,  Mr.  C.  T.  ! 

Heycock,    Mr.    F.  H.  Neville,  | 

and  Professor  W.  Ramsay. 


The  Collection,  Preservation,  and 
Systematic  Registration  of 
Photographs  of  Geological  In- 
terest. 


Chairman, — Professor  J.  Geikie. 

4Sir<?r^tory.— ProfessorW.W.Watts. 

Professor  T.  G.  Bonney,  Dr.  T.  An- 
derson, Professor  E.  J.  Gar- 
wood, and  Messrs.  A.  S.  Reid, 
W.  Gray,  H.  B.  Woodward,  R. 
Kidston,  J.  J.  H.  Teall,  J.  G. 
Goodchild,  H.  Coates,  C.  V. 
Crook,  G.  Bingley,  and  R.Welch. 


6    0  0 


To  study  Life-zones  in  the  British 
Carboniferous  Rocks. 


The  movements  of  Underground 
Waters  of  North-west  York- 
shire. 

[Balance  in  hand.] 


Cliairman, — Mr.  J.  E.  Marr. 

Secretary, — Dr.  Wheelton  Hind. 

Mr.  F.  A.  Bather,  Mr.  G.  C.  Crick, 
Mr.  A.  H.  Foord,  Mr.  H.  Fox, 
Professor  E.  J.  Garwood,  Dr. 
G.  J.  Hinde,  Professor  Percy  F. 
Kendall,  Mr.  Robert  Kid- 
ston,  Mr.  G.  W.  Lamplugh, 
Professor  G.  A.  Lebour,  Mr. 
B.  N.  Peach,  Mr.  A.  Strahan, 
and  Dr.  H.  Woodward. 


ClMirman, — Prof  essorW.W.  Watts. 

Secretary, — Captain  A.  R.  Dwerry-  ; 
house. 

Professor  A.  Smithells,   Rev.  E. 
Jones,    Mr.   Walter    Morrison, 
Mr.  G.   Bray,  Mr.  W.    Lower 
Carter,  Mr.   W.   Fairley,    Pro-  ' 
fessor  P.  F.  Kendall,  and  Mr.  | 
J.  E.  Marr.  , 


10    0  0 
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1.  lUceiving  Grants  (f  Money — continued. 


Subject  for  Investigation  or  Purpose 


To  explore  Irish  Caves. 
[Collections  to  be  placed  in  the 

Science  ^nd  Art  Museum,  Dub- 

Un.] 


To  consider  the  best  Methods  for 
the  Registration  of  all  Tjpe 
Specimens  of  Fossils  in  the 
British  Isles,  and  to  report  on 
the  same. 

[Balance  in  hand.] 

To  enable  Mr.  R.  Qumey  to  work 
at  Excretion  in  Crustacea,  Mr. 
Wallace  to  investigate  Vivi- 
parous Fishes,^and  to  aid  other 
competent  Investigator,  to  carry 
on  definite  pieces  of  work  at  the 
Zoological  Station  at  Naples. 

To  enable  Mr.  R.  C.  Punnett  to 
continue  his  investigations  on 
the  pelvic  plexus  of  Elasmo- 
branch  fishes,  and  to  enable 
other  competent  naturalists  to 
perform  definite  pieces  of  work 
at  the  Marine  Laboratory, 
Plymouth. 

[Balance,  8/.  5«.,  in  hand.] 

CoiDpilation  of  an  Index  Generum 
et  Specierum  Animalium. 


To  work  out  the  details  of  the 
Observations  on  the  Migration 
of  Birds  at  Lighthouses  and 
Lightships,  1880-87. 

To  investigate  the  structure,  for- 
mation, and  growth  of  the  Coral 
Reefs  of  the  Indian  Region, 
with  special  observations  on  the 
inter-relationship  of  the  reef 
organisms,  the  depths  at  which 
they  grow,  the  food  of  corals, 
effects  of  currents  and  character 
of  the  ocean  bottom,  &c.  The 
land  flora  and  fauna  will  be 
collected,  and  it  is  intended 
that  observations  shall  be  made 
on  the  manners,  &c.,  of  the 
natives  in  the  different  parts 
of  the  Maldive  group. 


Members  of  the  Committee 


Chairman.— T)r.  R.  F.  Scharff.         1 

Secretary. — Mr.  R.  Lloyd  Praeger.  | 

Mr.  G.  Coffey,  Professor  Grenville  I 

Cole,  Br.  Cunningham,  Mr.  (i.  ' 

W.  Lamplugh,  Mr.  A.  McHenry,  { 

and  Mr  R.  J.  Ussher. 

Chairman. — Dr.  H.  Woodward. 

Secretary. — Mr.  A.  Smith  Wood- 
ward. 

Rev.G.  F.  Whidbome,  Mr.  R.  Kid- 
ston.  Professor  H.  G.  Seeley,  Mr. 
H.  Woods,  and  Rev.  J.  F.  Blake. 

Chairman,— 'Pioiessox  W.  A. 
Herdman. 

Secretary. — ProfessorQ.B.  Howes. 

Professor  E.  Ray  Lankester,  Pro- 
fessor W.  F.  R.  Weldon,  Pro- 
fessor S.   J.  Hickson,    Mr.  A. 
Sedgwick,  and  Professor  W.  C.  | 
Mcintosh.  I 

Cluiirman. — Mr.  W.  Garstang. 
Secretary. — Mr.  W.  Garstang.  ' 

Professor     E.     Ray     lankester, 

Professor  Sydney  H.  Vines,  Mr. 

A.  Sedgwick,  and  Professor  W. 

F.  R.  Weldon. 


Chairmati. — Dr.  H.  Woodward. 
Secretary. — Mr.  F.  A.  Bather. 
Dr.   P.  L.  Sclater,  Rev.  T.  R.  R. 

Stebbing,   Mr.   R.    McLachlan, 

and  Mr.  W.  E.  Hoyle. 

Chairman. — Professor  A.  Newton. 

Secretary. — Rev.  E.  P.  Knubley. 

Mr.  John  A.  Harvie- Brown,  Mr.  | 
R.  M.  Barrington,  Mr.  A.  H.  I 
Evans,  and  Dr.  H.  O.  Forbes. 


Gmnts 


£ 
45 


s.  d. 
0  0 


100    0  0 


100    0  0 


15    0  0 


Chairman. — Mr.  A.  Sedgwick. 
Secretary. — J.  Graham  Kerr. 
Professor  J.  W.  Judd,   Mr.  J.  J. 

Lister,  Mr.  Francis  Darwin,  Dr. 

S.    F.    Harmer,    Professors  A. 

Macalister,  W.  A.  Herdman,  and 

S.  J.  Hickson. 


50    0  0 
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1.  Reeeiring  Grants  of  Money — continued. 


Sobject  for  Investigation  or  Purpose 


To  enable  Mr.  James  Bankin  to  in- 
vestigate Compound  Ascidians 
of  the  Clyde  area,  and  to  en- 
able other  competent  natural- 
ists to  perform  definite  re- 
searches in  the  Laboratoij  of 
the  Marine  Biological  Asso- 
ciation of  the  West  of  Scotland 
at  Millport. 


Members  of  the  Committee 


Cliaimian.—^ii  John  Murray. 
Secretary. — Dr.  J.  F.  Gemmill. 
Professor  F.  O.  Bower,  Professor 

Coesar  Ewart,  Professor  W.  A. 

Herdman,  Professor  M.  Laurie, 

Mr.  Alex.   Somerville,  and  Mr. 

J.  A.  Todd. 


Grants     > 


£ 
25 


0  0 


Terrestrial     Surface-waves 
Wave-like  Surfaces. 


and     CJuiirma/n, — Dr.  Scott  Keltie. 
Secretary. — Colonel  F.  Bailey. 
Mr.  Vaughan  Cornish,  Mr.  A.  R. 
i      Hunt,  and  Mr.  W.  H.  Wheeler. 


16    0  0 


The  Economic  Effect  of  Legisla- 
tion regulating  Women's  Labour. 


To  consider  means  by  which  better 
practical  effect  can  be  given  to 
the  Introduction  of  the  Screw 
Gauge  proposed  by  the  Associa- 
tion in  1884. 


To  investigate  the  resistance  of 
Road  Vehicles  to  Traction. 


To  co-operate  with  the  Silchester 
Bzcavation  Fund  Committee  in 
their  explorations. 


Chairman. — Mr.  B.  W.  Brabrook. 

Secretary. ^-Ht.  A.  L.  Bowley. 

Miss  A.  M.  Anderson,  Mr.  C.  Booth, 
Mr.  S.  J.  Chapman,  Miss  C. 
E.  Collet,  Professor  Edgeworth, 
Professor  Flux,  Mrs.  J.  R.  Mac- 
Donald,  Mr.  L.  L.  Price,  Pro- 
fessor Smart,  and  Mrs.  H.  J. 
Tennant. 


Chairman,— ^\T  W.  H.  Preece. 
Secretary. — Mr.  W.  A.  Price.  j 

Lord  Kelvin,  Sir  F.  J.  Bramwell,  i 
Sir  H.  Trueman  Wood,   Maj.- 
Gen.  Webber,  Mr.  R.  B.  Cromp-  j 
ton,   Mr.  A.  Stroh,  Mr.  A.  Le  I 
Neve  Foster,  Mr.  C.  J.  Hewitt, 
Mr.  G.  K.  B.  Blphmstone,  Col. 
Watkin,  Mr.B.  Rigg,  Mr.  Vernon 
Boys,  Mr.  J.  Marshall  Gorham, 
Mr.    0.  P.   Clements,   Mr.  W. 
Taylor,   and  Dr.   R.  T.  Glaze- 
brook. 


Chairman,'^  Sir  Alexander  Binnie. 
Secretary. — Professor  H.  S.  Hele 

Shaw. 
Mr.  Aitken,  Mr.   T.  C.  Aveling, 

Professor   T.    Hudson    Beare, 

Mr.   W.  W.  Beaumont,  Mr.  J. 

Brown,  Col.  R.  E.  Crompton,  Mr. 

A.  Biallock,  Sir  D.  Salomans,  Mr. 

A.  Sennett,Mr.Shrapnell  Smith, 

and  Mr.  J.  I.  Thomycroft. 

Chavrma/n. — Mr.  A.  J.  Bvans. 
Secretary, — Mr.  John  L.  Myres. 
Mr.  B.  W.  Brabrook. 


30    0  0 


20    0  0 


50    0  0 


0  0 
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1.  Receiving  Grants  of  Money — continued. 


Subject  for  Investigation  or  Purpose 


j  To  organise  an  Ethnological  Sur- 
I      vey  of  Canada. 


To     conduct     Explorations 
Knoflsos  in  Crete. 


at 


I  To  conduct  Anthropometric  In- 
vestigations  among  the  Native 
Troops  of  the  Egyptian  Army. 


To  conduct  Explorations  with  the 
object  of  ascertaining  the  age  of 
Stone  Circles. 


I  The  Collection,  Preservation,  and 

I  Systematic  Registration  of  Pho- 

I  tographs     of    Anthro^logical 

I  Interest. 

,  [Balance  in  hand.] 


The  Present  State  of  Anthropo- 
logical Teaching  in  the  United 
Kingdom  and  Elsewhere. 


Members  of  the  Committee 


-Professor  D. 


Chair  num.- 
'      hallow. 

I  Secretary.— ^T.  C.  Hill-Tout. 
1  Mr.    E.   W.    Brabrook,    Professor 
1       A.  C.  Haddon,  Mr.  E.  S.  Hart- 

land,  Sir  J.  G.  Bourinot,  Mr.  B. 

Suite,   Mr.    David   Boyle,    Mr. 

C.  N.  Bell,  Professor  E.  ^. 
'  Tylor,  Professor  J.  Mavor,  Mr. 
,       C.   F.   Hunter,  and  Dr.  W.  F. 

Ganong. 


Chairman. — Dr.  J.  G.  Garson.  i 

Secretary. — Mr.  H.  Balfour. 
Sir  John  Evans,  Mr.  C.  H.  Read, 
Professor  Meldola,   Mr.   A.   J.  ' 
Evans,    Dr.     R.     Munro,  Pro-  | 
fessor  Boyd-Dawkins,  and  Mr 
A.  L.  Lewis. 


Chairman.— Mr,  C.  H.  Read. 

Secretary. — Mr.  J.  L.  Myres. 

Dr.  J.  G.  Garson,  Mr.  H.  Ling  Roth, 
Mr.  H.  Balfour,  Mr.  E.  S.  Hart- 
land,  and  Professor  Flinders 
Petrie. 


30    0  0 


3    0  0 


100    0  0 


Chairman. — ProfessorE.  B.  Tylor. 

Secretary. — Mr.  H.  Ling  Roth. 

Professor  A.  Macalister,  Professor 
A.  C.  Haddon,  Mr.  C.  H.  Read, 
Mr.  H.  Balfour,  Mr.  F.  W. 
Rudler,  Dr.  R.  Munro,  and  Pro- 
fessor Flinders  Petrie. 


Chairmnn. — Sir  John  Evans. 

Secretary. — Mr.  J.  L.  Myres. 

Mr.  A.  j.  Evans,  Mr.  D.  G.  Ho- 
garth, Professor  A.  Macalister, 
and  Professor  W.  Ridgeway. 


Cliairmnn, — Professor   A.     Mac-  I     16    0  0 
alister. 

Secretary, — Mr.  C.  S.  Myers. 
I  Sir    John  Evans  and    Professor  i 
I      D.  J.  Cunningham.  ' 


To  co-operate  with  the  Cardiff 
I  Naturalists*  Society  in  its  Ex- 
I  cavations  on  the  Roman  Site 
I      at  GteUigaer. 


Chmrman.—Vroiesm[  J.  Rhys. 
Secretary.-'^.  J.  L.  Myres. 
Mr.  A.  J.  Evans  and  Mr.  Ij.  "Ny. 
I(rabrook. 


5    0  0 
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XCY 


Sabject  for  Investigation  or  Purpose 


Members  of  the  Committee 


To  study  the  power  of  the  Mam- 
malian Heart  for  performing 
work  under  varying  external 
conditions  and  under  the  in- 
fluence of  Drugs. 

The  changes  occurring  in  Haemo- 
globin and  the  supposed  de- 
struction of  Red  Corpuscles  in 
the  Spleen. 


Investigation 
phycero. 


of     the     Cyano- 


G. 


Investigation  on  the  Respiration 
of  Plants. 


To  consider  and  report  upon  the 
influence  exercised  by  Univer- 
sities and  Examining  Bodies  on 
secondary  school  curricula,  and 
also  of  the  schools  on  university 
requirements. 


The  conditions  of  Health  essen- 
tial to  the  canning  on  of  the 
I      work  of  instruction  in  schools. 


Corresponding  Societies  Com- 
mittee for  .the  preparation  of 
their  Report. 


I  Chairman.  —  Professor 

Farmer. 
I  Seorctanry. — Dr.  F.  F.  Blackman. 
I  Professor  Marshall  Ward  and  Mr. 
W.  Gardiner. 

Cluiimum,  —  Professor    Marshall 

Ward. 
Secretary. — Mr.  H.  Wager. 
Mr.  Francis  Darwin  and  Professor 

J.  B.  Farmer. 

Chairman. — Dr.  H.  E.Armstrong. 

Seorttary.—^T.W.  H.  D.  Rouse. 

The  Bishop  of  Hereford,  Sir 
Michael  Foster,  Sir  P.  Magnus, 
Principal  Riicker,  Principal 
Lodge,  Mr.  H.  W.  Eve.  Mr. 
W.  A.  Shenstone,  Mr.  Eggar, 
Professor  Marshall  Ward.  Mr. 
F.  H.  Neville,  Mrs.  W.  N.  Shaw, 
Professor  H.  L.  Withers,  and 
Dr.  C.  W.  Kimmins. 

Chairman. — 

Secretary.— 'iHx.  E.  White  Wallis. 

Dr.  C.  W.  Kimmins,  Professor 
L.  C.  Miall,  Professor  H.  L. 
Withers,  and  Professor  Sher- 
rington; and  that  the  Council 
be  authorised  to  appoint  a 
Chairman. 

Chairman.— Mr.  W.  Whitaker. 

Secretary. — Dr.  J.  G.  Grarson. 

Mr.  Francis  Gal  ton,  Professor  R. 
Meldola,  Mr.  T.  V.  Holmes.  Sir 
John  Evans.  Mr.  J.  Hopkinson, 
Professor  T.  G.  Bonney,  Mr. 
Horace  T.  Brown,  Rev.  J.  0. 
Bevan,  Professor  W.  W.  Watts, 
Rev.  T.  R.  R.  Stebbing,  Mt:  C. 
H.  Read,  and  Mr.  P.  W.  Rudler. 


Chairman.  —  Professor 

McKendrick. 
Secretary.— lAr.  T.  Grigor  Brodie. 
Professor  W.  H.  Thompson. 


Chairman.  —  Professor     J.     G. 

McKendrick. 
Secretary. — Mr.  W.  Brodie  Brodie. 
Professor  Ralph  Stockman. 


J.     B. 


Grants 


£ 
20 


a.  a. 
0  0 


I 


15     0  0 


10    0  0 


15     0  0 


5    0  0 


I 


2    0  0 


15     0  0 
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2.  Not  receiving  Orants  of  Money, 


Subject  for  Investigation  or  Purpose 


Radiation  from  a  Source  of  Light  in  a 
Magnetic  Field. 


To     establish    a    Meteorological    Ob- 
servatory on  Mount  RoyaU  Montreal. 


Co-operating  with  the  Scottish  Meteoro- 
logical Society  in  making  Meteoro- 
logical Observations  on  Ben  Nevis. 


Members  of  the  Committee. 


Chairman, — Professor  A.  Schuster.  I 

Secretary. —VLt,  W.  B.  Thrift.  | 

Professor  O.  J.  Lodge,  Professor  S.  P.  ! 

Thompson,    Dr.   Gerald   Molloy,   Dr.  ! 

W.  E.  Adeney,  and  Mr.  E.  P.  Calver-  I 

well.  I 

Chairman, —  Professor  H.  L.  Callendar. 
Secretary, — Professor  C.  H.  McLeod. 
Professor     F.    Adams  and   Mr.  R.   F. 
Stupart. 

Chairman. — Lord  McLaren. 
Secretary. — Professor  Crum  Brown. 
Sir  John  Murray,  Dr.  A.  Buchan,  and 
Professor  R.  Copeland. 


Comparing  and  Reducing  Magnetic  Ob- 
servations. 


The  Rate  of  Increase  of  Underground 
Temperature  downwards  in  various 
Localities  of  Dry  Land  and  under 
Water. 


Considering  the  best  Methods  of  Re- 
cording the  Direct  Intensity  of  Solar 
Radiation. 


That  Miss  HardcasUe  be  requested  to 
draw  up  a  Report  on  the  present 
state  of  the  Theory  of  PointoQrQups. 


The  Nature  of  Alloys. 


Chairman. — Professor  W.  G.  Adams. 

Secretary.— Dr.  C.  Chree. 

Lord  Kelvin,  Professor  G.  H.  Darwin, 
Professor  G.  Chrystal,  Professor  A. 
Schuster,  Captain  E.  W.  Creak,  the 
Astronomer  Royal,  Mr.  William  EUis, 
and  Professor  A.  W.  RUcker. 


Chairman. — Professor  J.  D.  Everett. 

Secretary, — Professor  J.  D.  Everett. 

Lord  Kelvin,  Sir  Archibald  Geikie,  Mr. 
James  Glaisher,  Professor  Edward 
Hull,  Dr.  C.  Le  Neve  Foster,  Professor 
A.  S.  Herschel,  Professor  G.  A.  Lebour, 
Mr.  A.  B.  Wynne,  Mr.  W.  GaUoway, 
Mr.  Joseph  Dickinson,  Mr.  G.  F. 
Deacon,  Mr.  E.  Wethered,  Mr.  A. 
Strahan,  Professor  Miohie  Smith,  Pro 
fessor  H.  L.  Callendar,  and  Mr.  B.  11. 
Brough. 

Chairman. — Dr.  G.  Johnstone  Stoney. 

Secretary. — Professor  H.  McLeod. 

Sir  G.  G.  Stokes,  Professor  A.  Schuster, 
Sir  H.  E.  Rosooe,  Captain  Sir  W.  de 
W.  Abney,  Dr.  C.  Chree,  Professor 
H.  L.  Callendar,  Mr.  W.  E.  Wilson, 
and  Professor  A.  A.  Rambaut 


Chairman  and  Secretary.  —  Mr.  F.  H. 

Neville. 
Mr.    0.    T.  Heypook   wid   Mr.    B.   H. 

Griffiths. 
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2.  Not  receiving  Qrantt  rj/"  i/iw^— continued. 


Sabject  for  Investigation  or  Purpose 
Isomeric  Naphthalene  Deriyatives. 


The  Study  of  Isomorphous  Sulphonic 
Derivatives  of  Benzene. 


To  collect  Statistics  concerning  the 
trained  chemists  employed  in  Eng- 
lish Chemical  Industries. 


To  approach  the  Inland  Revenue  Com- 
missioners to  urge  the  desirability 
of  securing  the  use  of  pure  alcohol 
duty  free  for  the  purposes  of  scien- 
tific research. 


To  investigate  the  Erratic  Blocks  of  the 
British  Isles,  and  to  take  measures 
for  their  preservation. 


Members  of  the  Committee 


To  report  upon  the  Present  State  of 
our  Knowledge  of  the  Structure  of 
Crystals. 


The  Periodic  Investigation  of  the 
Plankton  and  Physical  Conditions  of 
the  English  Chaimel. 


To  continue  the  investigation  of  the 
Zoology  of  the  Sandwich  Islands, 
with  power  to  oo-operate  with  the 
Committee  appointed  for  the  purpose 
by  the  Royal  Society,  and  to  avail 
themselves  of  such  assistance  in  their 
investigations  as  may  be  offered  by 
the  Hawaiian  Government  or  the 
Trustees  of  the  Museum  at  Honolulu. 
The  Committee  to  have  power  to  dis- 
pose of  specimens  where  advisable. 

To  promote  the  Systematio  Collection 
of  Photographic  and  other  Recbids 
of  Pedigree  Stock. 


Chairman. — Professor  W.  A.  Tilden. 
j&iwvtery.— Professor  H.  E.  Armstrong. 

Chairman. — Professor  H.  A.  Miers. 
Secretary. — Professor  H.  E.  Armstrong. 
Dr.  W.  P.  Wynne  and  Mr.  W.  J.  Pope. 

Chairman. — Professor  W.  H.  Perkin. 
Secretary, — Dr.  G.  G.  Henderson. 
Professor  H.  E.  Armstrong  and  Mr.  G.  T. 
Beilby. 

Chairman. — Sir  H.  E.  Roscoe.  | 
Secretary. — Professor  H.  B.  Dixon.  i 
Sir  Michael   Foster,  Principal  Riicker,  ] 
Dr.  T.   E.   Thorpe,   Professor  W.  H.  , 
Perkin,  and  Professor  W.   D.  Halli- 
burton. I 

Chairman.—^lv.  J.  E.  Marr.  I 

Secretary.— 'Plot  P.  F.  Kendall. 

Professor  T.  G.  Bonney,  Mr  C.  E.  De 
Rancf, Professor  W.  J.  Sollas,  Mr.  R.  II. 
Tiddeman,  Rev.  S.  N.  Harrison,  Mr.  i 
John  Home,  Mr.  F.  M.  Burton,  Mr.  ' 
J.  Lomas,  Mr.  A.  R.  Dwerryhouse,  [ 
Mr.  J.  W.  Stather.  Mr.  R.  D.  Tucker,  I 
and  Mr.  F.  W.  Harmer.  ' 

I 

Chairman. — Professor  N.  Story  Maske- 
lyne. 

Secretary. — Professor  H.  A.  Miers. 

Mr.  L.  Fletcher,  Professor  W.  J.  Hollas, 
Mr.  W.  Barlow,  Mr.  G.  F.  H.  Smith, 
and  the  Earl  of  Berkeley. 

Chairman. — Professor  E.  Ray  Lankester. 
Secreta/nj. — Mr.  Walter  Garstang. 
Professor  W.  A.  Herdman  and  Mr.  H.  N. 
Dickson. 

Chairman. — Professor  A.  Newton. 

Secretary. — Dr.  David  Sharp. 

Dr.    W.   T.   Blanford,   Professor    S.    J. 

Hickson,  Dr.    P.   L.    Sclater,   Mr.   F. 

Du  Cane    Godman,  and   Mr.    Edgar 

A.  Smith. 


Chairman.— "^t.  Francis  Galton. 
Secretary.— VioUs^or  W.  F.  R.  Weldon. 
Professor  J.  C.  Ewart,  Professor  J.  A. 
Thomson,  and  Professor  R.  Wallace. 


1901. 
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REPORT— 1901. 
2.  Not  receiving  Grants  of  Money — continued. 


Subject  for  Inveftiigation  or  Purpose. 


Members  of  the  Committee 


To  examine  the  Natural   History  and      Cftalrman. — Mr.  C.  H.  Read. 
Ethnography  of  the  Malay  FeoinBula.    Secretary. — Mr.  W.  Crooke. 

I  Professor   A.    Macalister,   Professor  W. 
Ridgeway,  and  Dr.  H.  0.  Forbes. 


The  Lake  Village  at  Glastonbury. 


To  organise  a  Pigmentation  Survey  of 
the  school  children  of  Hcotland. 


The  Physioloi^ical  Effects  of  Peptone 
and  its  Precursors  when  introduced 
into  the  circulation. 


The  Micro-chemistry  of  Cells. 


Fertilisation  in  Phaeophyceje. 


To  consider  and  report  upoii  a  scheme 
for  the  registration  of  negatives  of 
Botanical  Photographs. 


rhe    Teaching  of   Natural   Science  in 
Elementary  Schools. 


To  report  upon  improvements  that 
might  be  effected  in  the  teaching  of 
Mathematics,  in  the  first  instance  in 
the  teaching  of  Elementary  Mathe- 
matics, and  upon  such  means  as  they 
think  likely  to  effect  such  improve- 
ments. 


CJiaimian. — Dr.  R.  Munro. 

Seei-etary. — Mr.  A.  BuUeid. 

Professor  W.  Boyd  Dawkins,  bir  John  i 
Evans,  Mr.  Arthur  J.  Evans,  and  Mr.  | 
C.  H.  Read.  | 

I 

Chairman. — Mr.  E.  W.  Bray  brook. 

Secretary. — Mr.  J.  Gray. 

Dr.  A.  C.  Haddon,  Professor  A.  Macalister.  i 
Professor  D.  J.  Cunnimrham,  Mr.  J.  F.  ' 
Tocher,  and  Dr.  W.  H.^ii.  Rivers.  j 

CJuiirinan. — Professor  E.  A.  Schafer. 
^Secretary. — Professor  W.  H.  Thompson.    \ 
Professor  R.  Boyce  and  Professor  C.  S. 
Sherrington.  I 

Cliairman  —Professor  E.  A.  Schafer.  | 

Secretary  — Professor  A.  B.  Macallum.       , 

Professor  2.   Ray  Lankester,   Professor  I 

W.  D.  Halliburton,  Mr.  G.  C.  Bourne, 

and  Professor  J.  J.  Mackenzie.  ' 

Chairvian.—  Professor  J.  B.  Farmer.  ( 

Secretary,— ?xoi^soT  R.  W.  Phillips.         | 

Professor   F.    0.  Bower  and  Professor  ' 

Harvey  Gibson.  | 

I 

Chairman Professor  L.  C.  Mikll. 

Secretary. — Professor  F.  E.  Weiss. 
Mr.  Francis  Darwin  and  Professor  G.  F. 
Scott  Elliot. 

Chairm^n,-^TiT.  J.  H.  Gladstone. 
Secretary. — Professor  H.  E.  Armstrong.  ' 
Lord  Avcbury,  Mr.  George  Gladstone, 
Professor  VV.  R.  Dunstan,  Sir  Philip 
Magnus,  Sir  H.  E.  Rosooe,  Dr.  Sil- 
vanus  P.  Thompson,  and  Professor  A. 
Smithells. 

Chairman.^  Professor  A.  R.  Forsyth. 

Secretary.'  -l*rofessor  J.  Perry. 

Principal  A.  W.  RUcker,  Principal  O.  J. 
Lodge,  Major  P.  MacMahon,  Professor 
W.  H.  }f.  Hudson,  Dr.  J.  Larmor,  Pro- 
fessor 8.  P  Thompson,  Professors  G. 
Chrystal,  O.  Henrici,  A.  Lodge,  A.  G. 
Greenhill,  G.  M.  Minchin,  Mr.  W.  D. 
Eggar,  Mr.  H.  W.  Eve.  Dr.  Glad- 
stone, Professor  G.  Gibson,  Professor  • 
Robert  Russell,  and  Mr.  R.  A.  Gregory.  [ 
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BesoluHon  relating  to  Committee  on  Traction  oj  Vehicles, 

That  in  acoordance  with  the  Rules  of  the  Association  the  Committee  on  the 
Resistance  of  Road  Vehicles  to  Traction  be  authorised  to  obtain  further  subscriptions 
in  aid  of  ite  work. 

Communications  ordered  to  he  printed  in  extenso. 

The  Clearing  of  Turbid  Solutions,  by  Professor  Georg  Quincke. 

The  Polarisation  of  Electric  Waves,  by  Professor  Georg  Quincke. 

Note  sur  runit6  de  pression,  par  M.  C.  E.  Guillaumc. 

Note  on  the  Variation  of  the  Sxjecific  Heat  of  Water,  by  Professor  H.  L. 
Callendar.  F.R.8. 

On  the  Behayiour  of  young  Gulls  artificially  and  naturally  hatched,  by  Professor 
J.  Arthur  Thomson. 
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Synopsis  of  Grants  of  Money  appropriated  to  Scientific  Purposes  hy  the 
General  Corrmtitteeat  the  Glasgoiv  Meeting,  September ^  1901.  The 
Names  of  the  Members  entitled  to  call  on  the  General  Treasurer 
for  the  respective  Grants  are  prefixed. 

Mathematics  and  Physics. 

£  8.  d. 

♦Rayleigh,  Lord— Electrical  Standards    40  0  0 

* Judd,  Professor  J.  W. — Seismological  Observations 35  0  0 

Shaw,  Mr.  W.  N. — Investigation  of  the  Upper  Atmosphere 

by  means  of  Kites 75  0  0 

Preece,  Sir  W.  H. — Magnetic  Observations  at  Falmonth    ...  80  0  0 

Chemistry, 

*Hartley,  Professor  W.   N. — Relation  between  Absorption 

Spectra  and  Constitution  of  Organic  Substances 20     0     0 

♦Roscoe,  Sir  H.  E.— Wave-length  Tables    5     0     0 

Roberts-Austen,   Sir  Wm.   C. — Properties  of   Metals    and 

Alloys  affected  by  dissolved  Gases    40     0     0 

Geology, 

*Geikie,  Professor  J. — Photographs  of  Geological  Interest  ...  5     0     0 
*Marr,  Mr.  J.  E. — Life-zones  in  British  Carboniferous  Rocks  10     0     0 
♦Watts,  Professor  W.  W. — Underground  Water  of  North- 
west Yorkshire  (Balance  in  hand) — 

^Scharff,  Dr. — Exploration  of  Irish  Caves  45     0     0 

♦Woodward,  Dr.  H. — Type  Specimens  (Balance  in  hand) — 

Zoology, 

♦Hei'dman,  Professor  W.  A. — Table  at  the  Zoological  Station, 

Naples  100     0     0 

♦Garstang,    Mr.  W. — Table    at  the   Biological   Laboratory, 

Plymouth  (Balance  £8  5s.  Oc?.  in  hand)    — 

*  Woodward,   Dr.   H. — Index    Generum   et   Specierum  Ani- 

malium 100     0     0 

*  Newton,  Professor  A. — Migration  of  Birds    15     0     0 

♦Sedgwick,  Mr.  A. — Structure  of  Coral  Reefe  of  Indian  Region     50     0     0 

Murray,  Sir  John — Compound  Ascidians  of  the  Clyde  Area     25     0     0 

Geograi^hy, 
♦Keltic,  Dr.  J.  Scott—Terrestrial  Surface  Waves 15     0     0 

Economic  Science  and  Stuiistics, 
♦Br&brook,  E.  W. — Legislation  regulating  Women's  Labour     30     0     0 

Unginecring. 

♦Preece,  Sir  W.  H.— Small  Screw  Gauge 20     0     0 

♦Binnie,  Sir  A. — Resistance  of  Road  Vehicles  to  Traction   ...     50     0    0 

Carried  forward    £760    0    0 

•  ReaK>ointed*    . 
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£     8,  d. 
Brought  forward     760    0     0 

Anthropology, 

*Evans,  Mr.  A.  J. — Silchester  Excavation    5     0     0 

•Penhallow,  Professor  D.  P. — Ethnological  Survey  of  Canada  15     0     0 

•Garson,  Dr.  J.  G.— Age  of  Stone  Circles 30     0    0 

*Read,  Mr.  C.  H. — Photographs  of  Anthropological  Interest 

(Balance  in  hand)    — 

♦Tylor,  Professor  E.  B. — Anthropological  Teaching 3     0     0 

*Evans,  Sir  John — Exploration  in  Crete     100     0     0 

Macalister,  Professor  A. — Anthropometric  Investigations  on 

Native  Egjrptian  Soldiers  15     0     0 

Rhys,  Professor  J. — Excavations   on  the   Roman    Site    at 

Gelligaer  5     0     0 

Physiology, 

McKendrick,  Professor  J.  G. — Work  of  Mammalian  Heart 

under  influence  of  Drugs    15     0     0 

McKendrick,  Professor  J.  G. — Changes  in  Haemoglobin 20    0    0 

Botany, 

Farmer,  Professor  J.  B. — Investigations  of  the  Cyanophycesc     10     0     0 
Marshall  Ward,  Professor — The  Respiration  of  Plants    15     0     0 

Educational  Science, 

Armstrong,  Dr.  H.  E. — Reciprocal  Influence  of  Universities 

and  Schools 5     0     0 

Sherrington,  Professor  C.  S.t — Conditions  of  Health  essen- 
tial to  carrying  on  work  in  Schools 2     0     0 

Corresponding  Societies, 

•Wliitaker,  Mr.  W.— Preparation  of  Report  15     0    0 

£1,01 5~  0     0 
♦  Reappointed.  f  Appointed  by  the  Council.  ' 


The  Annual  Meeting  in  1902. 

The  Annual   Meeting  of  the  Association  in   1902  will  be  held   at 
Belfast,  commencing  on  September  10. 

The  Annual  Meeting  in  1903. 

The  Annual  Meeting  of  the  Association  in   1903   will   be  held   at 
Southport, 
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Oeneral  Statement  of  Sums  which  have  been  paid  on  account  of 
Grants  for  Scientific  Purposes 

1839. 


1834. 

£  g.    d. 

Tide  Discussions  ^^  „^  _9 

1835. 

Tide  Discussions   62  0    0 

British  Fossil  Ichthyology  ...  10r»  0    0 

i,H;7  o    0 


1830. 

Tide  Discussions    163    0    0  ' 

British  Fossil  Ichthyolocry  ...  lOo    0    0 
Thermometric    Observations, 

6cc 50    0    0 

Experiments    on    Long-con- 
tinued Heat    ,\ 17    10; 

Rain-gauges   0  13     0 

Refraction  Experiments  15    0    0  , 

Lunar  Nutation 60    0    o' 

Thermometers    _  15     G     0 

£'435""0~0  i 


1838. 

Tide  Discussions    20    0    0 

British  P'ossil  Fishes 100    0    0 

Meteorological  Observations 
and  Anemometer  (construc- 
tion)       100 


1837. 

Tide  Discussions    284  1  0 

Chemical  Constants  24  13  6 

Lunar  Nutation 70  0  0 

Observations  on  "Waves    10012  0 

Tides  at  Bristol 150  0  0^ 

Meteorology    and     Subterrf.-  1 

nean  Temperature 03  3  0  , 

Vitrification  Experiments    ...  150  0  0  | 

Heart  Experiments   8  4  6 

Barometric  Observations 30  0  0  ! 

Barometers 11  18  6  1 

ir9'22  12"  6 


£    s.  d. 

1    Fossillchthyology    110    0  0 

'    Meteorolof.'^ical     Observations 

at  Plymouth,  &c 63  10  0 

I    Meclianism  of  Waves   144     2  0 

;    Bristol  Tides  35  18  6 

Meteorology    and    Subterra- 
nean Temperature 21  11  0 

Vitrification  Ex|)eriments    ...  9     4  0 

'    Cast-iron  Exjieriments 103     0  7 

I    Railway  Constants 28     7  0 

Land  and  Soa  Level 274     1  2 

Steam- ves-^els'  Engines     100     0  4 

Stars  in  Histoire  Celeste 171   18  0 

Stars  in  Lacaille    11     0  6 

Stars  in  R. A. S.  Catalogue    ...166  16  0 

Animal  Secretions 10  10  6 

Steam  Enirines  in  Cornwall...  50    0  0 

Atmosphenc  Air    16     1  0 

Cast  and  Wrouglit  Iron    40    0  0 

Heat  on  Organic  Bodies  3    0  0 

Gases  on  Solar  Spectrum 22     0  0 

Hourly    Meteorological    Ob- 
servations,   Inverness    and 

Kingussie    49    7  8 

Fossil  Reptiles   118     2  9 

Mining  Statistics  50    0  0 


€1695  11     0 


1840. 

Bristol  Tides  100    0  0 

Subterranean  Temperature  ...  13  13  6 

HoRrt  Experiments   18  19  0 

Lungs  Experiments  8  13  0 

Tide  Discussions    50     0  0 

Land  and  Sea  Level 6  11  1 

Stars  (Histoire  Celeste)   242  10  0 

Stars  (Lacaille) 4  15  0 

St?Ts  (Catalogue) 264     0  0 

Atmospheric  Air    15  15  0 

Water  on  Iron    10    0  0 

Heat  on  Organic  Bodies  7    0  0 

Meteorological  Observations .  52  17  6 


Cast  Iron  (Strength  of)    60 

Animal  and   Vegetable   Sub-  .,,      .       ^  -     ^-^    ^r        •  -no  ■•  .» 

stances  (Preservation  of)...  19  1   10  '    |;ormpn  Scientific  Memoirs...  113  1  6 

Constants 41  12  10       ^Vorkmg  PopuhUion 100  0  0 


Railway 

Bristol  Tides 50  0  0 

Growth  of  Plants  75  0  0 

Mud  in  Rivers    3  6  6 

Education  Committee  50  0  0  , 

Heart  Experiments   ..       5  3  0 

Land  and  Sea  Level 267  8  7  I 

Steam-vessels 100  0  0 

Meteorological  Committee  ...     31  9  5 

£o:i2~  v~  2  I 


School  Statistics    50  0  0 

Forms  of  Vessels   184  7  0 

Chemical  and  Electrical  Phe- 
nomena         40  0  0 

Meteorological    Observations 

at  Plymouth   80  0  0 

Magnet ical  Observations 185  13  9 


£1546  16     4 
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18a. 

£    ».  d. 

Observations  on  Waves    UO    0  0 

Meteorology   and     Subterra- 
nean Temperature 8    8  0 

Actinometers 10    0  0 

Earthquake  Shooka   17     7  0 

Acrid  Poisons 6    0  0 

Veins  and  Abaorbenta  H    0  0 

Mad  in  Rivers    ,,, 5    0  0 

Marino  Zoology 15  12  8 

Skeleton  Maps   20    0  0 

Mountain  Barometers  G  18  6 

Stars  (Histoire  Celeste)    18r>    0  0 

Stars  (Lacaille) 79     6  0 

Stars  (Nomenclature  of) 17  10  6 

Stars  (Catalogue  of ) 40    0  0 

Water  on  Iron    50    0  0 

Meteorological    Observations 

at  Inverness  20    0  0 

Meteorological    Observations 

(reduction  of )    26    0  0 

Fossil  Beptlles  50    0  0 

Foreign  Memoirs  .„„ 62    0  6 

Railway  Sections  38     1  0 

Forms  of  Vessels  193  12  0 

Meteorological    Observations 

at  Plymouth    65    0  0 

Magnet ical  Observations 61  18  8 

Fishes  of  the  Old  Bed  Sand- 
stone      100    0  0 

Tides  at  Leith    50    0  0 

Anemometer  at  Edinburgh...  60     1  10 

Tabulating  Observations 9    6  3 

Races  of  Men 5    0  0 

Piadiate  Animals   2    0  0 

kl235"loll 


1842. 
Dynamometric  Instruments . .  113 

Anoplnra  Britanniae 52 

Tides  at  Bristol 69 

Gases  on  Light  80 

Chronometers 26 

Marine  Zoology 1 

British  Fossil  Mammalia 100 

Statistics  of  Education 20 

Marine     Steam-vessels'     En- 
gines        28 

Stars  (Histoire  Celeste)   59 

Stars  (Brit.  Assoc.  Cat.  of)  ...  110 

Railway  Sections  161 

British  Belemnites    50 

Fossil    Keptiles  (publication 

of  Report)  210 

Forms  of  Vessels  180 

Qalvanic     Experiments     on 

Rocks  5 

Meteorologioal     Experiments 

at  Plymouth  68 

Constant  Indicator  and  Dyna- 
mometric Instruments ,    90 


11 

2 

12 

0 

8 

0 

14 

7 

17 

6 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

8 

6 

0 

0 

0    0 


;?  s.    d. 

Force  of  Wind   10  0    0 

Light  on  Growth  of  Seeds   ..,       h  0    0 

Vital  Statistics  50  0    0 

Vegetative  Power  of  Seeds  ...       H  1  11 

Questions  on  Human  llaco  ...       7  0    0 


An440  17     8 


1843. 

Revision  of  the  Nomenclature 

of  Stars  2    0     0 

Reduction  of  Stars,  British 
Association  Catalogue 25    0    0 

Anomalous    Tides,    Firth  of 

Forth  120    0     0 

Hourly  Meteorological  Obser- 
vations at  Kingussie  and 
Inverness    77  12     8 

Meteorologioal    Observations 

at  Plymouth   65    0    0 

Whewell's  Meteorological  Ane- 
mometer at  Plymouth 10    0    0 

Meteorological  Observations, 
Osier's  Anemometer  at  Ply- 
mouth       flO    0    0 

Reduction  of  Meteorological 

Observations 30    0    0 

Meteorological  Instruments 
and  Gratuities   30    6    0 

Construction  of  Anemometer 
at  Inverness    66  12    2 

Magnetic  Co-operation 10    8  10 

Meteorological   Recorder   for 

Kew  Observatory  50    0    0 

Action  of  Gases  on  Light 18  16     1 

Establishment  at  Kew  Ob* 
servatory,  Wages,  Repairs, 
Furniture,  and  Sundries  ...  133     4     7 

Experiments  by  Captive  Bal- 
loons         81     8    0 

Oxidation    of    the    Rails    o^ 

Railways 20    0    0 

Publication     of    Report    on 

Fossil  Reptiles  \...     40    0    0 

Coloured  Drawings  of  Rail- 
way Sections 147  18     3 

Registration  of    Earthquake 

Shocks 30    0    0 

Report  on  Zoological  Nomen- 
clature      10    0    0 

Uncovering  Lower  Red  Sand- 
stone near  Manohoster 4    4     6 

Vegetative  Power  of  Seeds  ...       6    3    8 

Marine  Testacea  (Habits  of )  .    10    0    0 

Marine  Zoology 10    0    0 

Marine  Zoology 3  14  11 

Preparation  of  Report  on  Bri- 
tish Fossil  Mammalia   100    0    0 

Physiological    Operations   of 

Medicinal  Agents 20    0    0 

Vital  Statistics 30     5     8 
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£    s.   d, 

AdditioDal    Experiments   on 

the  Forms  of  Vessels    70    0    0 

Additional    Experiments    on 
the  Forms  of  Vessels     100    0    0 

Keduction  of  Experiments  on 

the  Forms  of  Vessels    100    0    0 

Morin's  Instrument  and  Con- 
stant Indicator  69  14  10 

Experiments  on  the  Strength 

of  Materials 60    0    0 

£1565  10    2 


1844. 

Meteorological  Observations 
at  Kingussie  and  Inverness     12    0    0 

Completing  Observations  at 

Plymouth    35    0    0 

Magnetic  and  Meteorological 

Co-operation 25     8     4 

Publication  of  the  British 
Association  Catalogue  of 
Stars    35    0    0 

Observations  on  Tides  on  the 

East  Coast  of  Scotland    ...  100    0    0 

Revision  of  the  Nomenclature 
of  Stars   1842      2    9    6 

Maintaining  the  Establish- 
ment at  Kew  Observa- 
tory   117  17     3 

Instruments  for  Kew  Obser- 
vatory      66    7     3 

Influence  of  Light  on  Plants      10    0    0 

Subterraneous  Temperature 
in  Ireland  6    0    0 

Coloured  Drawings  of  Rail- 
way Sections 16  17    6 

Investigation  of  Fossil  Fishes 
of  the  Lower  Tertiary  Strata  100    0    0 

Registering    the    Shocks   of 

Earthquakes 1842    23  11  10 

Structure  of  Fossil  Shells   ...     20    0    0 

Radiata  and  MoUusca  of  the 
^gean  and  Red  Seas  1842  100    0    0 

Geographical  Distributions  of 

Marine  Zoology 1842      0  10    0 

Marine  Zoology  of  Devon  and 
Cornwall 10    0    0 

Marine  Zoology  of  Corfu 10    0    0 

Experiments  on  the  Vitality 

of  Seeds 9    0    0 

Experiments  on  the  Vitality 
of  Seeds 1842      8    7    3 

Exotic  Anoplura    15    0    0 

Strength  of  Materials 100    0    0 

Completing  Experiments  on 

the  Forms  of  Ships  100    0    0 

Inquiries  into  Asphyxia  10    0    0 

Investigations  on  the  Internal 

Constitution  of  Metals 50    0    0 

Constant  Indicator  and  Me- 
nu's Instrument    1842    10    0    0 

£981  12    8 


1846. 

£    *.  d. 

Publication  of  the  British  As- 
sociation Catalogue  of  Stars  351  14     6 

Meteorological    Observations 
at  Inverness   30  18  11 

Magnetic  and  Meteorological 

Co-operation  16  16     8 

Meteorological     Instruments 
at  Edinburgh 18  11     9 

Reduction  of  Anemometrical 
Observations  at  Plymouth    25    0    0 

Electrical    Experiments     at 
Kew  Observatory 43  17    8 

Maintaining    the    Establish- 
ment at  Kew  Observatory  149  15    0 

For  Kreil's  Barometrograph    25    0    0 

Gases  from  Iron  Furnaces...     60    0    0 

The  Actinograph   15    0    0 

Microscopic     Structure      of 
Shells  20    0    0 

Exotic  Anoplura    1843    10    0    0 

Vitality  of  Seeds  1843      3    0    7 

Vitality  of  Seeds  1844      7    0    0 

Marine  Zoology  of  Comw^l  .    10    0    0 

Physiological  Action  of  Medi- 
cines         20    0    0 

Statistics    of    Sickness   and 

Mortality  in  York 20    0    0 

Earthquake  Shocks  1843     15  14     8 

£831     9     9 


1846. 

British  Association  Catalogne 

of  Stars  1844  211 

Fossil  Fishes  of  the  London 

Clay 100 

Computation  of  the  Gaussian 

Constants  for  1829    60 

Maintaining   the    Establish- 
ment at  Kew  Observatory  146 

Strength  of  Materials  60 

Researches  in  Asphyxia  6 

i  Examination  of  Fossil  Shells  10 

,  Vitality  of  Seeds  1844  2 

i  Vitality  of  Seeds  1846  7 

■  Marine  Zoology  of  Cornwall  10 

I  Marine  Zoology  of  Britain  ...  10 

Exotic  Anoplura    1 844  25 

I  Expenses  attending  Anemo- 

,      meters 11 

'  Anemometers*  Repairs 2 

Atmospheric  "Waves 3 

I  Captive  Balloons  1844  8 

Varieties  of  the  Human  Race 

I                                             1844  7 

Statistics    of     Sickness    and 

Mortality  in  York 12 


15    0 
0     0 


0     0 


16 

7 

0 

0 

16 

2 

0 

0 

15 

10 

12 

3 

0 

0 

0 

0 

0 

0 

7 

6 

3 

6 

3 

.^ 

19 

8 

6 

3 

0 

0 

£685  16    0 
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1847. 

£  i.  d. 
Computation  of  the  (Jaussian 

Constants  for  1829 50  0  0 

Habits  of  Marine  Animals  ...     10  0  0 
Physiological  Action  of  Medi- 
cines         20  0  0 

Marine  Zoology  of  Cornwall       10  0  0 

Atmospheric  Waves 6  9  3 

Vitality  of  Seeds  4  7  7 

Maintaining    the   Establish- 
ment at  Kew  Observatory    107  8  6 
£208  5  4 


1848. 
Maintaining    the   Establish- 
ment at  Kew  Observatory    171  15  11 

Atmospheric  Waves 3  10  9 

Vitality  of  Seeds  9  15  0 

Completion  of  Catalogue  of 

Stars    70    0  0 

On  Colouring  Matters  5    0  0 

On  Growth  of  Plants    1  ^0  0 

£275     1  8 


1849. 

Electrical     Observations    at 

Kew  Observatory 50    0  0 

Maintaining   the    Establish- 
ment at  ditto 76    2  5 

Vitality  of  Seeds  5    8  1 

On  Growth  of  Plants    5    0  0 

Registration    of     Periodical 

Phenomena 10    0  0 

Bill  on  Account  of   Anemo- 

metrical  Observations 13 9 0 

£159  19  6 


1850. 
Maintaining    the    Establish- 
ment at  Kew  Observatory    255  18    0 
Transit  of  Eaarthquake  Waves    50    0    0 

Periodical  Phenomena 15    0    0 

Meteorological    Instruments, 

Azores _25^  0    0 

£345  18    0 

1851. 
Maintaining    the   Establish- 
ment at  Kew  Observatory 
(includes  part  of  grant  in 

1849)    309    2     2 

Theory  of  Heat 20    1     1 

Periodical  Phenomena  of  Ani- 
mals and  Plants 5    0    0 

Vitality  of  Seeds  5    6    4 

Influence  of  Solar  Radiation  30    0    0 

Ethnological  Inquiries 12    0    0 

Researches  on  Annelida  ^^__2 ^ 

£391"  9    7 


1852. 

£     i.  d. 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of  grant 
for  1850) 233  17     8 

Experiments  on  the  Conduc- 
•  tionofHeat  5    2    9 

Influence  of  Solar  Radiations    20    0    0 

Geological  Map  of  Ireland  ...     15    0    0 

Researches  on  the  British  An- 
nelida      10    0    0 

Vitality  of  Seeds  10    6    2 

Strength  of  Boiler  Plates 10    0    0 

£304     6     7 


I  1853. 

-  Maintaining   the    Establish- 

I      ment  at  Kew  Observatory     165    0    0 

I  Experiments  on  the  Influence 

\      of  Solar  Radiation    .........     15    0    0 

I  Researches    on    the    British 

Annelida 10    0    0 

Dredging  on  the  East  Coast 

of  Scotland 10    0    0 

Ethnological  Queries    5_  00 

£205    0    0 


1854. 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of 
former  grant) 330  15    4 

Investigations  on  Flax U     0    0 

Effects  of  Temperature  on 
Wrought  Iron 10    0    0 

Registration  of  Periodical 
Phenomena 10    0    0 

British  Annelida  10    0    0 

Vitality  of  Seeds  5    2    3 

Conduction  of  Heat 4    2    0 

£380  19     7 


1856. 
Maintaining    the    Establish- 
ment at  Kew  Observatory    425  0    0 

Earthquake  Movements   10  0     0 

Physical  Aspect  of  the  Moon      11  8     5 

Vitality  of  Seeds  10  7  11 

,  Map  of  the  World 15  0    0 

I  Ethnological  Queries   5  0    0 

Dredging  near  Belfast 4  0    0 

£480"l6  ~  4 

1856. 
Maintaining   the    Establish- 
ment   at    Kew     Observa- 
tory: — 


1855, 


,.€509 


0    S)   ^^^    ^    ^ 
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£ 
fitriokland's      Ornithological 

Synonyms    100 

Dredging      and      Dredging 

Forms 9 

Chemical  Action  of  Light   ...     20 

Strength  of  Iron  Plates   10 

Registration     of     Periodical 

Phenomena 10 

Propagation  of  Salmon 10 

£784 


g.  d. 


0     0 


1869. 
Maintaining    the    Eitablish- 

ment  at  Kew  Observatory     500.   0 
Predglng  near  Dublin 15    0 


1857.  I 

Maintaiiling   the    Establish- 
metit  at  Kew  Observatory    350    0    0  , 

Earthquake     "Wave    Experi-  ' 

ments  40    0    0 

Dredging  near  Belfast 10    0    0  i 

Dredging  on  the  West  Coast  | 

of  Scotland 10    0    0  [ 

Investigations  into  the  Mol- 

lusca  of  California    10    0    0 

Experiments  on  Flax  5    0    0 

Natural    History    of     Mada- 
gascar       20    0    0 

Researches  on  British  Anne- 

Uda  26    0     0  ' 

Report  on  Natural  Products  [ 

imported  into  Liverpool  ...     10    0    0 

Artificial  Propagation  of  Sal-  , 

mon 10    0    0  I 

Temperature  of  Mines 7    8    0! 

Thermometers  for  Subterra- 
nean Observations 5    7     4  1 

Life-boats  5    0    0  . 

£507  15~4  I 


Osteology  of  Birds 50 

Irish  Tunicata    6 

Manure  Experiments    20 

British  Medusidss 5 

Dredging  Committee    5 

Steam-vessels' Performance...  5 
Marine  Fauna  of  South  and 

W*^st  of  Ireland 10 

Photographic  Chemistry 10 

Lanarksliire  Fossils 20 

Balloon  Ascents _  'J9 


1868. 

Maintaining  the  Establish- 
ment at  Kew  Observatory    500    0    0 

Earthquake  Wave  Experi- 
ments      25     0    0 

Dredging  on  the  West  Coast 
of  Scotland 10    0    0 

Dredging  near  Dublin 6    0    0 

Vitality  of  Seed     6     5     0 

Dredging  near  Belfast 18  13     2 

Report  on  the  British  Anne- 
lida      25    0    0 

Experiments  on  the  produc- 
tion of  Heat  by  Motion  in 
Fluids 20    0     0 

Report  on  the  Natural  Pro- 
ducts imported  into  Scot- 
land      10    0    0 

£Gr8T8~2 


0 
0 
0 
0 
0 
0 

0 
0 

1 

_() 
1 


1860. 
Maintaining    the    Establish- 

ment  at  Kew  Observatory    600    0 

Dredging  near  Belfast 16     6 

Dredging  in  Dublin  Bay 15    0 

Inquiry  into  the  Performance 

of  Steam-vessels    124    0 

Explorations  in  the  Yellow 

Sandstone  of  Dura  Den    ..      20    0 
Chemioo-mechanical  Analysis 

of  Rocks  and  Minerals 25    0 

Researches  on  the  Growth  of 

Plants 10    0 

Researches  on  the  Solubility 

of  Salts  80    0 

Researches  on  the  Constituents 

of  Manures     25    0 

Balance  of  Captive   Balloon 

Accounts 1  18 

£76619" 


1861. 
Maintaining    the    Establish- 
ment at  Kew  Observatory. .  500 

Earthquake  Experiments 25 

Dredging    North    and    East 

Coasts  of  Scotland    23 

Dredging  Committee : — 

1860 £50    0    0  \ 

1861 £22    0    0/ 

Excavat  ions  at  Dura  Den 20    0 

Solubility  of  Salts     20    0 

Steam- vessel  Performance    ...  160    0 

Fossils  of  Lesmahagow  15    0 

Explorations  at  Uriconium...  20    0 

Chemical  Alloys    20    0 

Classified  Index  to  the  Trans- 
actions   100    0    0 

Dredging  in  the  Mersey  .and 

Dee  6    0     0 

Dip  Circle  30    0     0 

Photoheliographic     Observa- 
tions      60    0     0 

Prison  Diet 20    0     0 

Gauging  of  Water 10    0     0 

Alpine  Ascents  6     6  10 

Constituents  of  Manures 26    0     0 

£1111     6  10 


0    0 

0     0 

0     0 


72    0     0 

0 
0 
0 
0 
0 
0 
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1863. 

£  g.  d. 
Maintaining    the    Establish- 
ment at  Kow  Observatory  500  0  0 

Patent  Laws   21  6  0 

MolluscaofN.-W.  of  America  10  0  0 
Natural  History  by  Mercantile 

Marine    5  0  0 

Tidal  Observations    2o  0  0 

Photoheliometer  at  Kew 40  0  0 

Photographic  Pictures  of  the 

Sun 150  0  0 

Rocks  of  Donegal 25  0  0 

Dredging  Durham  and  North- 

nmberland  Coasts 25  0  0 

Connection  of  Storms  20  0  0 

Dredging    North-east    Coast 

of  Scotland    6  9  0 

Rav^esof  Teredo   3  11  0 

Standards  of  Electrical  Re- 
sistance     50  0  0 

Railway  Accidents    10  0  0 

Balloon  Committee  200  0  0 

Dredging  Dublin  Bay 10  0  0 

Dredging  the  Mersey   5  0  0 

Prison  Diet     20  0  0 

Gauging  of  Water 12  10  0 

Steamships'  Performance 160  0  0 

Thermo-electric  Currents    ...  5  0  0 

£1293  10 ~  6 


£  J?,  d. 

Thermo-electricity    15  0    0 

Analysis  of  Rocks     8  0    0 

Hydroida 10  0    0 

:gl608  8  10 


1864. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Coal  Fossils    20  0  0 

Vertical  Atmospheric  Move- 
ments       20  0  0 

Dredging,  Shetland 75  0  0 

Dredging,  Northumberland...     25  0  0 

Balloon  Committee  200  0  0 

Carbon  imder  pressure     10  0  0 

Standards    of    Electric    Re- 
sistance     100  0  0 

Analysis  of  Rocks     10  0  0 

Ilvdroida     10  0  0 

Askham'sGift    50  0  0 

Nitrite  of  Amyle  10  0  0 

Nomenclature  Committee   ...       6  0  0 

Rain-gauges  19  15  8 

Cast-iron  Investigation    20  0  0 

Tidal    Observations     in    the 

Humber  60  0  0 

Spectral  Rays 46  0  0 

Luminous  Metoors    20  0  0 

:ei289  15~8 


1863. 
Maintaining    the    Establish- 
ment at  Kew  Observatory...  600  0  0 
Balloon  Committee  deficiency  70  0  0 
Balloon    Ascents   (other  ex- 
penses)       25  0  0 

Entozoa  25  0  0 

Goal  Fossils    20  0  0 

Herrings 20  0  0  [ 

Granites  of  Donegal 6  0  0 

Prison  Diet     20  0  0 

Vertical  Atmospheric  Move-  I 

menta  13  0  0  ' 

Dredging  Shetland   50  0  0  ' 

Dredging  North-east  Coast  of 

Scotland 25  0  0  [ 

Dredging       Northimiberland  | 

and  Durham  17  3  10  ' 

Dredging  Committee  superin- 
tendence        10  0  0 

Steamship  Performance  100  0  0 

Balloon  Committee  200  0  0 

Carbon  under  pressure 10  0  0  i 

Volcanic  Temperature 100  0  0 

Bromide  of  Ammonium  8  0  0 

Electrical  Standards 100  0  0 

Electrical  Construction    and 

Distribution  40  0  0 

Luminous  Meteors    17  0  0 

Kew  Additional  Buildings  for 

Photoheliograph    100  0  0 


1865. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Balloon  Committee  100  0  0 

Hydroida 13  0  0 

Rain-gauges   30  0  0 

Tidal     Observations    in    the 

Humber  6  8  0 

Hexylic  Compounds 20  0  0 

Amyl  Compounds 20  0  0 

Irish  Flora 25  0  0 

American  MoUusca   3  9  0 

Organic  Acids    20  0  0 

Lingula  Flags  Excavation  ...  10  0  0 

Eurypterus 50  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding    25  0  0 

Gibraltar  Caves  Researches...  150  0  0 

Kent's  Hole  Excavations 100  0  0 

Moon's  Surface  Observations  35  0  0 

Marine  Fauna    25  0  0 

Dredging  Aberdeenshire 25  0  0 

Dredging  Channel  Islands  ...  60  0  0 

Zoological  Nomenclature 5  0  0 

Resistance  of  Floating  Bodies 

in  Water 100  0  0 

Bathwaters  Analysis  8  10  10 

Luminous  Meteors    40  0  0 

^fsai  7  10 
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Google 
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1866. 

Maintaining    the    Establish- 
ment at  Kew  Observatory. .  600  0 

Lunar  (Committee 64  13 

Balloon  Committee  60  0 

Metrical  Committee 60  0 

British  Rainfall 60  0 

Kilkenny  Coal  Fields  16  0 

Alum  Bay  Fossil  Leaf -bed  ...  15  0 

Luminous  Meteors    60  0 

Lingula  Flags  Excavation  ...  20  0 
Chemical     Constitution     of 

Cast  Lron    50  0 

Amyl  Compounds 25  0 

Electrical  Standards 100  0 

Malta  Caves  Exploration .30  0 

Kent's  Hole  Exploration 200  0 

Marine   Fauna,    &c.,    Devon 

and  Cornwall 25  0 

Dredging  Aberdeenshire  Coast  25  0 

Dredging  Hebrides  Coast    ...  60  0 

Dredging  the  Mersey  5  0 

Resistance  of  Floating  Bodies 

in  Water 60  0 

Polycyanidesof  Organic  Radi- 
cals    29  0 

Rigor  Mortis 10  0 

Irish  Annelida  15  0 

Catalogue  of  Crania 50  0 

Didine   Birds  of    Mascarene 

Islands    60  0 

Typical  Crania  Researches  ...  30  0 

Palestine  Exploration  Fund.«_100  0_ 

£1760  13 


,  1868. 

I                                                     £  i.  d. 

I  Maintaining   the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Lunar  Committee 120  0  0 

Metrical  Committee 60  0  0 

Zoological  Record 100  0  0 

I  Kent's  Hole  Explorations    ...  160  0  0 

I  Steamship  Performances .     ..  100  0  0 

British  Rainfall 50  0  0 

Luminous  Meteors 50  0  0 

Organic  Acids    60  0  0 

Fossil  Crustacea 26  0  0 

Methyl  Series 25  0  0 

Mercury  and  Bile 25  0  0 

Organic    Remains  in  Lime- 
stone Rocks    25  0  0 

Scottish  Earthquakes  20  0  0 

Fauna,  Devon  and  Cornwall..    30  0  O 

British  Fossil  Corals    CO  0  0 

Bagshot  Leaf -beds    60  0  0 

Greenland  Explorations  100  0  0 

Fossil  Flora   26  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature..,     60  0  0 
Spectroscopic    Investigations 

of  Animal  Subst,&nces   6  0  0 

Secondaiy  Reptiles,  &c 30  0  0 

British    Marine   Invertebrate 

Fauna lOO  0  0 

~£mo  0~0 


1867. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600  0 
Meteorological    Listruments, 

Palestine 50  0 

Lunar  Committee 120  0 

Metrical  Committee 30  0 

Kent's  Hole  Explorations    ...  100  0 

Palest  in  e  Explorations 50  0 

Insect  Fauna,  Palestine    30  0 

British  Rainfall 50  0 

Kilkenny  Coal  Fields  25  0 

Alum  Bay  Fossil  Leaf -bed  ...  25  0 

Luminous  Meteors    50  0 

Bournemouth,  &c.,  Leaf-beds  .30  0 

Dredging  Shetland  76  0 

Steamship  Reports  Condensa- 
tion    100  0 

Electrical  Standards 100  0 

Ethyl  and  Methyl  Series 26  0 

Fossil  Crustacea   26  0 

Sound  under  Water  24  4 

North  Greenland  Fauna 75  0 

Do.                  Plant  Beds  100  0 

Lron  and  Steel  Manufacture...  25  0 

Patent  Laws 30  0 

£1739  4 


1869. 

Maintaining   the    Establish- 
ment at  Kew  Observatory. .  600  0  0 

Lunar  Committee 60  0  0 

Metrical  Committee  26  0  0 

Zoological  Record 100  0  0 

Committee  on  Gases  in  Deep- 
well  Water 26  0  0 

British  Rainfall 50  0  0 

Thermal  Conductivity  of  Iron, 

&c 30  0  0 

Kent's  Hole  Explorations 160  0  0 

Steamship  Performances  30  0  0 

Chemical      Constitution     of 

Cast  Iron 80  0  0 

Iron  and  Steel  Manufacture     100  0  0 

Methyl  Series 30  0  0 

Organic    Remains  in   Lime- 

stoncRocks 10  0  0 

Earthquakes  in  Scotland 10  0  0 

British  Fossil  Corals    60  0  0 

Bagshot  Leaf-beds    30  0  0 

Fossil  Flora    26  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature...    30  0  0 
Spectroscopic   Investigations 

of  Animal  Substances  6  0  0 

Organic  Acids    12  0  0 

Kiltoro^n  Fosails    , 20  0  0 
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i,  s.  d. 
Chemical    Ck)nstitation    and 
Physiological  Action  Rela- 
tions         16  0  0 

Mountain  Limestone  Fossils      25  0  0 

Utilisation  of  Sewage 10  0  0 

Products  of  Digestion 10  0  0 

£1622  0~0 


£  9,  d. 
Fossil    Coral    Sections,    for 

Photographing  20  0  0 

Bagshot  Leaf -beds    20  0  0 

Moab  Explorations   100  0  0 

Gaussian  Ck>nstants 40  0  0 

£1472  2  6 


1870. 

Maintaining   the    Establish- 
ment at  Kew  Observatory    600 

Metrical  Committee 25 

Zoological  Record 100 

Committee  on  Marine  Fauna     20 

Ears  in  Fishes 10 

Chemical    Nature    of    Cast 

L-on 80 

Luminous  Meteors    30 

Heat  in  the  Blood 15 

British  Rainfall 100 

Thermal     Conductivity      of 

Iron,  &c 20 

British  Fossil  Corals 50 

Kent's  Hole  Explorations    ...  150 

Scottish  Earthquakes  4 

Bagshot  Leaf-beds    15 

Fossil  Flora    25 

Tidal  Observations   100 

Underground  Temperature ...  50 
Eiltorcan  Quarries  Fossils  ...  20 
Mountain  Limestone  Fossils      25 

Utilisation  of  Sewage 60 

Organic  Chemical  Compounds    30 

Onny  River  Sediment  3 

Mechanical     Equivalent    of 
Heat 60 

£1572 
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1871. 

Maintaining   the    Establish- 
ment at  Kew  Observatory    600 
Monthly  Reports  of  Progress 

in  Chemistry 100 

Metrical  Committee 25 

Zoological  Record 100 

Thermal  Equivalents  of  the 

Oxides  of  Chlorine   10 

Tidal  Observations   100 

Fossil  Flora   25 

Luminous  Meteors    30 

British  Foseil  Corals    25 

Heat  in  the  Blood 7 

British  Rainfall 50 

Kent*8  Hole  Explorations  ...  150 

Fossil  Crustacea  '. 2B 

Meihyl  Compounds 25 

LucaxCbi«cts  20 


0     0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1872. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    800  0  0 

Metrical  Committee 75  0  0 

Zoological  Record 100  0  0 

Tidal  Committee  200  0  0 

Carboniferous  Corals    25  0  0 

Organic  Chemical  Compounds    25  0  0 

Exploration  of  Moab 100  0  0 

Terato-embryological    Inqui- 
ries       10  0  0 

Kent's  Cavern  Exploration..    100  0  0 

Luminous  Meteors    20  0  0 

Heat  in  the  Blood 15  0  0 

Fossil  Crustacea   25  0  0 

Ifossil  Elephants  of  Malta  ...     25  0  0 

Lunar  Objects    20  0  0 

Inverse  Wave-  lengths 20  0  0 

British  Rainfall 100  0  0 

Poisonous  Substances  Anta- 
gonism      10  0  0 

Essential  Oils,  Chemical  Con- 
stitution, &c 40  0  0 

Mathematical  Tables    50  0  0 

Thermal  Conductivity  of  Me- 
tals       25  0  0 

£1285  0  0 


I  1873. 

I  Zoological  Record 100  0  0 

'  Chemistry  Record 200  0  0 

Tidal  Committee  400  0  0 

I  Sewage  Committee  100  0  0 

!  Kent's  Cavern  Exploration...  150  0  0 

I  Carboniferous  Comls    25  0  0 

I  Fossil  Elephants 25  0  0 

Wave-lengths    150  0  0 

I  British  Rainfall 100  0  0 

I  Essential  Oils 30  0  0 

I  Mathematical  Tables   100  0  0 

I  Gaussian  Constants  10  0  0 

1  Sub- Wealden  Explorations...     25  0  0 

Underground  Temperature...  150  0  0 

Settle  Cave  Exploration  50  0  0 

Fossil  Flora,  Ireland 20  0  0 

Timber  Denudation  and  Rain- 
fall   ;^    20  0  0 

Luminous  Meteors 30  0  0 

'  £1685  0  0 
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1874. 

£  8.  d. 

Zoological  Record 100  0  0 

Chemistry  Kecord 100  0  0 

Mathematical  Tables    100  0  0 

Elliptic  Functions 100  0  0 

Lightning  Conductors 10  0  0 

Thermal      Conductivity      of 

Rocks  ; 10  0  0 

Anthropological  Instructions  50  0  0 

Kent's  Cavern  Exploration...  150  0  0 

Luminous  Meteors    30  0  0 

Intestinal  Secretions    16  0  0 

British  Rainfall 100  0  0 

Essential  Oils 10  0  0 

Sub-Wealden  Explorationfi...  25  0  0 

Settle  Cave  Exploration 50  0  0 

Mauritius  Meteorology    100  0  0 

Magnetisation  of  Iron 20  0  0 

Marine  Organisms 30  0  0 

Fossils,  North- West  of  Scot- 
land   2  10  0 

Physiological  Action  of  Light  20  0  0 

Trades  Unions   25  0  0 

Mountain  Limestone-corals  25  0  0 

Erratic  Blocks   10  0  0 

Dredging,  Durham  and  York- 
shire Coasts    28  5  0 

High  Temperature  of  Bodies  30  0  0 

Siemens 's  PjTometer    3  6  0 

Labyrinthodonts      of     Coal- 
measures 7  15  0 

£1151  16  0 

1876. 

Elliptic  Functions    100  0  0  ' 

Magnetisation  of  Iron 20  0  0  | 

British  Rainfall 120  0  0  ' 

Luminous  Meteors    ?A)  0  0 

Chemistry  Record 100  0  0  t 

Specific  Volume  of  Liquids...  25  0  0  I 
Estimation    of    Potash    and                      | 

Phosphoric  Acid 10  0  0  ' 

Isometric  Cresols  20  0  0 

Sub- Wealden  Explorations...  100  0  0 

Kent's  Cavern  Exploration...  100  0  0 

Settle  Cave  Exploration 50  0  0 

Earthquakes  in  Scotland 15  0  0  I 

Underground  Waters    10  0  0  i 

Development     of     Mj-xinoid  I 

Fishes 20  0  0  ' 

Zoological  Record 100  0  0 

Instructions  for  Travellers  ...  20  0  0 

Intestinal  Secretions    20  0  0  ' 

Palestine  Exploration 100  0  0  ' 

£'l>60  0  0 

1876.  — — 

Printing  Mathematical  Tables  159  4  2 

British  Rainfall lOO  0  0 

Ohm's  Law 9  15  o 

Tide-Calculating  Machine  ...  200  0  o  . 

Specific  Volume  of  Liquids...  25  0  0 


£  f.  d. 

Isomeric  Cresols    iO  0  0 

Action  of  Ethyl  Bromobuty- 
rate    on   Ethyl     Sodaceto- 

■    acetate 5  0  0 

Estimation    of     Potash    and 

Phosphoric  Acid 13  0  0 

Exploration  of  Victoria  Cave  100  0  0 

Geological  Record 100  0  0 

Kent's  Cavern  Exploration...  100  0  0 
Thermal     Conductivities    of 

Rocks  10  0  0 

Underground  Waters   10  0  0 

Earthquakes  in  Scotland 1  10  0 

Zoological  Record 100  0  0 

Close  Time 5  0  0 

Physiological       Action       of 

Sound 25  0  0 

Naples  Zoological  Station  ...     75  0  0 

Intestinal  Secretions    16  0  0 

Physical  Characters  of  Inha- 
bitants of  British  Isles 13  15  0 

Measuring  Speed  of  Ships  ...     10  0  0 
Effect  of  Propeller  on  turning 

of  Steam-vessels   5  o  o 

£1002  4  2 


1877. 
Liquid     Carbonic    Acid     in 

Minerals 20 

Elliptic  Functions    250 

Thermal      Conductivity     of 

Rocks  0 

Zoological  Record 100 

Kent's  Cavern    100 

Zoological  Station  at  Naples    75 

Luminous  Meteors    .30 

Ela^sticity  of  Wires  100 

l)ipterocarpe:e.  Report  on    ...     20 
Mechanical      Equivalent     of 

Heat 35 

Double  Compounds  of  Cobalt 

and  Nickel 8 

Underground  Temperatiu-e...     50 

Settle  Cave  Exploration 100 

Underground  Waters  in  New 

Red  Sandstone  10 

Action  of  Ethyl  Bromobuty- 

rate  on    Ethyl    Sodaceto- 

acetate    10 

British  Earthworks  25 

Atmospheric    Electricity     In 

India    15 

Development  of  Light  from 

Cxjal-gas 20 

Estimation    of    Potash     and 

Phosphoric  Acid 1 

Geological  Record 100 

Anthropometric  Committee        34 
Physiological  Action  of  Phos- 
phoric Acid,  &c....*. 15 

£1128 
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1878. 

Exploration  of  Settle  Caves     100    0    0 

Geological  Record 100    0    0 

Investigation  of  Pulse  Pheno- 
mena by  means  of  Siphon 
Recorder 10    0    0 

Zoological  Station  at  Naples      76    0    0 

Investigation  of  Underground 
Waters 15    0    0 

Transmission  of  BlectricAl 
Impulses  through  Nerve 
Structure 80    0    0 

Calculation  of  Factor  Table 
for  4th  Million 100    0    0 

Anthropometric  Committee.* .    66    0    0 

Composition  and  Structure  of 
less-known  Alkaloids  25    0    0 

Exploration  of  Kent's  Cavern    50    0    0 

Zool<^cal  Record 100    0    0 

Fermanagh  Caves  Explora- 
tion      15    0    0 

Thermal  Conductivity  of 
Rocks  4  16    6 

Luminous  Meteors 10    0    0 

Ancient  Earthworks 25    0    0 

£725  16    6 


1879. 

Table  at  the  Zoological 
Station,  Naples 75 

Miocene  Flora  of  the  Basalt 
of  the  North  of  Ireland    ...     20 

Illustrations  for  a  Monograph 
on  the  Mammoth  17 

Record  of  Zoological  Litera- 
ture   loo 

Composition  and  Structure  of 

less-known  Alkaloids    25 

Exploration     of      Caves     in 

Borneo     50 

Kent's  Cavern  Exploration...  100 
Record    of    the  Progress    of 

Geology  100 

Fermanagh  Caves  Exploration      5 
Electrolysis  of  Metallic  Solu- 
tions    and     Solutions     of 

Compound  Salts 25 

Anthropometric  Committee...     50 
Natural  History  of  Socotra ...  100 
Calculation  of  Factor  Tables 
for  5th  and  6th  Millions  ...  150 

Underground  Waters 10 

Hteering  of  Screw  Steamers...     10 
Improvements    in     Astrono- 
mical Clocks  30 

Marine     Zoology    of    South 

Pevon 20 

Determination  of  Mechanical 
^  Eq^ujvalent  of  Heat  12 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

6 

£    s.  d. 

Specific  Inductive  Capacity 
of  Sprengel  Vacuum 40    0    0 

Tables  of  Sun-heat  Co- 
efficients      30    0    0 

Datum  Level  of  the  Ordnance 

Survey 10    0    0 

Tables  of  Fundamental  In- 
variants of  Algebraic  Forms    36  14     9 

Atmospheric  Electricity  Ob- 
servations in  Madeira 15    0    0 

Instrument     for      Detecting 

Fire-damp  in  Mines 22    0    0 

Instruments    for    Measuring 

the  Speed  of  Ships    17     18 

Tidal    Observations    in    the 

English  Channel    10    0    0 

jeiOSO  11  11 


1880. 

Now  Form  of  High  Insulation 

Key 10    0    0 

Underground  Temperature ...     10    0    0 

Determination  of  the  Me- 
chanical Equivalent  of 
Heat    8     5     0 

Elasticity  of  Wires  60    0    0 

Luminous  Meteors    .30    0    0 

Lunar  Disturbance  of  Gravity    30    0    0 

Fundamental  Invariants 8     5    0 

Laws  of  Water  Friction 20    0    0 

Specific  Inductive  Capacity 
of  Sprengel  Vacuum 20    0    0 

Completion  of  Tables  of  Sun- 
heat  Coefficients    60    0    0 

Instrument  for  Detection  of 
Fire-damp  in  Mines 10    0    0 

Inductive  Capacity  of  Crystals 
and  Paraffines    4  17    7 

Report  on  Carboniferous 
Polysoa   10    0    0 

Caves  of  South  Ireland    10    0    0 

Viviparous  Nature  of  Ichthyo- 
saurus       10    0    0 

Kent's  Cavern  Exploration...     50    0    0 

Geological  Record 100    0    0 

Miocene  Flora  of  the  Basalt 
of  North  Ireland   15    0    0 

Underground  Waters  of  Per- 
mian Formations  5    0    0 

Record  of  Zoologfical  Litera- 
ture   100    0    0 

Table  at  Zoological  Station 
at  Naples    75    0    0 

Invest ijoration  of  the  Geology 
and  Zoology  of  Mexico 50    0    0 

Anthropometry 60    0    0 

Patent  Laws  5    0    0 

£73i     7     7 
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1881. 

Lunar  Disturbance  of  Gravity    30 

Underground  Temperature ...  20 

Electrical  Standards 25 

High  Insulation  Key 5 

Tidal  Observations    10 

Specific  Refractions  7 

Fossil  Polyzoa    10 

Underground  Waters    10 

Earthquakes  in  Japan 25 

Tertiary  Flora    20 

Scottish  Zoological  Station  ...  60 

Naples  Zoological  Station    ...  75 

Natural  History  of  Socotra  ...  50 
Authropologicad    Notes    and 

Queries    9 

Zoological  Record 100 

Weights     and     Heights    of 

Human  Beings  30 

£476 


1883. 


s.  d. 
0  0 
0    0 


0    0 


0    0 
0    0 


0    0 
0     0 

0     0 


3     1 


1882. 
Exploration  of  Central  Africa  100    0    0 
Fundamental    Invariants    of 

Algebraical  Forms 76     1  11 

Standards      for      Electrical 

Measurements   100    0     0 

.  Calibration  of  Mercurial  Ther- 
mometers         20    0     0 

Wave-length  Tables  of  Spec- 
tra of  Elements 50    0     0 

rhotographing      Ultra-violet 

Spark  Spectra    25     0    0 

Geological  Record 100    0    0 

Earthquake     Phenomena    of 

Japan  25     0     0 

Conversion    of    Sedimentary 
Materials  into  Metamorphic 

Rocks  10    0    0 

Fossil  Plants  of  Halifax  15     0    0 

Geological  Map  of  Europe  ...     25    0     0 
Circulation  of   Underground 

Waters 15     0    0 

Tertiary   Flora  of  North  of  I 

Ireland    20    0    0  I 

British  Polyzoa 10    0    0  • 

Explorat  ion  of  Caves  of  South  I 

of  Ireland   10    0     0 

ExplorationofRaygill  Fissure    20    0    0 
Naples  Zoological  Station   ...     80    0    0  i 
Albuminoid     Substances     of  I 

Scrum 10    0     0  ! 

Elimination  of  Nitrogen   by 

Bodily  Exercise 60    0    0 

Migration  of  Birds    15    0    0 

NaturalHistory  of  Socotra...  100    0    0 
Natural  History  of  Timor-laut  100    0    0 
Eecord  of  Zoological  Litera- 
ture   100    0    0 

Anthropometric  Coimiuttee...    50    0    0 
£1120    1  11 


Meteorological    Observations 

on  Ben  Nevis 60    0    0 

Isomeric  Naphthalene   Deri- 
vatives  , 15    0    0 

Earthquake    Phenomena    of 

Japan  50    0    0 

Fossil  Plants  of  Halifax 20    0    0 

British  Fossil  Polyzoa 10    0    0 

Fossil  Phyllopoda  of  Palteo- 

zoic  Rocks  25    0    0 

Erosion  of  Sea-coast  ot  Eng- 
land and  Wales 10    0    0 

Circulation  of    Underground 

Waters 15    0    0 

I    Geological  Record 50    0    0 

'    Exploration  of  Caves  in  South 

1       of  Ireland  10    0    0 

Zoological  Literature  Record  100    0    0 

Migration  of  Birds   20    0    0 

;   Zoological  Station  at  Naples    80    0    0 
I    Scottish  Zoological  Station...     25     0    0 
Elimination  of   Nitrogen  by 

BodUy  Exercise 38    3    3 

I   Exploration  of  Mount  Kili- 

ma-njaro 600    0    0 

I   Investigation    of     Loughton 

Camp  10     0    0 

I    Natural  History  of  Timor-laut    60     0    0 
Screw  Gauges 5     0    0 


£1083     3    3 


1884. 
Meteorological    Observations 

on  Ben  Nevis 50     0    0 

Collecting  and   Investigating 

Meteoric  Dust 20     0    0 

Meteorological  Observatory  at 

Chepstow 25 

Tidal  Observations 10 

Ultra  Violet  Spark  Spectra  ...  8 
Earthquake     Phenomena     of 

Japan   75 

Fossil  Plants  of  Halifax  15 

Fossil  Polyzoa 10 

Erratic  Blocks  of  England  ...  10 
Fossil  Phvllopoda  of  Palieo- 

zoic  Rocks   15 

Circulation    of    Underground 

Waters 6 

International  Geological  Map  20 
Bibliography    of    Groups    of 

Invertebrata   60 

Natural  History  of  Timor-laut  50 
Naples  Zoological  Station  ...  80 
Exploration   of   Mount  Kili- 

ma-njaro,  East  Africa   500 

Migration  of  Birds 20 

Coagulation  of  Blood 100 

Zoological  LiteraturiB  Record  100 
Anthropometric  Committee...     10 

£1173     4    0 
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1885. 

Synoptic  Chart  of  Indian 
Ocean  50    0    0 

Reduction  of  Tidal  Observa- 
tions      10    0    0 

Calcnlating  Tables  in  Theory 
of  Numbers.,. 100    0    0 

Meteorological  Observations 
onBenNevis -50    0    0 

Meteoric  Dust    70    0    0 

Vapour  Pressures,  &c.,  of  Salt 
Solutions 25    0    0 

Physical  Constants  of  Solu- 
tions     20    0    0 

Volcanic  Phenomena  of  Vesu- 
vius       25    0    0 

Raygill  Fissure  15    0    0 

Earthquake  Phenomena  of 
Japan  70    0    0 

FossU  Phyllopodaof  Palasozoic 
Rocks  25    0    0 

Fossil  Plants  of  British  Ter- 
tiary and  Secondary  Beds...     50    0    0 

Oeolc^ical  Record 50    0    0 

Circulation  of  Underground 
Waters 10    0    0 

Naples  Zoological  Station    ...  100    0    0 

Zoological  Literature  Record.  100    0    0 

Migration  of  Birds    30    0    0 

Exploration  of  Mount  Kilima- 
njaro         25    0    0 

Recent  Polyzoa 10    0    0 

Granton  Biological  Station  ...  100    0    0 

Biological  Stations  on  Coasts 
of  United  Kingdom  150    0    0 

Exploration  of  New  Guinea...  200    0    0 

Exploration  of  Mount  Roraima  100    0    0 

£1386    0    0 


1886. 

Electrical  Standards 40  0  0 

Sohir  Radiation 9  10  6 

Tidal  Obaervations    60  0  0 

Magnetic  Observations 10  10  0 

Observations  on  Ben  Nevis ...  100  0  0 
Physical  and  Chemical  Bear- 

iz^  of  Electrolysis  20  0  0 

Chemical  Nomenclature  5  0  0 

KossU  Plants  of  British  Ter- 
tiary and  Secondary  Beds...  20  0  0 

l^ves  in  North  Wales  26  0  0 

Volcanic  Phenomena  of  Vesu- 
vius    30  0  0 

Geological  Record 100  0  0 

Pahec^io  Phyllopoda  16  0  0 

Zoological  Literature  Record .  100  0  0 

Granton  Biological  Station ...  76  0  0 

Naples  Zoological  Station 50  0  0 

Researches  in  Food-Fishes  and 

Invertebrataat  St.  Andrews  76  0  0 
1901. 


£  *,  d. 

Migration  of  Birds  30  0  0 

Se(^tion  of  Urine 10  0  0 

Exploration  of  New  Guinea...  150  0  0 
Regulation  of  Wages   under 

Sliding  Scales    10  0  0 

Prehistorio    Race    in    Greek 

Islands 20  0  0 

North- Western  Tribes  of  Ca- 
nada      50  0  0 

£995~  0~~6 


1887. 

Solar  Radiation 18  10  0 

Electrolysis .30  0  0 

Ben  Nevis  Observatory 75  0  0 

Standards    of    Light    (1886 

grant) 20  0  0 

Standards    of     Light    (1887 

grant) 10  0  0 

Harmonic  Analysis  of  Tidal 

Observations 15  0  0 

Magnetic  Observations 26  2  0 

Electrical  Standards 50  0  0 

Silent  Discharge  of  Electricity  20  0  0 

Absorption  Spectra   40  0  0 

Nature  of  Solution    20  0  0 

Influence  of  Silicon  on  Steel  30  0  0 
Volcanic  Phenomena  of  Vesu- 
vius    20  0  0 

Volcanic  Phenomena  of  Japan 

(1886  grant)  50  0  0 

Volcanic  Phenomena  of  Japan 

(1887grant)  50  0  0 

Cae  Gwyn  Cave,  N.  Wales  ...  20  0  0 

Erratic  Blocks    10  0  0 

Fossil  Phyllopoda 20  0  0 

Coal  Plants  of  Halifax 25  0  0 

Microscopic  Structure  of  the 

Rocks  of  Anglesey 10  0  0 

Exploration  of    the    Eocene 

Bedsof  the  Isle  of  Wight...  20  0  0 

Underground  Waters    6  0  0 

*  Manure' Gravels  of  Wexford  10  0  0 

Provincial  Museums  Reports  5  0  0 

Lymphatic  System    25  0  0 

Naples  Biological  Station    ...  100  0  0 

Plymouth  Biological  Station  60  0  0 

Granton  Biological  Station ...  76  0  0 

Zoological  Record lOO  0  0 

Flora  of  China  76  0  0 

Flora    and    Fauna    of    the 

Cameroons 75  0  0 

Migration  of  Birds    30  0  0 

Bathy-hypsographical  Map  of 

British  Isles   7  6  0 

Regulation  of  Wages    10  0  0 

Prehistoric    Race    of    Greek 

Islands 20  0  0 

Racial  Photographs,  Egyptian  20    0  0 

£1186  18  a 
g    ~ 

Digitized  by  VjOOQIC 


CXIV 


REPORT — 1901. 


1888. 

£  9.  d. 

Ben  Nevis  Observatory 150  0  0 

Electrical  Standards 2  6  4 

Magnetic  Observations 16  0  0 

Standards  of  Light   79  2  3 

Electrolysis    30  0  0 

Uniform     Nomenclature     in 

Mechanics  10  0  0 

Silent    Discharge    of    Elec- 
tricity   9  11  10 

Properties  of  Solutions     25  0  0 

Influence  of  Silicon  on  Steel  20  0  0 
Methods  of  Teaching  Chemis- 
try      10  0  0 

Isomeric  Naphthalene  Deriva- 
tives   25  0  0 

Action  of  Light  on  Hydracids  20  0  0 

Sea  Beach  near  Bridlington...  20  0  0 

Geological  Record 50  0  0 

Manure  Gravels  of  Wexford...  10  0  0 

Erosion  of  Sea  Coasts  10  0  0 

Underground  Waters    5  0  0 

PalsBontographical  Society  ...  50  0  0 
Pliocene  Fauna  of  St.  Erth...  50  0  0 
Carboniferous  Flora  of  Lan- 
cashire and  West  Yorkshire  25  0  0 
Volcanic  Phenomena  of  Vesu- 
vius   20  0  0 

Zooloj?y  and  Botany  of  West 

Indies 100  0  0 

Flora  of  Bahamas 100  0  0 

Development  of  Fishes — St. 

Andrews 50  0  0 

Marine  Laboratory,  Plymouth  100  0  0 

Migration  of  Birds    30  0  0 

Flora  of  China  75  0  0 

Naples  Zoological  Station   ...  100  0  0 

Lymphatic  System    25  0  0 

Biological  Station  at  Qranton  50  0  0 

Peradeniya  Botanical  Station  50  0  0 

Development  of  Teleostei    ...  15  0  0 
Depth  of  Frozen  Soil  in  Polar 

Regions  5  0  0 

Precious  Metals  in  Circulation  20  0  0 
Value  of  Monetary  Standard  10  0  0 
Effect  of  Occupations  on  Phy- 
sical Development 25  0  0 

North- Western       Tribes     of 

Canada    100  0  0 

Prehistoric    Race   in    Greek 

Islands 20  0  0 

£1511  0  5 


1889. 

Ben  Nevis  Observatory 50  0  0 

Electrical  Standards 75  0  0 

Electrolysis 20  0  0 

Surface  Water  Temperature...  30  0  0 
Silent  Discharge  of  Electricity 

on  Oxygen  6  4  8 


I                                                         £  1.  <f. 

I  Methods  of  teaching  Chemis- 

I       try    10  0  0 

\  Action  of  Light  on  Hydracids    10  0  0 

Geological  Record 80  0  0 

I  Volcanic  Phenomena  of  Japan    25  0  0 

I  Volcanic  Phenomena  of  Vesu- 

I       vius 20  0  0 

'  Palaeozoic  Phyllopoda  20  0  0 

Higher  Eocene  Beds  of  Isle  of 

I       Wight 15  0  0 

West  Indian  Explorations   ...  100  0  0 

Flora  of  China  25  0  0 

'  Naples  Zoological  Station   ...  100  0  0 
Physiology     of     Lymphatic 

I       System    25  0  0 

'  Experiments  with  a  Tow-net      6  16  3 
Natural  History  of  Friendly 

I       Islands 100  0  0 

'  Geology  and   Geography   of 

I       Atlas  Range 100  0  0 

Action  of  Waves  and  Currents 

in  Estuaries   100  0  0 

North- Western      Tribes      of 

Canada    150  0  0 

Nomad  Tribes  of  Asia  Minor    30  0  0 

Corresponding  Societies  20  0  0 

Marine  Biological  Association  200  0  0 

*  Baths  Conmiittee,'  Bath 100  0  0 

£l4i7~0~Tr 


1890. 

Electrical  Standards 12  17  0 

Electrolysis    6  0  0 

Electro-optics 60  0  0 

Mathematical  Tables    25  0  0 

Volcanic   and    Seismological 

Phenomena  of  Japan    75  0  0 

Pellian  Equation  Tables 15  0  0 

Properties  of  Solutions    10  0  0 

International  Standard  for  the 

Analysis  of  Iron  and  Steel  10  0  0 
Influence  of  the  Silent  Dis- 
charge  of    Electricity  on 

Oxygen   6  0  0 

Methods  of  teachingChemistry  10  0  0 
Recording  Results  of  Water 

Analysis 4  10 

Oxidation   of    Hydracids   in 

Sunlight 15  0  0 

Volcanic  Phenomena  of  Vesu- 
vius   20  0  0 

Palaeozoic  Phyllopoda  10  0  0 

Circulation  of   Underground 

Waters 5  0  0 

Excavations  at  Oldbury  Hill  15  0  0 

Cretaceous  Polyzoa  10  0  0 

Geological  Photographs  7  14  11 

Lias  Beds  of  NorUiampton  ...  25  0  0 
Botanical  Station  at  Perade- 
niya   26  0  O 
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£  9. 

Experimentfi    with    a    Tow- 
net  4  3 

Naples  Zoological  Station    ...  100  0 
Zoology  and  Botany  of  the 

West  India  Islands  100  0 

Marine  Biological  Association    30  0 
Action  of  Waves  and  Currents 

in  Estuaries    150  0 

Qraphic  Methods  in  Mechani- 
cal Science 11  0 

Anthropometric  Calculations      5  0 

Nomad  Tribes  of  Asia  Minor    25  0 

Corresponding  Societies  20  0 

i799l6" 


1891. 

Ben  Nevis  Observatory 50    0    0 

Electrical  Standards 100    0    0 

Electrolysis 5    0    0  | 

Seismological  Phenomena  of  i 

Japan  10    0    0  | 

Temperatures  of  Lakes 20    0    0  | 

Photographs  of  Meteorological 
Phenomena 5    0    0  ' 

Discharge  of  Electricity  from 
Points 10    0    0  I 

Ultra  Violet  Rays    of  Solar 
Spectrum     60    0    0 

International    Standard    for 
Analysisof  Iron  and  Steel...     10    0    0 

Isomeric  Naphthalene  Deriva- 
tives..     25    0    0  , 

Formation  of  Haloids  25    0    0  > 

Action  of  Light  on  Dyes 17  10    0 

Geological  Record 100    0    0 

Volcanic  Phenomena  of  Vesu- 
vius       10    0    0 

Fossil  Phyllopoda 10    0    0 

Photog^phs    of    Geological 
Interest    9    5    0 

lias  of  Northamptonshire    ...     25    0    0 

Registration    of   Type-Speci- 
mens of  British  Fossils......       5    5    0 

Investigation  of  Elbolton  Cave    25    0    0 

Botanical    Station    at    Pera- 
deniya 50    0    0 

Experiments  with  a  Tow-net     40    0    0 

Marine  Biological  Association    12  10    0 

Disi^jpearance     of      Native 
Plants 5    0    0 

Action  of  Waves  and  Currents 
m  Estuaries    125    0    0 

Anthropometric  Calculations      10    0    0 

New  Edition  of  'Anthropo- 
logical Notes  and  Queries '    50    0    0 

North  -  Western    Tribes    of 

Canada    200    0    0 

Corresponding  Societies  25    0    0 

£Uyz9  10    b 


1892. 

£  *,  J. 

Observations  on  Ben  Nevis  ...  60    0  0 
PhotograjAsof  Meteorological 

Phenomena 15  0  0 

Pellian  Equation  Tables 10  0  0 

Discharge  of  Electricity  from 

Pohits 50  0  0 

Seismological  Phenomena  of 

Japan  10  0  0 

Formation  of  Haloids  12  0  0 

Properties  of  Solutions    10  0  0 

Action   of    Light   on    Dyed 

Colours    10  0  0 

Erratic  Blocks    15  0  0 

Photographs    of     Geological 

Interest   20  0  0 

Underground  Waters    10  0  0 

Investigation     of     Elbolton 

Cave 25  0  0 

Excavations  at  Oldbury  Hill  10  0  0 

Cretaceous  Polyzoa   10  0  0 

Naples  Zoological  Station   ...  100  0  0 

Marine  Biological  Association  17  10  0 

Deep-sea  Tow-net 40  0  0 

Fauna  of  Sandwich  Islands...  100  0  0 
Zoology  and  Botany  of  West 

India  Islands 100  0  0 

Climatology  and  Hydrography 

of  Tropical  Africa 50  0  0 

Anthropometric  Laboratory...  5  0  0 
Anthropological    Notes    and 

Queries    20  0  0 

Prehistoric  Remains  in  Ma- 

shonaland   60  0  0 

North  -  Western     Tribes     of 

Canada    100  0  0 

Corresponding  Societies  25  0  0 

£864~  fo  0 


1803. 

Electrical  Standards 25  0  0 

Observations  on  Ben  Nevis  ...  150  0  0 

Mathematical  Tables   15  0  0 

Intensity  of  Solar  Radiation  2  8  6 
Magnetic  Work  at  the  Fal- 
mouth Observatory   25  0  0 

Isomeric  Naphthalene   Deri- 
vatives      20  0  0 

Erratic  Blocks   10  0  0 

Fossil  Phyllopoda 6  0  0 

Underground  Waters   5  0  0 

Shell-bearing     Deposits     at 

Clava,  Chapelhall,  &c 20  0  0 

Eurypterids  of  the  Pentland 

HiUs 10  0  0 

Naples  Zoological  Station    ...  100  0  0 

Marine  Biological  Association  30  0  0 

Fauna  of  Sandwich  Islands  100  0  0 
Zoology  and  Botany  of  West 

Indialslands 50  0  0 
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Exploration  of  Irish  Sea 30  0  0 

Physiological       Action       of 

Oxygen  in  Asphyxia 20  0  0 

Index  of  Genera  and  Species 

of  Animals 20  0  0 

Exploration    of    Earakoram 

Mountains 60  0  0 

Scottish  Place-names   7  0  0 

Climatology  and  Hydro- 
graphy of  Tropical  Africa  50  0  0 

Economic  Training  3  7  0 

Anthropometric     Laboratory  5  0  0 

Exploration  in  Abyssinia 25  0  0 

North-Westem      Tribes     of 

Canada    100  0  0 

Corresponding  Societies  30  0  0 

£907  15"6 


1801. 

Electrical  Standards 25    0    0 

Photographs  of  Meteorological 
Phenomena 10    0    0 

Tables  of  Mathematical  Func- 
tions         15    0    0 

Intensity  of  Solar  Radiation      5    5    6 

Wave-length  Tables 10    0    0 

Action  of  Light  upon  Dyed 

Colours    5    0    0 

Erratic  Blocks   15    0    0 

Fossil  Phyllopoda 6    0    0 

Shell -bearing     Deposits    at 
Clava,&c 20    0    0 

Eurypterids  of  the  Pentland 
Hills 6    0    0 

Ne>v  Scions  of  Stonestield 
Slate    U    0    0 

Observations    on    Earth-tre- 
mors        60    0    0 

Exploration    of     Calf  -  Hole 
Cave 5    0    0 

Naples  Zoological  Station   ...  100    0    0 

Marine  Biological  Association      5    0    0 

Zoology    of    the    Sandwich  1 

Islands    100    0    0  ' 

Zoology  of  the  Irish  Sea 40    0    0  ! 

Structure  and  Function  of  the  | 

Mammalian  Heart 10    0    0  , 

Exploration  in  Abyssinia    ...     30    0    0  i 

Economic  Training  9  10    0  ! 

Anthropometric     Laboratory  i 

Statistics 5    0    0 

Ethnographical  Survey    10    0    0 

The  Lake  Village  at  Glaston- 
bury      40    0    0 

Anthropometrical     Measure-  I 

ments  in  Schools  6    0    0  t 

Mental  and  Physical  Condi- 
tion of  Children 20    0    0 

Corresponding  Societies  26    0    0 

£583  15"6 


1895. 

£    9.  d. 

Electrical  Standards 25    0    0 

Photographs  of  Meteorological 
Phenomena 10    0    0 

Earth  Tremors  75    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Reduction  of  Magnetic  Obser- 
vations made  at  Falmouth 
Observatory    60    0    0 

Comparison  of  Magnetic  Stan- 
dards       25    0    0 

Meteorological    Observations 

on  Ben  Nevis 60    0    0 

Wave-length  Tables  of  the 
Spectra  of  the  Elements  ...     10    0    0 

Action  of  Light  upon  Dyed 

Colours 4    6    1 

Formation  of  Haloids  from 
Pure  Materials  20    0    0 
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General  Meetings. 

On  Wednesday,  September  11,  at  8.30  p.m.,  in  St.  Andrew's  Hall, 
■Glasgow,  Sir  William  Turner,  K.C.B.,  F.R.S.,  resigned  the  office  of 
President  to  Professor  A.  W.  Riicker,  D.Sc,  Sec.  R.S.,  F.R.S.,  who  took 
the  Chair,  and  delivered  an  Address,  for  which  see  page  3. 

On  Thursday,  September  12,  at  8.30  p.m.,  a  Soiree  took  place  in  the 
City  Chambers. 

On  Friday,  September  13,  at  8.30  p.m.,  in  St.  Andrew's  Hall,  Pro- 
fessor W.  Ramsay,  F.R.S.,  delivered  a  Discourse  on  *The  Inert  Con- 
stituents of  the  Atmosphere.' 

On  Monday,  September  16,  at  8.30  p.m.,  in  St.  Andrew's  Hall, 
Mr.  Francis  Darwin,  F.R.S.,  delivered  a  Discourse  on  *  The  Movements  of 
Plants.' 

On  Tuesday,  September  17,  at  8.30  p.m.,  a  Soiree  took  place  in 
the  Exhibition  Buildings. 

On  Wednesday,  September  18,  at  2.30  p.m.,  in  the  University,  the  con- 
cluding General  Meeting  took  place,  when  the  Proceedings  of  the  General 
CJommittee  and  the  Grants  of  Money  for  Scientific  Purposes  were  explained 
to  the  Members. 

The  Meeting  was  then  adjourned  to  Belfast.  [The  Meeting  is 
appointed  to  commence  on  Wednesday,  September  10,  1902.] 
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Pkofessok  AETHUR  W.  E0CKEE,  M.A.,  LL.D., 
D.Sc,  SEC.E.S. 

PRESIDENT. 


The  first  thought  in  the  minds  of  all  of  us  to-night  is  that  since  we  met 
last  year  the  great  Queen,  in  whose  reign  nearly  all  the  meetings  of  the 
British  Association  have  been  held,  has  passed  to  her  rest. 

To  Sovereigns  most  honours  and  dignities  come  as  ol  right ;  but  for 
some  of  them  is  reserved  the  supreme  honour  of  an  old  age  softened  by 
the  love  and  benedictions  of  millions  ;  of  a  path  to  the  grave,  not  only 
magnificent,  but  watered  by  the  tears  both  of  their  nearest  and  dearest, 
and  of  those  who,  at  the  most,  have  only  seen  them  from  afar. 

This  honour  Queen  Victoria  won.  All  the  world  knows  by  what 
great  abilities,  by  what  patient  labour,  by  what  infinite  tact  and  kindli- 
ness, the  late  Queen  gained  both  the  respect  of  the  rulers  of  nations  and 
the  affection  of  her  own  subjects. 

Her  reign,  glorious  in  many  respects,  was  remarkable,  outside  these 
islands,  for  the  growth  of  the  Empire  ;  within  and  without  them,  for 
the  drawing  nearer  of  the  Crown  and  the  people  in  mutual  trust ;  while, 
during  her  lifetime,  the  developments  of  science  and  of  scientific  industry 
have  altered  the  habits  and  the  thoughts  of  the  whole  civilised  world. 

The  representatives  of  science  have  already  expressed  in  more  formal 
ways  their  sorrow  at  the  death  of  Queen  Victoria,  and  the  loyalty  and 
confident  hope  for  the  future  with  which  they  welcome  the  accession  of 
King  Edward.  But  none  the  less,  I  feel  sure  that  at  this,  the  first 
meeting  of  the  BritUi  Association  held  in  his  reign,  I  am  only  expressing 
the  universal  opinion  of  all  our  members  when  I  say  that  no  group  of  the 
King's  subjects  trusts  more  implicitly  than  we  do  in  the  ability,  skill, 
and  Judgment  which  His  Maj«'sty  has  already  shown  in  the  exercise  of 
the  powers  and  duties  of  his  august  office  ;  that  none  sympathise  more 
deeply  with  the  sorrows  which  two  great  nations  have  shared,  with  their 
Sovereigns  ;  and  that  none  cry  with  more  fervour,  '  Long  live  the  Eling  I ' 

But4ihis  Meeting  of  the  British  Association  is  not  only  remarkable 
as  b^g  t^e  first  in  a  new  mgn.    It  is  also  the  first  kt  a  new  century. 
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It  is  held  in  Glasgow  at  a  time  when  your  International  Exhibition  has 
in  a  special  sense  attracted  the  attention  of  the  world  to  your  city,  and 
when  the  recent  celebration  of  the  ninth  jubilee  of  your  University  has 
shown  how  deeply  the  prosperity  of  the  present  is  rooted  in  the  past. 
What  wonder,  then,  if  I  take  the  Chair  to  which  you  have  called  me  with 
some  misgivings  1  Bom  and  bred  in  the  South,  I  am  to  preside  over  a 
Meeting  held  in  the  largest  city  of  Scotland.  As  your  chosen  mouth- 
piece I  am  to  speak  to  you  of  science  when  we  stand  at  the  parting  of 
the  centuries,  and  when  the  achievements  of  the  past  and  present,  and 
the  promise  of  the  future,  demand  an  interpreter  with  gifts  of  knowledge 
and  divination  to  which  I  cannot  pretend.  Lastly,  I  am  President  of  the 
British  Association  as  a  disciple  in  the  home  of  the  master,  as  a  physicist 
in  a  city  which  a  physicist  has  made  for  ever  famous.  Whatever  the 
future  may  have  in  store  for  Glasgow,  whether  your  enterprise  is  still  to 
add  wharf  to  wharf,  factory  to  factory,  and  street  to  street,  or  whether 
some  unforeseen  '  tide  in  the  affairs  of  men '  is  to  sweep  energy  and 
success  elsewhere,  fifty- three  years  in  the  history  of  your  city  will  never 
be  forgotten  while  civilisation  lasts. 

More  than  half  a  century  ago,  a  mere  lad  was  the  first  to  compel  the 
British  Association  to  listen  to  the  teaching  of  Joule,  and  to  accept  the 
law  of  the  conservation  of  energy.  Now,  alike  in  the  most  difficult 
mathematics  and  in  the  conception  of  the  most  ingenious  apparatus,  in 
the  daring  of  his  speculations  and  in  the  soundness  of  his  engineering, 
William  Thomson,  Lord  Kelvin,  is  regarded  as  a  leader  by  the  science 
and  industry  of  the  whole  world. 

It  is  the  less  necessary  to  dwell  at  length  upon  all  that  he  has  done, 
for  Lord  Kelvin  has  not  been  without  honour  in  his  own  country.  Many 
of  us,  who  meet  here  to  night,  met  last  in  Glasgow  when  the  University 
and  City  had  invited  representatives  of  all  nations  to  celebrate  the  Jubilee 
of  his  professorship.  For  those  two  or  three  days  learning  was  sur- 
rounded with  a  pomp  seldom  to  be  seen  outside  a  palace.  The  strange 
middle-age  costumes  of  all  the  chief  Universities  of  the  world  were 
jostling  here,  the  outward  signs  that  those  who  were  themselves  distin- 
guished in  the  study  of  Nature  had  gathered  to  do  honour  to  one  of  the 
most  distinguished  of  them  all. 

Lord  Kelvin's  achievements  were  then  described  in  addresses  in  every 
tongue,  and  therefore  I  will  only  remind  you  that  we,  assembled  here 
to-night,  owe  him  a  heavy  debt  of  gratitude ;  for  the  fact  that  the  British 
Association  enters  on  the  twentieth  century  conscious  of  a  work  to  do 
and  of  the  vigour  to  do  it  is  largely  due  to  his  constant  presence  at  its 
Meetings  and  to  the  support  he  has  so  ungrudgingly  given.  We  have 
learned  to  know  not  only  the  work  of  our  great  leader,  but  the  mah 
himself  ;  and  I  count  myself  happy  because  in  his  life-long  home,  under 
the  walls  of  the  University  he  served  so  well,  and  at  a  Meeting  of.  the 
Association  which  his  genius  has  so  often  illuminated,  I  am  allowed,  as 
your  President^  to  assure  him  in  your  name  of  the  admiration,  respect, 
nay^  of  the  affection,  in  which  we  all  hold  him. 
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I  have  already  mentioned  a  number  of  circumstances  which  make  our 
Meeting  this  year  noteworthy  ;  to  these  I  must  add  that  for  the  first  time 
we  have  a  Section  for  Education,  ai|d  the  importance  of  this  new  de- 
parture, due  largely  to  the  energy  of  Professor  Armstrong,  is  emphasised 
by  the  fact  that  the  Chair  of  that  Section  will  be  occupied  by  the 
Vice-President  of  the  Board  of  Education — Sir  John  Qorst.  I  will  not 
attempt  to  forecast  the  proceedings  of  the  new  Section.  Education  is 
passing  through  a  transitional  stage.  The  recent  debates  in  Parliament ; 
the  great  gifts  of  Mr.  Carnegie  ;  the  discussion  as  to  University  organisa- 
tion in  the  North  of  England ;  the  reconstitution  of  the  University  of 
London ;  the  increasing  importance  attached  to  the  application  of  know- 
ledge both  to  the  investigation  of  Nature  and  to  the  purposes  of  industry, 
are  all  evidence  of  the  growing  conviction  that  without  advance  in  educa- 
tion we  cannot  retain  our  position  among  the  nations  of  the  world.  If 
the  British  Association  can  provide  a  platform  on  which  these  matters 
may  be  discussed  in  a  scientific  but  practical  spirit,  free  fro;n  the  mis- 
representations of  the  hustings  and  the  exaggerations  of  the  partisan,  it 
will  contribute  in  no  slight  measure  to  the  national  welfare. 

But  atnid  the  old  and  new  activities  of  our  meeting  the  undertone 
of  sadness,  which  is  never  absent  from  such  gatherings,  will  be  painfully 
apparent  to  many  of  us  at  Glasgow.  Our  sympathy  goes  out  to  the  sister 
nation  across  the  sea,  which  is  watching  by  the  sick-bed  on  which  the 
President  of  the  United  States  has  been  stretched  by  a  coward  hand. 
You  will,  I  am  sure,  be  glad  to  hear  that  the  General  Committee  has 
already  telegraphed,  in  the  name  of  the  Association,  to  President  McEinley 
assuring  him  of  their  earnest  hopes  for  his  speedy  and  complete  recovery. 
Nearer  home  the  life-work  of  Professor  Tait  has  ended  amid  the  gloom  of 
the  war-cloud.  A  bullet,  fired  thousands  of  miles  away,  struck  him  to 
the  heart,  so  that  in  their  deaths  the  father  and  the  brave  son,  whom  he 
loved  so  well,  were  not  long  divided.  Within  the  last  year,  too,  America 
has  lost  Rowland  ;  Viriamu  Jones,  who  did  yeoman's  service  for  educa- 
tion and  for  science,  has  succumbed  to  a  long  and  painful  illness  ;  and  one 
who  last  year  at  Bradford  seconded  the  proposal  that  I  should  be  your 
President  at  Glasgow,  and  who  would  unquestionably  have  occupied  this 
Chair  before  long  had  he  been  spared  to  do  so,  has  unexpectedly  been  called 
away.  A  few  months  ago  we  had  no  reason  to  doubt  that  George 
Francis  FitzGerald  had  many  years  of  health  and  work  before  him.  He 
had  gained  in  a  remarkable  way  not  only  the  admiration  of  the  scientific 
world,  but  the  affection  of  his  friends,  and  we  shall  miss  sadly  one  whom 
we  all  cared  for,  and  who,  we  hoped,  might  yet  add  largely  to  the 
achievements  which  had  made  him  famous. 

The  Science  of  the  Nineteenth  Century, 

Turning  from  these  sad  thoughts  to  the  retrospect  of  the  century 
which  has  so  lately  ended,  I  have  found  it  to  be  impossible  to  free  myself 
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from  the  influence  of  the  moment  and  to  avoid,  even  if  it  were  desirable  to 
avoid,  the  inclination  to  look  backward  from  the  standpoint  of  to-day. 

Two  years  ago  Sir  Michael  Foster  dealt  with  the  work  of  the  century 
as  a  whole.  Last  year  Sir  William  Turner  discussed  in  greater  detail 
the  growth  of  a  single  branch  of  science.  A  third  and  humbler  task 
remains,  viz..  to  fix  our  attention  on  some  of  the  hypotheses  and  assump- 
tions on  which  the  fabric  of  modem  theoretical  science  has  been  built,  and 
to  inquire  whether  the  foundations  have  been  so  '  well  and  truly '  laid 
that  they  may  be  trusted  to  sustain  the  mighty  superstructure  which  is 
being  raised  upon  them. 

The  moment  is  opportune.  The  three  chief  conceptions  which  for  many 
years  have  dominated  physical  as  distinct  from  biological  science  have 
been  the  theories  of  the  existence  of  atoms,  of  the  mechanical  nature  of 
heat,  and  of  the  exwt<»nce  of  the  ether. 

Dalton's  atomic  theory  was  first  given  to  the  world  by  a  Glasgow  pro- 
fessor—Thomas Thomson— in  the  year  1807,  Dalton  having  communicated 
it  to  him  in  1804.  Bumford*s  and  Davy's  experiments  on  the  nature 
of  heat  were  published  in  1798  and  1799  respectively;  and  the  cele- 
brated Bakerian  Lecture,  in  which  Thomas  Young  established  the 
undulatory  thettry  by  explaining  the  interference  of  light,  appeared  in 
the  'Philosophical  Transactions'  in  1801.  The  keynotes  of  the  physical 
science  of  the  nineteenth  century  were  thus  struck,  as  the  century  began, 
by  four  of  our  fellow-countrymen,  one  of  whom — Sir  Benjamin  Thompson, 
Count  Rumford — preferred  exile  from  the  land  of  his  birth  to  the  loss  of 
his  birthright  as  a  British  citizen. 

Doubts  as  to  Scientific  Theories. 

It  is  well  known  that  of  late  doubts  have  arisen  as  to  whether  the 
atomic  theory,  with  which  the  mechanical  theory  of  heat  is  closely  bound 
up,  and  the  theory  of  the  existence  of  an  ether  have  not  served  their 
purpose,  and  whether  the  time  has  not  come  to  reconsider  them. 

The  facts  that  Professor  Poincar^,  addressinj^  a  congress  of  physicists 
n  Paris,  and  Professor  Poynting,  addressing  the  Physical  Section  of  the 
Association,  have  recently  discussed  the  true  meaning  of  our  scientific 
methods  of  interpretation  ;  that  Dr.  James  Ward  has  lately  delivered  an 
attack  of  great  power  on  many  positions  which  eminent  scientific  men 
have  occupied  ;  and  that  the  approaching  end  of  the  nineteenth  century 
led  Professor  Hsdckel  to  define  in  a  more  popular  manner  his  own  very 
definite  views  as  to  the  solution  of  the  *  Riddle  of  the  Universe,'  are 
perhaps  a  sufficient  justification  of  an  attempt  to  lay  before  you  the  diffi- 
culties which  surround  some  of  these  questions. 

To  keep  the  discussion  within  reasonable  limits  I  shall  illustrate  the 
principles  under  review  by  means  of  the  atomic  theory,  with  compara- 
tively little  reference  to  the  ether,  and  we  may  also  at  first  confine  our 
attention  to  inanimate  objects, 
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llie  Construction  of  a  Model  of  Nature, 

A  natural  philosopher,  to  use  the  old  phrase,  even  if  only  possessed  of 
the  most  superficial  knowledge,  would  attempt  to  bring  some  order  into 
the  results  of  his  observation  of  Nature  by  grouping  together  statements 
with  regard  to  phenomena  which  are  obviously  related.  The  aim  of 
modem  science  goes  far  beyond  this.  It  not  only  shows  that  many 
phenomena  are  related  which  at  first  sight  have  little  or  nothing  in 
common,  but,  in  so  doing,  also  attempts  to  explain  the  relationship. 

Without  spending  time  on  a  discussion  of  the  meaning  of  the  word 
*  explanation,'  it  is  sufficient  to  say  that  our  efforts  to  establish  relation- 
ships between  phenomena  often  take  the  form  of  attempting  to  prove 
that,  if  a  limited  number  of  assumptions  are  granted  as  to  the  constitu- 
tion of  matter,  or  as  to  the  existence  of  quasi-material  entities,  such  as 
caloric,  electricity,  and  the  ether,  a  wide  range  of  observed  facts  falls  into 
order  as  a  necessary  consequence  of  the  assumptions.  The  question  at 
issue  is  whether  the  hypotheses  which  are  at  the  base  of  the  scientific 
theories  now  most  generally  accepted  are  to  be  regarded  as  accurate 
descriptions  of  the  constitution  of  the .  universe  around  us,  or  mei'ely  as 
convenient  fictions. 

Convenient  fictions  be  it  observed,  for  even  if  they  are  fictions  they 
are  not  useless.  From  the  practical  point  of  view  it  is  a  matter  of 
secondary  importance  whether  our  theories  and  assumptions  are  correct, 
if  only  they  guide  us  to  results  which  are  in  accord  with  facts.  The 
whole  fabric  of  scientific  theory  may  be  regarded  merely  as  a  gigantic 
'  aid  to  memory ' ;  as  a  means  for  producing  apparent  order  out  of  dis- 
order by  codifying  the  observed  facts  and  laws  in  accordance  with  an 
artificial  system,  and  thus  arranging  our  knowledge  under  a  comparatively 
small  number  of  heads.  The  simplification  introduced  by  a  scheme  which, 
however  imperfect  it  may  be,  enables  us  to  argue  from  a  few  first  principles, 
makes  theories  of  practical  use.  By  means  of  them  we  can  foresee  the 
results  of  combinations  of  causes  which  would  otherwise  elude  us.  We 
can  predict  future  events,  and  can  even  attempt  to  ar^^uo  back  from  the 
present  to  the  unknown  past. 

But  it  is  possible  that  these  advantages  might  bo  attained  by  means 
of  axioms,  assumptions,  and  theories  based  on  very  false  ideas.  A 
person  who  thought  that  a  river  was  really  a  streak  of  blue  paint 
might  learn  as  much  about  its  direction  from  a  map  as  one  who  knew 
it  as  it  is.  It  is  thus  conceivable  that  we  might  be  able,  not  indeed 
to  construct,  but  to  imagine,  something  more  than  a  mere  map  or 
diagram,  something  which  might  even  be  called  a  working  model  of 
inanimate  objects,  which  was  nevertheless  very  unlike  the  realities  of 
nature.  Of  course,  the  agreement  between  the  action  of  the  model  and 
^e  behaviour  of  the  things  it  was  designed  to  represent  would  probably 
be  imperfect,  unless  the  one  were  a  facsimile  of  the  other  ;  but  it  is  con- 
ceivable that  the  correlation  of  natural  phenomena  could  be  imitated. 
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with  a  large  measure  of  success,  by  means  of  an  imaginary  machine, 
which  shared  with  a  map  or  diagram  the  characteristic  that  it  was  in 
many  ways  unlike  the  things  it  represented,  but  might  be  compared  to  a 
model  in  that  the  behayiour  of  the  things  represented  could  be  predicted 
from  that  of  the  corresponding  parts  of  the  machine. 

We  might  even  go  a  step  further.  If  the  laws  of  the  working  of  the 
model  could  be  expressed  by  abstractions,  as,  for  example,  by  mathe- 
matical formulae,  then,  when  the  formulae  were  obtained,  the  model 
might  be  discarded,  as  probably  unlike  that  which  it  was  made  to  imitate, 
as  a  mere  aid  in  the  construction  of  equations,  to  be  thrown  aside  when 
the  perfect  structure  of  mathematical  symbols  was  erected. 

If  this  course  were  adopted  we  should  have  given  up  the  attempt  to 
know  more  of  the  nature  of  the  objects  which  surround  us  than  can  be 
gained  by  direct  observation,  but  might  nevertheless  have  learned  how 
these  objects  would  behave  under  given  circumstances. 

We  should  have  abandoned  the  hope  of  a  physical  explanation  of  the 
properties  of  inanimate  Nature,  but  should  have  secured  a  mathematical 
description  of  her  operations. 

There  is  no  doubt  that  this  is  the  easiest  path  to  follow.  Criticism  is 
avoided  if  we  admit  from  the  first  that  we  cannot  go  below  the  surface  ; 
cannot  know  anything  about  the  constitution  of  material  bodies;  but 
must  be  content  with  formulating  a  description  of  their  behavioui  by 
means  of  laws  of  Nature  expressed  by  equations. 

But  if  this  is  to  be  the  end  of  the  study  of  Nature,  it  is  evident  that 
the  construction  of  the  model  is  not  an  essential  part  of  the  process. 
The  model  is  used  merely  as  an  aid  to  thinking  ;  and  if  the  relation  of 
phenomena  can  be  investigated  without  it,  so  much  the  better.  The 
highest  form  of  theory — it  may  be  said — the  widest  kind  of  generalisa- 
tion, is  that  which  has  given  up  the  attempt  to  form  clear  mental  pic- 
tures of  the  constitution  of  matter,  which  expresses  the  facts  and  the 
laws  by  language  and  symbols  which  lead  to  results  that  are  true,  what- 
ever be  our  view  as  to  the  real  nature  of  the  objects  with  which  we  deal. 
From  this  point  of  view  the  atomic  theory  becomes  not  so  much  false  as 
unnecessary ;  it  may  be  regarded  as  an  attempt  to  give  an  unnatural 
precision  to  ideas  which  are  and  must  be  vague. 

Thus,  when  Rumford  found  that  the  mere  friction  of  metals  produced 
heat  in  unlimited  quantity,  and  argued  that  heat  was  therefore  a  mode  of 
motion,  he  formed  a  clear  mental  picture  of  what  he  believed  to  be  occur- 
ring. But  his  experiments  may  be  quoted  as  proving  only  that  energy 
can  be  supplied  to  a  body  in  indefinite  quantity,  and  that  when  supplied 
by  doing  work  against  friction  it  appears  in  the  form  of  heat. 

By  using  this  phraseology  we  exchange  a  vivid  conception  of  moving 
atoms  for  a  colourless  statement  as  to  heat  energy,  the  real  nature  of 
which  we  do  not  attempt  to  define  ;  and  methods  which  thus  evade  the 
problem  of  the  nature  of  the  things  which  the  symbols  in  our  equations 
represent  have   been    prosecuted  with  striking  success,   at  all  events 


Digitized  by 


Google 


ADDRESS.  9 

within  the  range  of  a  limited  class  of  phenomena.  A  great  school  of 
chemists,  building  upon  the  thermodynamics  of  Willard  Gibbs  and  the 
intuition  of  Van  't  Hoff,  have  shown  with  wonderful  skill  that,  if  a 
sufficient  number  of  the  data  of  experiment  are  assumed,  it  is  possible, 
by  the  aid  of  thermodynamics,  to  trace  the  form  of  the  relations  between 
many  physical  and  chemical  phenomena  without  the  help  of  the  atomic 
theory. 

But  this  method  deals  only  with  matter  as  our  coarse  senses  know  it ; 
it  does  not  pretend  to  penetrate  beneath  the  surface. 

It  is  therefore  with  the  greatest  respect  for  its  authors,  and  with  a 
full  recognition  of  the  enormous  power  of  the  weapons  employed,  that  I 
venture  to  assert  that  the  exposition  of  such  a  system  of  tactics  cannot  be 
regarded  as  the  last  word  of  science  in  the  struggle  for  the  truth. 

Whether  we  grapple  with  them,  or  whether  we  shirk  them  ;  however 
much  or  however  little  we  can  accomplish  without  answering  them,  the 
questions  still  force  themselves  upon  us  :  Is  matter  what  it  seems  to  be  ? 
Is  interplanetary  space  full  or  empty  ?  Can  we  argue  back  from  the 
direct  impressions  of  our  senses  to  things  which  we  cannot  directly  per- 
ceive ;  from  the  phenomena  displayed  by  matter  to  the  constitution  of 
matter  itself  ? 

It  is  these  questions  which  we  are  discussing  to-night,  and  we  may 
therefore,  as  far  as  the  present  address  is  concerned,  put  aside,  once  for 
all,  methods  of  scientific  exposition  in  which  an  attempt  to  form  a  mental 
picture  of  the  constitution  of  matter  is  practically  abandoned,  and  devote 
ourselves  to  the  inquiries  whether  the  effort  to  form  such  a  picture  is 
legitimate,  and  whether  we  have  any  reason  to  believe  that  the  sketch 
which  science  has  already  drawn  is  to  some  extent  a  copy,  and  not  a  mere 
diagram,  of  the  truth. 

Successive  Steps  in  the  Analysis  of  Matter. 

In  dealing,  then,  with  the  question  of  the  constitution  of  matter  and 
the  possibility  of  representing  it  accurately,  we  may  grant  at  once  that 
the  ultimate  nature  of  things  is,  and  must  remain,  unknown  ;  but  it  does 
not  follow  that  immediately  below  the  complexities  of  the  superficial 
phenomena  which  affect  our  senses  there  may  not  be  a  simpler  machinery 
of  the  existence  of  which  we  can  obtain  evidence,  indirect  indeed  but 
conclusive. 

The  fact  that  the  apparent  unity  which  we  call  the  atmosphere  can  be 
resolved  into  a  number  of  different  gases  is  admitted  ;  though  the  ultimate 
nature  of  oxygen,  nitrogen,  argon,  carbonic  acid,  and  water  vapour  is  as 
unintelligible  as  that  of  air  as  a  whole,  so  that  the  analysis  of  air,  taken 
by  itself,  may  be  said  to  have  substituted  many  incomprehensibles  for  one. 

Nobody,  however,  looks  at  the  question  from  this  point  of  view.  It 
is  recognised  that  an  investigation  into  the  proximate  constitution  of 
things  may  be  useful  and  successful,  even  if  their  ultimate  nature  is 
beyond  our  ken. 
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.  Nor  need  the  analysis  stop  at  the  first  step.  Water  vapour  and  car- 
bonic acid,  themselves  constituents  of  the  atmosphere,  are  in  turn  resolved 
into  their  elements  hydrogen,  oxygen,  and  carbon,  which,  without  a 
formal  discussion  of  the  criteria  of  reality,  we  may  safely  say  are  as  real 
as  air  itself. 

Now,  at  what  point  must  this  analysis  stop  if  we  are  to  avoid  crossing 
the  boundary  between  fact  and  fiction  ?  Is  there  any  fundamental  difier- 
ence  between  resolving  air  into  a  mixture  of  gases  and  resolving  an 
elementary  gas  into  a  mixture  of  atoms  and  ether  1 

There  are  those  who  cry  halt !  at  the  point  at  which  we  divide  a  gas 
into  molecules,  and  their  first  objection  seems  to  be  that  molecules  and 
atoms  cannot  be  directly  perceived,  cannot  be  seen  or  handled,  and  are 
mere  conceptions,  which  have  their  uses,  but  cannot  be  regarded  as 
realities. 

It  is  easiest  to  reply  to  this  objection  by  an  illustration. 
The  rings  of  Saturn  appear  to  be  continuous  masses  separated  by 
circular  rifts.  This  is  the  phenomenon  which  is  observed  through  a  tele- 
scope. By  no  known  means  can  we  ever  approach  or  handle  the  rings  ; 
yet  everybody  who  understands  the  evidence  now  believes  that  they  are 
not  what  they  appear  to  be,  but  consist  of  minute  moonlets,  closely  packed 
indeed,  but  separate  the  one  from  the  other. 

In  the  first  place  Maxwell  proved  mathematically  that  if  a  Satumian 
ring  were  a  continuous  solid  or  fluid  mass  it  would  be  unstable  and  would 
necessarily  break  into  fragments.  In  the  next  place,  if  it  were  possible  for 
the  ring  to  revolve  like  a  solid  body,  the  inmost  parts  would  move  slowest, 
while  a  satellite  moves  faster  the  nearer  it  is  to  a  planet.  Now  spectro- 
scopic observation,  based  on  the  beautiful  method  of  Sir  W.  Huggins, 
shows  not  only  that  the  inner  portions  of  the  ring  move  the  more 
rapidly,  but  that  the  actual  velocities  of  the  outer  and  inner  edges  are 
in  close  accord  with  the  theoretical  velocities  of  satellites  at  like  distances 
from  the  planet. 

This  and  a  hundred  similar  cases  prove  that  it  is  possible  to  obtain 
convincing  evidence  of  the  constitution  of  bodies  between  whose  separate 
parts  we  cannot  directly  distinguish,  and  I  take  it  that  a  physicist  who 
believes  in  the  reality  of  atoms  thinks  that  he  has  as  good  reason  for 
dividing  an  apparently  continuous  gas  into  molecules  as  he  has  for  dividing 
the  apparently  continuous  Satumian  rings  into  satellites.  If  he  is  wrong 
it  is  not  the  fact  that  molecules  and  satellites  alike  cannot  be  handled 
and  cannot  be  seen  as  individuals,  that  constitutes  the  difference  between 
the  two  cases. 

It  may,  however,  be  urged  that  atoms  and  the  ether  are  alleged  to  have 
properties  different  from  those  of  matter  in  bulk,  of  which  alone  our  senses 
take  direct  cognisance,  and  that  therefore  it  is  impossible  to  prove  their 
existence  by  evidence  of  the  same  cogency  as  that  which  may  prove  the 
existence  of  a  newly  discovered  variety  of  matter  or  of  a  portion  of  matter 
too  small  or  too  distant  to  be  seen. 
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This  point  is  so  important  that  it  requires  full  discussion,  but  in 
dealing  with  it,  it  is  necessary  to  distinguish  carefully  between  the  validity 
of  the  arguments  which  s.upport  the  earlier  and  more  fundamental  pro- 
positions of  the  theory,  and  the  evidence  brought  forward  to  justify  mere 
speculative  applications  of  its  doctrines  which  might  be  abandoned 
without  discarding  the  theory  itself.  The  proof  of  the  theory  must  be 
carried  out  step  by  step. 

The  first  step  is  concerned  wholly  with  some  of  the  most  general 
properties  of  matter,  and  consists  in  the  proof  that  those  properties  are 
either  absolutely  unintelligible,  or  that,  in  the  case  of  matter  of  all  kinds, 
we  are  subject  to  an  illusion  similar  to  that  the  results  of  which  we 
admit  in  the  case  of  Saturn's  rings,  clouds,  smoke,  and  a  number  of 
similar  instances.  The  believer  in  the  atomic  theory  asserts  that  matter 
exists  in  a  particular  state  ;  that  it  consists  of  parts  which  are  separate 
and  distinct  the  one  from  the  other,  and  as  such  are  capable  of  indepen- 
dent movements. 

Up  to  this  point  no  question  arises  as  to  whether  the  separate  parts 
are,  like  grains  of  sand,  mere  fragments  of  matter ;  or  whether,  though 
they  are  the  bricks  of  which  matter  is  built,  they  have,  as  individuals, 
properties  different  from  those  of  masses  of  matter  large  enough  to  be 
directly  perceived.  If  they  are  mere  fragments  of  ordinary  matter,  they 
cannot  be  used  as  aids  in  explaining  those  qualities  of  matter  which  they 
themselves  share. 

We  cannot  explain  things  by  the  things  themselves.  If  it  be  true 
that  the  properties  of  matter  are  the  product  of  an  underlying  machinery, 
iha,t  machinery  cannot  itself  have  the  properties  which  it  produces,  and 
must,  to  that  extent  at  all  events,  differ  from  matter  in  bulk  as  it  is 
directly  presented  to  the  senses. 

If,  however,  we  can  succeed  in  showing  that  if  the  separate  parts  have 
a  limited  number  of  properties  (different,  it  may  be,  from  those  of  matter 
in  bulk),  the  many  and  complicated  properties  of  matter  can  be  explained, 
to  a  considerable  extent,  as  consequences  of  the  constitution  of  these 
separate  parts  ;  we  shall  have  succeeded  in  establishing,  with  regard  to 
quantitative  properties,  a  simplification  similar  to  that  which  the  chemist 
has  established  with  regard  to  varieties  of  matter.  The  many  will  have 
been  reduced  to  the  few. 

The  proofs  of  the  physical  reality  of  the  entities  discovered  by  means 
of  the  two  analyses  must  necessarily  be  different.  The  chemist  can 
actually  produce  the  elementary  constituents  into  which  he  has  resolved 
a  compound  mass.  No  physicist  or  chemist  can  produce  a  single  atom 
separated  from  all  its  fellows,  and  show  that  it  possesses  the  elementary 
qualities  he  assigns  to  it.  The  cogency  of  the  evidence  for  any 
suggested  constitution  of  atoms  must  vary  with  the  number  of  facts 
which  the  hypothesis  that  they  possess  that  constitution  explains. 

J^et  UA  take,  then,  two  steps  in  their  proper  order,  and  inquire,  first, 
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whether  there  is  valid  ground  for  believing  that  all  matter  is  made  up  of 
discrete  parts  ;  and  secondly,  whether  we  can  have  any  knowledge  of  the 
constitution  or  properties  which  those  parts  possess. 

The  Coarse-grainedness  of  Matter, 

Matter  in  bulk  appears  to  be  continuous.  Such  substances  as  water 
or  air  appear  to  the  ordinary  observer  to  be  perfectly  uniform  in  all  their 
properties  and  qualities,  in  all  their  parts. 

The  hasty  conclusion  that  these  bodies  are  really  uniform  is,  never- 
theless, unthinkable. 

In  the  first  place  the  phenomena  of  diffusion  afford  conclusive  proof 
that  matter  when  apparently  quiescent  is  in  fact  in  a  state  of  internal 
commotion.  I  need  not  recapitulate  the  familiar  evidence  to  prove  that 
gases  and  many  liquids  when  placed  in  communication  interpenetrate  or 
diffuse  into  each  other  ;  or  that  air,  in  contact  with  a  surface  of  water, 
gradually  becomes  laden  with  water  vapour,  while  the  atmospheric  gases 
in  turn  mingle  with  the  water.  Such  phenomena  are  not  exhibited  by 
liquids  and  gases  alone,  nor  by  solids  at  high  temperatures  only.  Sir  W. 
Roberts  Austen  has  placed  pieces  of  gold  and  lead  in  contact  at  a  tern- 
perature  of  18^  C.  After  four  years  the  gold  had  travelled  into  the  lead 
to  such  an  extent  that  not  only  were  the  two  metals  united,  but,  on 
analysis,  appreciable  quantities  of  the  gold  were  detected  even  at  a  dis- 
tance of  more  thati  5  millimetres  from  the  common  surface,  while  within  a 
distance  of  three-quarters  of  a  millimetre  from  the  surface  gold  had 
penetrated  into  the  lead  to  the  extent  of  1  oz.  6  dwts.  per  ton,  an  amount 
which  could  have  been  profitably  extracted. 

Whether  it  is  or  is  not  possible  to  devise  any  other  intelligible  account 
of  the  cause  of  such  phenomena,  it  is  certain  that  a  simple  and  adequate 
explanation  is  found  in  the  hypothesis  that  matter  consists  of  discrete 
parts  in  a  state  of  motion,  which  can  penetrate  into  the  spaces  between 
the  corresponding  parts  of  surrounding  bodies. 

The  hypothesis  thus  framed  is  also  the  only  one  which  affords  a  rational 
explanation  of  other  simple  and  well  known  facts.  If  matter  is  regarded 
as  a  continuous  medium  the  phenomena  of  expansion  are  unintelligible. 
There  is,  apparently,  no  limit  to  the  expansion  of  matter,  or,  to  fix  our 
attention  on  one  kind  of  matter,  let  us  say  to  the  expansion  of  a  gas ;  but 
it  is  inconceivable  that  a  continuous  material  which  fiUs  or  is  present  in 
every  part  of  a  given  space  could  also  be  present  in  every  part  of  a  space 
a  million  times  as  great.  Such  a  statement  might  be  made  of  a  mathe- 
matical abstraction  ;  it  cannot  be  true  of  any  real  substance  or  thing. 
If,  however,  matter  consists  of  discrete  particles,  separated  from  each 
other  either  by  empty  space  or  by  something  different  from  themselves, 
we  can  at  once  understand  that  expansion  and  contraction  may  be  nothing 
more  than  the  mutual  separation  or  approach  of  these  particles. 

Again,  no  clear  mental  picture  can  be  formed  of  the  phenomena  of 
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heat  unless  we  suppose  that  heat  is  a  mode  of  motion.  In  the  words  of 
Rumford,  it  is  *  extremely  difficult,  if  not  quite  impossible,  to  fonn  any 
distinct  idea  of  anything  capable  of  being  excited  and  communicated  in 
the  manner  the  heat  was  excited  and  communicated  in  [his]  experiment 
[on  friction]  except  it  be  motion.'  ^  And  if  heat  be  motion  there  can  be 
no  doubt  that  it  is  the  fundamental  particles  of  matter  which  are  moving. 
For  the  motion  is  not  visible,  is  not  motion  of  the  body  as  a  whole,  while 
diffusion,  which  is  a  movement  of  matter,  goes  on  more  quickly  as  the 
temperature  rises,  thereby  proving  that  the  internal  motions  have  become 
more  rapid,  which  is  exactly  the  result  which  would  follow  if  these  were 
the  movements  which  constitute  sensible  heat. 

Combining,  then,  the  phenomena  of  difiusion,  expansion,  and  beat,  it  is 
not  too  much  to  say  that  no  hypotheses  which  make  them  intelligible  have 
ever  been  framed  other  than  those  which  are  at  the  basis  of  the  atomic 
theory. 

Other  considerations  also  point  to  the  same  conclusion.  Many  years 
ago  Lord  Kelvin  gave  independent  arguments,  based  on  the  proper- 
ties of  gases,  on  the  constitution  of  the  surfaces  of  liquids,  and  on  the 
electric  properties  of  metals,  all  of  which  indicate  that  matter  is,  to  use 
his  own  phrase,  coarse-grained — that  it  is  not  identical  in  constitution 
throughout,  but  that  adjacent  minute  parts  are  distinguishable  from  each 
other  by  being  either  of  different  natures  or  in  different  states. 

And  here  it  is  necessary  to  insist  that  all  these  fundamental  proofs 
are  independent  of  the  nature  of  the  particles  or  granules  into  which 
matter  must  be  divided. 

The  particles,  for  instance,  need  not  be  different  in  kind  from  the 
medium  which  surrounds  and  separates  them.  It  would  suffice  if  they 
were  what  may  be  called  singular  parts  of  the  medium  itself,  differing 
from  the  rest  only  in  some  peculiar  state  of  internal  motion  or  of  distor- 
tion, or  by  being  in  some  other  way  earmarked  as  distinct  individuals. 
The  view  that  the  constitution  of  matter  is  atomic  may  and  does  receive 
support  from  theories  in  which  definite  assumptions  are  made  as  to  the 
constitution  of  the  atoms  ;  but  when,  as  is  often  the  case,  these  assump- 
tions introduce  new  and  more  recondite  difficulties,  it  must  be  remem- 
bered that  the  fundamental  hypothesis — that  matter  consists  of  discrete 
parts,  capable  of  independent  motions — is  forced  upon  us  by  facts  and 
arguments  which  are  altogether  independent  of  what  the  nature  and 
properties  of  these  separate  parts  may  be. 

As  a  matter  of  history  the  two  theories,  which  are  not  by  any  means 
mutually  exclusive,  that  atoms  are  particles  which  can  be  treated  as  dis- 
tinct in  kind  from  the  medium  which  surrounds  them,  and  that  they  are 
parts  of  that  medium  existing  in  a  special  state,  have  both  played  a  largo 
part  in  the  theoretical  development  of  the  atomic  hypothesis.  The  atoms 
of  Waterston,  Clansius,  and  Maxwell  were  particles.     The  vortex- atoms 

>  Phil  Trans,,  1798,  p.  9&. 
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of  Lord  Kelvin,  and  the  strain-atoms  (if  I  may  call  them  ap)  suggested 
by  Mr.  Larmor,  are  states  of  a  primary  medium  which  constitutes  a 
physical  connection  between  them,  and  through  which  their  mutual 
actions  arise  and  are  transmitted. 

Properties  of  the  Basis  of  Matter, 

It  is  easy  to  show  that,  whichever  alternative  be  adopted,  we  are 
dealing  with  something,  whether  we  consider  it  under  the  guise  of  sepa« 
rate  particles  or  of  differentiated  portions  of  the  medium,  which  has 
properties  different  from  those  of  matter  in  bulk. 

For  if  the  basis  of  matter  had  the  same  constitution  as  matter,  the 
irregular  heat  movements  could  hardly  be  maintained  either  against  the 
viscosity  of  the  medium  or  the  frittering  away  of  energy  of  motion  which 
would  occur  during  the  collisions  between  the  particles.  Thus,  even  in 
the  case  in  which  a  hot  body  is  prevented  from  losing  heat  to  sunx>unding 
objects,  its  sensible  heat  should  spontaneously  decay  by  a  process  of  self- 
cooling.  No  such  phenomenon  is  known,  and  though  on  this,  as  on  all  other 
points,  the  limits  of  our  kno'wledge  are  fixed  by  the  uncertainty  of  experi- 
ment, we  are  compelled  to  admit  that,  to  all  appearance,  the  fundamental 
medium,  if  it  exists,  is  unlike  a  material  medium,  in  that  it  is  non- viscous ; 
and  that  the  particles,  if  they  exist,  are  so  constituted  that  energy  is  not 
frittered  away  when  they  collide.  In  either  case,  we  are  dealing  with 
something  different  from  matter  itself  in  the  sense  that,  though  it  is  the 
basis  of  matter,  it  is  not  identical  in  all  its  properties  with  matter. 

The  idea,  therefore,  that  entities  exist  possessing  properties  different 
from  those  of  matter  in  bulk  is  not  introduced  at  the  end  of  a  long  and 
recondite  investigation  to  explain  facts  with  which  none  but  experts  are 
acquainted.  It  is  forced  upon  us  at  the  very  threshold  of  our  study  of 
Nature.  Either  the  properties  of  matter  in  bulk  cannot  be  referred  to 
any  simpler  structure,  or  that  simpler  structure  must  have  properties 
different  from  those  of  matter  in  bulk  as  we  directly  knew  it— properties 
which  can  only  be  inferred  from  the  results  which  they  produce. 

No  a  priori  argument  against  the  possibility  of  our  discovering  the 
existence  of  quasi-material  substances,  which  are  nevertheless  different 
from  matter,  can  prove  the  negative  proposition  that  such  substances 
cannot  exist.  It  is  not  a  self-evident  truth  that  no  substance  other  than 
ordinary  matter  can  have  an  existence  as  real  as  that  of  matter  itself. 
It  is  not  axiomatic  that  matter  cannot  be  composed  of  parts  whose  pro- 
perties are  different  from  those  of  the  whole.  To  assert  that  even  if 
such  substances  and  such  parts  exist  no  evidence  however  cogent  could 
convince  us  of  their  existence  is  to  beg  the  whole  question  at  issue  ;  to 
decide  the  cause  before  it  has  been  heard. 

We  must  therefore  adhere  to  the  standpoint  adopted  by  most  scientific 
men,  viz.,  th&t  the  question  of .  the  existence  of  ultra-physical  entities, 
such  as  atoms  and  the  ether,  is  to  be  settled  by  the  evidence^  and  must  not 
be  ruled  out  as  inadmissibte  on  a  priort -grounds. 
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On  the  other  hand,  it  is  impossible  to  deny  that,  if  the  mere  entry  on 
the  search  for  the  concealed  causes  of  physical  phenomena  is  not  a  tres- 
pass on  ground  we  have  no  right  to  explore,  it  is  at  all  events  the 
beginning  of  a  diemgerous  journey. 

The  wraiths  of  phlogiston,  caloric,  luminiferous  corpuscles,  and  a 
crowd  of  other  phantoms  haunt  the  investigator,  and  as  the  grim  host 
vanishes  into  nothingness  he  cannot  but  wonder  if  his  own  conceptions  of 
atoms  and  of  the  ether 

*  shall  dissolve, 

And,  like  this  insabstantial  pageant  faded, 

Leave  not  a  wrack  behind.' 

But  though  science,  like  Bunyan's  hero,  has  sometimes  hud  to  pass 
through  the  *  Valley  of  Humiliation,'  the  spectres  which  meet  it  there 
are  not  formidable  if  they  are  boldly  faced.  The  facts  that  mistakes 
have  been  made,  that  theories  have  been  propounded,  and  for  a  time 
accepted,  which  later  investigations  have  disproved,  do  not  necessarily 
discredit  the  method  adopted.  In  scientific  theories,  as  in  the  world 
around  us,  there  is  a  survival  of  the  fittest,  and  Dr.  James  Ward's 
unsympathetic  account  of  the  blunders  of  those  whose  work  has  shed 
glory  on  the  nineteenth  century,  might  mutatis  mutandis  stand  for  a 
description  of  the  history  of  the  advance  of  civilisation.  *  The  story  of 
the  progress  so  far,'  he  tells  us,  *  is  briefly  this :  Divergence  between 
theory  and  fact  one  part  of  the  way,  the  wreckage  of  abandoned  fictions 
for  the  rest,  with  an  unattainable  goal  of  phenomenal  nihilism  and  ultra- 
physical  mechanism  beyond.'  * 

*  The  path  of  progress,'  says  Professor  Karl  Pearson,  *  is  strewn  with 
the  wreck  of  nations.  Traces  are  everywhere  to  be  seen  of  the  hecatombs 
of  inferior  races,  and  of  victims  who  found  not  the  narrow  way  to  the 
greater  perfection.  Yet  these  dead  peoples  are,  in  very  truth,  the  step- 
ping-stones on  which  mankind  has  arisen  to  the  higher  intellectual  and 
deeper  emotional  life  of  to-day.'  ^ 

It  is  only  necessary  to  add  that  the  progress  of  society  is  directed 
towards  an  unattainable  goal  of  universal  contentment,  to  make  the 
parallel  complete. 

And  so,  in  the  one  case  as  in  the  other,  we  may  leave  *  the  dead  to 
bury  their  dead.'  The  question  before  us  is  not  whether  we  too  may  not 
bo  trusting  to  false  ideas,  erroneous  experiments,  evanescent  theories. 
No  doubt  we  are  ;  but,  without  making  an  insolent  claim  to  be  better 
than  our  fathers,  we  may  fairly  contend  that,  amid  much  that  is  uncertain 
and  temporary,  some  of  the  fundamental  conceptions,  some  of  the  root- 
ideas  of  science,  are  so  grounded  on  reason  and  fact  that  we  cannot 
but  regard  them  as  an  aspect  of  the  very  truth. 

Enough  has,  perhaps,  now  been  said  on  this  point  for  my  immediate 

"   '  -James  Ward,  iirc<t^r«l/jwi  flfk?  j4^o«#i<?wfw,  vol.  i.  p.  153. 
«  Karl  PfeBTBcm  NtttTional  Life /rtm  the  SCandpoint  qf  Sdieiwe,  p.  62. 
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purpose.  The  argament  as  to  the  constitution  of  matter  could  be  de- 
veloped further  in  the  manner  I  have  hitherto  adopted,  viz.,  by  a  series  of 
propositions,  the  proof  of  each  of  which  is  based  upon  a  few  crucial 
phenomena.  In  particular,  if  matter  is  divided  into  moving  granules  or 
particles,  the  phenomenon  of  cohesion  proves  that  there  must  be  mutual 
actions  between  them  analogous  to  those  which  take  place  between  large 
masses  of  matter,  and  which  we  ascribe  to  force,  thereby  indicating  the 
regular,  unvarying  operation  of  active  machinery  which  we  have  not  yet 
the  means  of  adequately  understanding.  For  the  moment,  I  do  not  wish 
to  extend  the  line  of  reasoning  that  has  been  followed.  My  main  object 
is  to  show  that  the  notion  of  the  existence  of  ultra-physical  entities 
and  the  leading  outlines  of  th^  atomic  jiheory  are  forced  upon  us  at  the 
beginning  of  our  study  of  Nature,  not  only  by  a  priori  considerations, 
but  in  the  attempt  to  comprehend  the  results  of  even  the  simplest 
observation.  These  outlines  cannot  be  effaced  by  the  difficulties 
which  undoubtedly  arise  in  filling  up  the  picture.  The  cogency  of 
the  proof  that  matter  is  coarse-grained  is  in  no  way  affected  by  the 
fact  that  we  may  have  grave  doubts  as  to  the  nature  of  the  granules. 
Nay,  it  is  of  the  first  importance  to  recognise  that,  though  the  funda- 
mental assumptions  of  the  atomic  theory  receive  overwhelming  support 
from  a  number  of  more  detailed  arguments,  they  are  themselves  almost  of 
the  nature  of  axioms,  in  that  the  simplest  phenomena  are  unintelligible  if 
they  are  abandoned. 

The  Range  of  the  Atomic  Theory. 

It  would  be  most  unfair,  however,  to  the  atomic  theory  to  represent 
it  as  depending  on  one  line  of  reasoning  only,  or  to  treat  its  evidence 
as  bounded  by  the  very  general  propositions  I  have  discussed. 

It  is  true  that  as  the  range  of  the  theory  is  extended  the  fundamental 
conception  that  matter  is  granular  must  be  expanded  and  filled  in  by 
supplementary  hypotheses  as  to  the  constitution  of  the  granules.  It  may 
also  be  admitted  that  no  complete  or  wholly  satisfactory  description  of 
that  constitution  can  as  yet  be  given  ;  that  perfection  has  not  yet  been 
attained  here  or  in  any  other  branch  of  science  ;  but\he  number  of  facts 
which  can  be  accounted  for  by  the  theory  is  very  large  compared  with  the 
number  of  additional  hypotheses  which  are  introduced  ;  and  the  cumula- 
tive weight  of  the  additional  evidence  obtained  by  the  study  of  detaUs 
is  such  as  to  add  greatly  to  the  strength  of  the  conviction  that,  in  its 
leading  outlines,  the  theory  is  true. 

It  was  originally  suggested  by  the  facts  of  chemistry,  and  though,  as 
we  have  seen,  a  school  of  chemists  now  thrusts  it  into  the  background,  it 
is  none  the  less  true,  in  the  words  of  Dr.  Thorpe,  that  'every  great 
advance  in  chemical  knowledge  during  the  last  ninety  years  finds  its 
interpretation  in  [Dalton*^]  theory.'  ^ 

The  principal  mechanical  and  thermal  properties  of  gases  have  been 

^  Thorpe,  Es^ayt  on  BUtoriccU  Ckdmittry,  1894,  p.  368. 
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explained,  and  in  large  part  discovered,  by  the  aid  of  the  atomic  theory  ; 
and,  though  there  are  outstanding  difficulties,  they  are,  for  the  most  part, 
related  to  the  nature  of  the  atoms  and  molecules,  and  do  not  affect  the 
question  as  to  whether  they  exist. 

The  fact  that  different  kinds  of  light  all  travel  at  the  same  speed  in 
interplanetary  space,  while  they  move  at  different  rates  in  matter,  is 
explained  if  matter  is  coarse-grained.  But  to  attempt  to  sum  up  all 
this  evidence  would  be  to  recite  a  text-book  on  physics.  It  must  suffice 
to  say  that  it  is  enormous  in  extent  and  varied  in  character,  and  that  the 
atomic  theory  imparts  a  unity  to  all  the  physical  sciences  which  has  been 
attained  in  no  other  way. 

I  must,  however,  give  a  couple  of  instances  of  the  wonderful  success 
which  has  been  achieved  in  the  explanation  of  physical  phenomena  by  the 
theory  we  are  considering,  and  I  select  them  because  they  are  in  harmony 
with  the  line  of  argument  I  have  been  pursuing. 

When  a  piece  of  iron  is  magnetised  its  behaviour  is  different  according 
as  the  magnetic  force  applied  to  it  is  weak,  moderate,  or  strong.  When 
a  certain  limit  is  passed  the  iron  behaves  as  a  non-magnetic  substance  to 
all  fui-ther  additions  of  magnetic  force.  With  strong  forces  it  does  and 
with  very  weak  forces  it  does  not  remain  magnetised  when  the  force 
ceases  to  act.  Professor  Ewing  has  imitated  all  the  minute  details  of 
these  complicated  properties  by  an  arrangement  of  small  isolated  compass 
needles  to  represent  the  molecules.  It  may  fairly  be  said  that  as  far  as 
this  particular  set  of  phenomena  is  concerned  a  most  instructive  working 
model  based  on  the  molecular  theory  has  not  only  been  imagined  but 
constructed. 

The  next  illustration  is  no  less  striking.  We  may  liken  a  crowd  of 
molecules  to  a  fog ;  but  while  the  fog  is  admitted  by  everybody  to  be 
made  up  of  separate  globules  of  water,  the  critics  of  scientific  method  are 
sometimes  apt  to  regard  the  molecules  as  mere  fictions  of  the  imagination. 
It  however,  we  could  throw  the  molecules  of  a  highly  rarefied  gas  into 
such  a  state  that  vapour  condensed  on  them,  so  that  each  became  the 
centre  of  a  water-drop,  till  the  host  of  invisible  molecules  was,  as  it 
were,  magnified  by  accretion  into  a  visible  mist,  surely  no  stronger  proof 
of  their  reality  could  be  desired.  Yet  there  is  every  reason  to  believe 
that  something  very  like  this  has  been  accomplished  by  Mr.  C.  T.  R. 
Wilson  and  Professor  J.  J.  Thomson. 

It  is  known  that  it  is  comparatively  difficult  to  produce  a  fog  in  damp 
air  if  the  mixture  consists  of  air  and  water- vapour  alone.  The  presence 
of  particles  of  very  fine  dust  facilitates  the  process.  It  is  evident  that  the 
vapour  condenses  on  the  dust  particles  and  that  a  nucleus  of  some  kind  is 
necessary  on  which  each  drop  may  form.  But  electrified  particles  also 
act  as  nuclei ;  for  if  a  highly  charged  body  from  which  electricity  is 
escaping  be  placed  near  a  steam  jet,  the  steam  condenses  ;  and  a  cloud  is 
also  formed  in  dust- free  air  more  easily  than  would  otherwise  be  the  case 
if  electricity  is  discharged  into  it. 
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Again,  according  to  accepted  theory,  when  a  current  of  electricity 
flows  through  a  gas  some  of  the  atoms  are  divided  into  parts  which 
carry  positive  and  negative  charges  as  they  move  in  opposite  directions, 
and  unless  this  breaking-up  occurs  a  gas  does  not  conduct  electricity. 
But  a  gas  can  be  made  a  conductor  merely  by  allowing  the  Rontgen  rays 
or  the  radiation  given  off  by  uranium  to  fall  upon  it.  A  careful  study  of 
the  facts  shows  that  it  is  probable  that  some  of  the  atoms  have  been 
broken  up  by  the  radiation,  and  that  their  oppositely  electrified  parts  are 
scattered  among  their  unaltered  fellows.  Such  a  gas  is  said  to  be 
ionised. 

Thus  by  these  two  distinct  lines  of  argument  we  come  to  the  conclu- 
sions : — 1st,  that  the  presence  of  electrified  particles  promotes  the  forma- 
tion of  mist,  and  2nd,  that  in  an  ionised  gas  such  electrified  particles  are 
provided  by  the  breaking- up  of  atoms. 

The  two  conclusions  will  mutually  support  each  other  if  it  can  be 
shown  that  a  mist  is  easily  formed  in  ionised  air.  This  was  tested  by 
Mr.  Wilson,  who  showed  that  in  such  air  mist  is  formed  as  though  nuclei 
were  present,  and  thus  in  the  cloud  we  have  visible  evidence  of  the 
presence  of  the  divided  atoms.  If  then  we  cannot  handle  the  indi- 
vidual molecules  we  have  at  least  some  reason  to  believe  that  a  method 
is  known  of  seizing  individuals,  or  parts  of  individuals,  which  are  in  a 
special  state,  and  of  wrapping  other  matter  round  them  till  each  one  is 
the  centre^  of  a  discrete  particle  of  a  visible  fog. 

I  have  purposely  chosen  this  illustration,  because  the  explanation  is 
based  on  a  theory — that  of  ionisation — which  is  at  present  subjected  to 
hostile  criticism.  It  assumes  that  an  electrical  current  is  nothing  more 
than  the  movement  of  charges  of  electricity.  But  magnets  placed  near 
to  an  electric  current  tend  to  set  themselves  at  right  angles  to  its  direc- 
tion ;  a  fact  on  which  the  construction  of  telegraphic  instruments  is  based. 
Hence  if  the  theory  be  true,  a  similar  effect  ought  to  be  produced  by  a 
moving  charge  of  electricity.  This  experiment  was  tried  many  years  ago 
in  the  laboratory  of  Helmholtz  by  Rowland,  who  caused  a  charged  disc 
to  spin  rapidly  near  a  magnet.  The  result  was  in  accord  with  the  theory  ; 
the  magnet  moved  as  though  acted  upon  by  an  electric  current.  Of  late, 
however,  M.  Cr^mieu  has  investigated  the  matter  afresh,  and  has  obtained 
results  which,  according  to  his  interpretation,  were  inconsistent  with  that 
of  Rowland. 

M.  Cr^mieu's  results  are  already  the  subject  of  controversy,*  and  are, 
I  believe,  likely  to  be  discussed  in  the  Section  of  Physics.  This  is  not  the 
occasion  to  enter  upon  a  critical  discussion  of  the  question  at  issue,  and  I 
refer  to  it  only  to  point  out  that  though,  if  M.  Cr^mieu's  result  were 
upheld,  our  views  as  to  electricity  would  have  to  be  modified,  the  founda- 
tions of  the  atomic  theory  would  not  be  shaken. 

»  See  Phil  Mag.,  July  1901,  p.  144 ;  and  Johns  ffopkint  UniversHy  Circvlart, 
XX.  No.  162,  May-June  1901,  p.  78. 
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It  is,  however,  from  the  theory  of  ions  that  the  most  far-reaching 
speculations  of  science  have  recently  received  unexpected  support.  The 
dream  that  matter  of  all  kinds  will  some  day  be  proved  to  be  funda- 
mentally the  same  has  survived  many  shocks.  The  opinion  is  consistent 
with  the  great  generalisation  that  the  properties  of  elements  are  a 
periodic  function  of  their  atomic  weights.  Sir  Norman  Lockyer  has 
long  been  a  prominent  exponent  of  the  view  that  the  spectra  of  the 
stars  indicate  the  reduction  of  our  so-called  elements  to  simpler  forms, 
and  now  Professor  J.  J.  Thomson  believes  that  we  can  break  off  from  an 
atom  a  part,  the  mass  of  which  is  not  more  than  one  thousandth  of  the 
whole,  and  that  these  corpuscles,  as  he  has  named  them,  are  the  carriers 
of  the  negative  charge  in  an  electric  current.  If  atoms  are  thus 
complex,  not  only  is  the  a  priori  probability  increased  that  the  different 
structures  which  we  call  elements  may  all  be  built  of  similar  bricks,  but 
the  discovery  by  Lenard  that  the  ease  with  which  the  corpuscles 
penetrate  different  bodies  depends  only  on  the  density  of  the  obstacles, 
and  not  on  their  chemical  constitution,  is  held  by  Professor  Thomson  to 
be  *  a  strong  confirmation  of  the  view  that  the  atoms  of  the  elementary 
substances  are  made  up  of  simpler  parts,  all  of  which  are  alike.'  ^  On 
the  present  occasion,  however,  we  are  occupied  rather  with  the  foundations 
than  with  these  ultimate  ramifications  of  the  atomic  theory  ;  and  having 
shown  how  wide  its  range  is,  I  must,  to  a  certain  extent,  retrace  my  steps 
and  return  to  the  main  line  of  my  argument. 


The  Properties  of  Atoms  and  Molecules. 

For  if  it  be  granted  that  the  evidence  that  matter  is  coarse-grained 
and  is  formed  of  separate  atoms  and  molecules  is  too  strong  to  be  resisted, 
it  may  still  be  contended  that  we  can  know  little  or  nothing  of  the  sizes 
and  properties  of  the  molecules. 

It  must  be  admitted  that  though  the  fundamental  postulates  are 
always  the  same,  different  aspects  of  the  theory,  which  have  not  in  all 
cases  been  successfully  combined,  have  to  be  developed  when  it  is  applied 
to  different  problems ;  but  in  sjnte  of  this  there  is  little  doubt  that  we 
have  some  fairly  accurate  knowledge  of  molecular  motions  and  magni- 
tudes. 

If  a  liquid  is  stretched  into  a  very  thin  film,  such  as  a  soap  bubble, 
we  should  expect  indications  of  a  change  in  its  properties  when  the 
thickness  of  the  film  is  not  a  very  large  multiple  of  the  average  distance 
between  two  neighbouring  molecules.  In  1890  Sohncke  *^  detected  evi- 
dence of  such  a  change  in  films  of  the  average  thickness  of  106  million ths 

*  For  the  most  recent  accoant  of  this  subject  see  an  article  on  '  Bodies  smaller 
than  Atoms,'  by  Professor  J.  J.  Thomson  in  the  Popular  Science  Ma?ithly  (The 
Science  Press),  August  1901. 

«  Wied.  Ann,,  1890,  xl.  pp.  345-355. 
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of  a  millimetre  (fifi),  and  quite  recently  Rudolph  Weber  found  it  in  an 
oil-film  when  the  thickness  was  115  /i/i.^ 

Taking  the  mean  of  these  numbers  and  combining  the  results  of 
difierent  variants  of  the  theory  we  may  conclude  that  a  film  should 
become  unstable  and  tend  to  rupture  spontaneously  somewhere  between 
the  thicknesses  of  110  and  55  ftfi,  and  Professor  Eeinold  and  I  found 
by  experiment  that  this  instability  is  actually  exhibited  between  the 
thicknesses  of  96  and  45  /u/u.^  There  can  ther^ore  be  little  doubt  that 
the  first  approach  to  molecular  magnitudes  is  signalled  when  the  thick- 
ness of  a  film  is  somewhat  less  than  100  ^tfji,  or  4  millionths  of  an  inch. 

Thirteen  years  ago  I  had  the  honour  of  laying  before  the  Chemical 
Society  a  r^um^  of  what  was  then  known  on  these  subjects,^  and  I  must 
refer  to  that  lecture  or  to  the  most  recent  edition  of  O.  E.  Meyer's  work 
on  the  kinetic  theory  of  gases  *  for  the  evidence  that  various  independent 
lines  of  argument  enable  us  to  estimate  quantities  very  much  less  than 
4  millionths  of  an  inch,  which  is  perhaps  from  500  to  1,000  times  greater 
than  the  magnitude  which,  in  the  present  state  of  our  knowledge,  we  can 
best  describe  as  the  diameter  of  a  molecule. 

Confining  our  attention,  however,  to  the  larger  quantities,  I  will 
give  one  example  to  show  how  strong  is  the  cumulative  force  of  the 
evidence  as  to  our  knowledge  of  the  magnitudes  of  molecular  quantities. 

We  have  every  reason  to  believe  that  though  the  molecules  in  a  gas 
frequently  collide  with  each  other,  yet  in  the  case  of  the  more  perfect 
gases  the  time  occupied  in  collisions  is  small  compared  with  that  in  which 
each  molecule  travels  undisturbed  by  its  fellows.  The  average  distance 
travelled  between  two  successive  encounters  is  called  the  mean  free  path, 
and,  for  the  reason  just  given,'  the  question  of  ,  the  magnitude  of  this 
distance  can  be  attacked  without  any  precise  knowledge  of  what  a  mole- 
cule is,  or  of  what  happens  during  an  encounter. 

Thus  the  mean  free  path  can  be  determined,  by  the  aid  of  the  theory, 
either  from  the  viscosity  of  the  gas  or  from  the  thermal  conductivity. 
Using  figures  given  in  the  latest  work  on  the  subject,^  and  dealing  with 
one  gas  only,  as  a  fair  sample  of  the  rest^  the  lengths  of  the  mean  free 
path  of  hydrogen  as  determined  by  these  two  independent  methods  differ 
only  by  about  3  per  cent.  Further,  the  mean  of  the  values  which  I 
gave  in  the  lecture  already  referred  to  differed  only  by  about  6  per 
cent,  from  the  best  modem  result,  so  that  no  great  change  has  been  intro- 
duced during  the  last  thirteen  years. 

It  may,  however,  be  argued  that  these  concordant  values  are  all 
obtained  by  means  of  the  same  theory,  and  that  a  common  error  may 
affect  them  all.     In  particular,  some  critics  have  of  late  been  inclined  to 

»  Annalen  der  Phytik,  1901,  iv.  pp.  706-721. 

»  PhU,  Traru^  1898,  184,  pp.  505-529. 

»  CJiem.  Soo,  Trans.,  liii.,  March  1888,  pp.  222-262. 

*  Kinetic  TJieory  qf  Gates,  O.  E.  Meyer,  1899.    Translated  by  R.  £.  Ba^^nes. 

*  Meyer'9  Kinetic  Theory  qf  Gates  (see  above). 
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discredit  the  atomic  theory  by  pointing  out  that  the  strong  statements 
which  have  sometimes  been  made  as  to  the  equality,  among  themselves, 
of  atoms  or  molecules  of  the  same  kind  may  not  be  justified,  as  the 
equality  may  be  that  of  averages  only,  and  be  consistent  with  a  consider- 
able variation  ii^the  sizes  of  individuals. 

Allowing  this  argument  more  weight  than  it  perhaps  deserves,  it  is 
easy  to  show  that  it  cannot  affect  seriously  our  knowledge  of  the  length 
of  the  mean  free  path.        ^ 

Professor  George  Darwin  ^  has  handled  the  problem  of  a  mixture  of 
unequal  spherical  bodies  in  the  particular  case  in  which  the  sizes  are 
distributed  according  to  the  law  of  errors,  which  would  involve  far 
greater  inequalities  than  can  occur  among  atoms.  Without  discussing 
the  precise  details  of  his  problem  it  is  sufficient  to  say  that  in  the  case 
considered  by  him  the  length  of  the  mean  free  patii  is  ^^  of  what  it 
would  be  if  the  particles  were  equaL  Hence  were  the  inequalities  of 
atoms  as  great  as  in  this  extreme  case,  the  reduction  of  the  mean  free 
path  in  hydrogen  could  only  be  from  185  to  119  fjifi ;  but  they  must  be 
far  less,  and  therefore  the  error,  if  any,  due  to  this  cause  could  not 
approach  this  amount.    It  is  probably  inappreciable. 

Such  examples  might  be  multiplied,  but  the  one  I  have  selected  is 
perhaps  sufficient  to  illustrate  my  point,  viz.,  that  considerable  and  fairly 
accurate  knowledge  can  be  obtained  as  to  molecular  quantities  by  the  aid 
of  theories  the  details  of  which  are  provisional,  and  are  admittedly 
capable  of  improvement. 

Is  ike  Model  Unique  ? 

But  the  argument  that  a  correct  result  may  sometimes  be  obtained  by 
reasoning  on  imperfect  hypotheses  raises  the  question  as  to  whether 
another  danger  may  not  be  imminent.  To  be  satisfactory  our  model 
of  Nature  must  be  unique,  and  it  must  be  impossible  to  imagine  any  other 
which  agrees  equally  well  with  the  facts  of  experiment.  If  a  large 
number  of  hypotheses  could  be  framed  with  equal  claims  to  validity,  that 
fact  would  alone  raise  grave  doubts  as  to  whether  it  were  possible  to 
distinguish  between  the  true  and  the  false.  Thus  Professor  Poincar^  has 
shown  that  an  infinite  number  of  d3muuiical  explanations  can  be  found 
for  any  phenomenon  which  satisfies  certain  conditions.  But  though  this 
consideration  warns  us  against  the  too  ready  acceptance  of  explanations 
of  isolated  phenomena,  it  has  no  weight  against  a  theory  which  embraces 
80  vast  a  number  of  facts  as  those  included  by  the  atomic  theory.  It  does 
not  foUow  that,  because  a  number  of  solutions  are  all  formally  dynamical, 
they  are  therefore  all  equally  admissible.  The  pressure  of  a  gas  may  be 
explained  as  the  result  of  a  shower  of  blows  delivered  by  molecules,  or  by 
a  repulsion  between  the  various  parts  of  a  continuous  medium.  Both 
solutions  are  expressed  in  dynamical  language ;  but  one  is,  and  the  other 

»  Phil  Trans.,  180. 
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is  not,  compatible  with  the  observed  phenomena  of  expansion.  The 
atomic  theory  must  hold  the  field  until  another  can  be  found  which  is  not 
inferior  as  an  explanation  of  the  fundamenteJ  difficulties  as  to  the  consti- 
tution of  matter,  and  is,  at  the  same  time,  not  less  comprehensive. 

On  the  whole,  then,  the  question  as  to  whether  we  are  attempting  to 
solve  a  problem  which  has  an  infinite  number  of  solutions  may  be  put 
aside  until  one  solution  has  been  found  which  is  satisfactory  in  all  its 
details.  We  are  in  a  sufficient  difficulty  about  that  to  make  the  rivalry 
of  a  second  of  the  same  type  very  improbable. 

Tlie  Phenomena  of  Life, 

But  it  may  be  asked — nay,  it  has  been  asked — may  not  the  type  of 
our  theories  be  radically  changed  f  If  this  question  does  not  merely  imply 
a  certain  distrust  in  our  own  powers  of  reasoning,  it  should  be  supported 
by  some  indication  of  the  kind  of  change  which  is  conceivable. 

Perhaps  the  chief  objection  which  can  be  brought  against  physical 
theories  is  that  they  deal  only  with  the  inanimate  side  of  Nature,  and 
largely  ignore  the  phenomena  of  life.  It  is  therefore  in  this  direction,  if 
in  any,  that  a  change  of  type  may  be  expected.  I  do  not  propose  io  enter 
at  length  upon  so  difficult  a  question,  but,  however  we  may  explain  or 
explain  away  the  characteristics  of  life,  the  argument  for  the  truth  of  the 
atomic  theory  would  only  be  affected  if  it  could  be  shown  that  living 
matter  does  not  possess  the  thermal  and  mechanical  properties,  to  account 
for  which  the  atomic  theory  has  been  framed.  This  is  so  notoriously  not 
the  case  that  there  is  the  gravest  doubt  whether  life  can  in  any  way  inter- 
fere with  the  action  within  the  organism  of  the  laws  of  matter  in  bulk 
belonging  to  the  domain  of  mechanics,  physics,  and  chemistry. 

Probably  the  most  cautious  opinion  that  could  now  be  expressed  on 
this  question  is  that,  in  spite  of  some  outstanding  difficulties  which  have 
recently  given  rise  to  what  is  called  Neovitalism,  there  is  no  conclusive 
evidence  that  living  matter  can  suspend  or  modify  any  of  the  natural  laws 
which  would  affect  it  if  it  were  to  cease  to  live.  It  is  possible  that  though 
subject  to  these  laws  the  organism  while  living  may  be  able  to  employ,  or 
even  to  direct,  their  action  within  itself  for  its  own  benefit,  just  as  it  un- 
questionably does  make  use  of  the  processes  of  external  nature  for  its 
own  purposes  ;  but  if  this  be  so,  the  seat  of  the  controlling  influence  is  so 
withdrawn  from  view  that  on  the  one  hand  its  very  existence  may  be 
denied,  while,  on  the  other  hand.  Professor  Hseckel,  following  Vogt,  has 
recently  asserted  that  *  matter  and  ether  are  not  dead,  and  only  moved  by 
extrinsic  force ;  but  they  are  endowed  with  sensation  and  will ;  they 
experience  an  inclination  for  condensation,  a  dislike  for  strain;  they 
strive  after  the  one  and  struggle  against  the  other.'  ^ 

But  neither  unproved  assertions  of  this  kind  nor  the  more  refined 
attempts  that  have  been  made  by  others  to  bring  the  phenomena  of  life 

*  Biddle  of  the  Universe  (English  translation),  1900,  p.  380. 
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and  of  dead  matter  under  a  common  formula  touch  the  evidence  for  the 
atomic  theory.  The  question  as  to  whether  matter  consists  of  elements 
capable  of  independent  motion  is  prior  to  and  independent  of  the 
further  questions  as  to  what  these  elements  are,  and  whether  they  are 
alive  or  dead. 

The  physicist,  if  he  keeps  to  his  business,  asserts,  as  the  bases  of 
the  atomic  theory,  nothing  more  than  that  he  who  declines  to  admit 
that  matter  consists  of  separate  moving  parts  must  regard  many  of  the 
simplest  phenomena  as  irreconcilable  and  unintelligible,  in  spite  of  the 
fact  that  means  of  reconciling  them  are  known  to  everybody,  in  spite 
of  the  fact  that  the  reconciling  theory  gives  a  general  correlation  of  an 
enormous  number  of  phenomena  in  every  branch  of  science,  and  that  the 
outstanding  difficulties  are  connected,  not  so  much  with  the  fundamental 
h3rpothe8es  that  matter  is  composed  of  distinguishable  entities  which  are 
capable  of  separate  motions  as  with  the  much  more  difficult  problem  of 
what  these  entities  are. 

On  these  grounds  the  physicist  may  believe  that,  though  he  cannot 
handle  or  see  them,  the  atoms  and  molecules  are  as  real  as  the  ice 
crystals  in  a  cirrus  cloud  which  he  cannot  reach  ;  as  real  as  the  unseen 
members  of  a  meteoric  swarm  whose  death-glow  is  lost  in  the  sunshine,  or 
which  sweep  past  us,  unentangled,  in  the  night. 

If  the  confidence  that  his  methods  are  weapons  with  which  he  can 
fight  his  way  to  the  truth  were  taken  from  the  scientific  explorer,  the 
paralysis  which  overcomes  those  who  believe  that  they  are  engaged  in  a 
hopeless  task  would  fall  upon  him. 

Physiology  has  specially  flourished  since  physiologists  have  believed 
that  it  is  possible  to  master  the  physics  and  chemistry  of  the  framework 
of  living  things,  and  since  they  have  abandoned  the  attitude  of  those  who 
placed  in  the  foreground  the  doctrine  of  the  vital  force.  To  supporters  of 
that  doctrine  the  principle  of  life  was  not  a  hidden  directing  power  which 
could  perhaps  whisper  an  order  that  the  flood-gates  of  reservoirs  of  energy 
should  now  be  opened  and  now  closed,  and  could,  at  the  most,  work  only 
under  immutable  conditions  to  which  the  living  and  the  dead  must  alike 
submit.  On  the  contrary,  t^eir  vital  force  pervaded  the  organism  in  all 
its  parts.  It  was  an  active  and  energetic  opponent  of  the  laws  of  physics 
and  chemistry.  It  maintained  its  own  existence  not  by  obeying  but  by 
defying  them  ;  and  though  destined  to  be  finally  overcome  in  the  separate 
campaigns  of  which  each  individual  living  creature  is  the  scene,  yet  like 
some  guerilla  chieftain  it  was  defeated  here  only  to  reappear  there  with 
unabated  confidence  and  apparently  undiminished  force. 

This  attitude  of  mind  checked  the  advance  of  knowledge.  Difficulty 
could  be  evaded  by  a  verbal  formula  of  explanation  which  in  fact  ex- 
plained nothing.  If  the  mechanical,  or  physical,  or  chemical  causes  of  a 
phenomenon  did  not  lie  obviously  upon  the  surface,  the  investigator  was 
tempted  to  forego  the  toil  of  searching  for  them  below  ;  it  was  easier  to 
say  that  the  vital  force  was  the  cause  of  the  discrepancy,  and  that  it  was 
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hopeless  to  attempt  to  account  for  the  action  of  a  principle  which  was 
incomprehensible  in  its  nature. 

For  the  physicist  the  danger  is  no  less  serious  though  it  lies  in  a  some- 
what different  direction.  At  present  he  is  checked  in  his  theories  by  the 
necessity  of  making  them  agree  with  a  comparatively  small  number  of 
fundamental  hypotheses.  If  this  check  were  removed  his  fancy  might  run 
riot  in  the  wildest  speculations,  which  would  be  held  to  be  legitimate  if 
only  they  led  to  formulse  in  harmony  with  facts.  But  the  very  habit  of 
regarding  the  end  as  everything,  and  the  means  by  which  it  was  attained 
as  unimportant,  would  prevent  the  discovery  of  those  fragments  of  truth 
which  can  only  be  uncovered  by  the  painful  process  of  trying  to  make 
inconsistent  theories  agree,  and  using  all  facts,  however  remote,  as  the 
tests  of  our  central  generalisation. 

*  Science,'  said  Helmholtz,  *  Science,  whose  very  object  it  is  to  compre- 
hend Nature,  must  start  with  the  assumption  that  Nature  is  comprehen- 
sible.' And  again  :  <  The  first  principle  of  the  investigator  of  Nature  is  to 
assume  that  Nature  is  intelligible  to  us,  since  otherwise  it  would  be  foolish 
to  attempt  the  investigation  at  all.'  These  axioms  do  not  assume  that  all 
the  secrets  of  the  universe  will  ultimately  be  laid  bare,  but  that  a  seai'ch 
for  them  is  hopeless  if  we  undertake  the  quest  with  the  conviction  that  it 
will  be  in  vain.  As  applied  to  life  they  do  not' deny  that  in  living  matter 
something  may  be  hidden  which  neither  physics  nor  chemistry  can  explain, 
but  they  assert  that  the  action  of  physical  and  chemical  forces  in  living  bodies  ' 
can  never  be  understood,  if  at  every  difficulty  and  at  every  check  in  our 
investigations  we  desist  from  further  attempts  in  the  belief  that  the  laws 
of  physics  and  chemistry  have  been  interfered  with  by  an  incomprehensible 
vital  force.  As  applied  to  physics  and  chemistry  they  do  not  mean  that 
all  the  phenomena  of  life  and  death  will  ultimately  be  included  in  some 
simple  and  self-sufficing  mechanical  theory  ;  they  do  mean  that  we  are  not 
to  sit  down  contented  with  paradoxes  such  as  that  the  same  thing  can 
fill  both  a  large  space  and  a  little  one  ;  that  matter  can  act  where  it  is 
not,  and  the  like,  if  by  some  reasonable  hypothesis,  capable  of  being 
tested  by  experiment,  we  can  avoid  the  acceptance  of  these  absurdities. 
Something  will  have  been  gained  if  the  more  obvious  difficulties  are 
removed,  even  if  we  have  to  admit  that  in  the  background  there  is  much 
that  we  cannot  grasp. 

The  Limits  of  Physical  Theories. 

And  this  brings  me  to  my  last  point.  It  is  a  mistake  to  tre^t  physical 
theories  in  general,  and  the  atomic  theory  in  particular,  as  though  they 
were  parts  of  a  scheme  which  has  failed  if  it  leaves  anything  unexplained, 
which  must  be  carried  on  indefinitely  on  exactly  the  same  principles, 
whether  the  ultimate  results  are,  or  are  not,  repugnant  to  common  sense. 

Physical  theories  begin  at  the  surface  with  phenomena  which  directly 
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affect  our  senses.  When  they  are  used  in  the  attempt  to  penetrate  deeper 
into  the  secrets  of  Nature  it  is  more  than  probable  that  they  will  meet 
with  insuperable  barriers,  but  this  fact  does  not  demonstrate  that  the 
fundamental  assumptions  are  false,  and  the  question  as  to  whether  any 
particular  obstacle  will  be  for  ever  insuperable  can  rarely  be  answered 
with  certainty. 

Those  who  belittle  the  ideas  which  have  of  late  governed  the  advance 
of  scientific  theory  too  often  assume  that  there  is  no  alternative  between 
the  opposing  assertions  that  atoms  and  the  ether  are  mere  figments  of  the 
scientific  imagination,  or  that,  on  the  other  hand,  a  mechanical  theory  of 
the  atoms  and  of  the  ether,  which  is  now  confessedly  imperfect,  would,  if 
it  could  be  perfected,  give  us  a  full  and  adequate  representation  of  the 
underlying  realities. 

For  my  own  part  I  believe  that  there  is  a  via  media, 

A  man  peering  into  a  darkened  room,  and  describing  what  he  thinks 
he  sees,  may  be  right  as  to  the  general  outline  of  the  objects  he  discerns, 
wrong  as  to  their  nature  and  their  precise  forms.  In  his  description  fact 
and  fancy  may  be  blended,  and  it  may  be  difficult  to  say  where  the  one 
ends  and  the  other  begins  ;  but  even  the  fancies  will  not  be  worthless  if 
they  are  based  on  a  fragment  of  truth,  which  will  prevent  the  explorer 
from  walking  into  a  looking-glass  or  stumbling  over  the  furniture.  He 
who  saw  '  men  as  trees  walking '  had  at  least  a  perception  of  the  funda- 
mental &ct  that  something  was  in  motion  around  him. 

And  so,  at  the  beginning  of  the  twentieth  century,  we  are  neither 
forced  to  abandon  the  claim  to  have  penetrated  below  the  surface  of 
Nature,  nor  have  we,  with  all  our  searching,  torn  the  veil  of  mystery 
from  the  world  around  us. 

The  range  of  our  speculations  is  limited  both  in  space  and  time  :  in 
space,  for  we  have  no  right  to  claim,  8ts  is  sometimes  done,  a  knowledge 
of  the  *  infinite  universe  ' ;  in  time,  for  the  cumulative  effects  of  actions 
which  might  pass  undetected  in  the  short  span  of  years  of  which  we  have 
knowledge,  may,  if  continued  long  enough,  modify  our  most  profound 
generalisations.  If  some  such  theory  as  the  vortex-atom  theory  were 
true,  the  faintest  trace  of  viscosity  in  the  primordial  medium  would  ulti- 
mately destroy  matter  of  every  kind.  It  is  thus  a  duty  to  state  what 
we  believe  we  know  in  the  most  cautious  terms,  but  it  is  equally  a  duty 
not  to  yield  to  mere  vague  doubts  as  to  whether  we  can  know  anything. 

If  no  other  conception  of  matter  is  possible  than  that  it  consists 
of  distinct  physical  units — and  no  other  conception  has  been  formu- 
lated which  does  not  blur  what  are  otherwise  clear  and  definite  out- 
lines— if  it  is  certain,  as  it  is,  that  vibrations  which  cannot  bo  propagated 
by  ordinary  matter  travel  through  space,  the  two  foundations  of  physical 
theory  are  well  and  truly  laid.  It  may  be  granted  that  we  have  not  yet 
framed  a  consistent  image  either  of  the  nature  of  the  atoms  or  of  the 
ether  in  which  they  exist ;  but  I  have  tried  to  show  that  in  spite  of  the 
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tentative  nature  of  some  of  our  theories,  in  spite  of  many  outstanding 
difficulties,  the  atomic  theory  unifies  so  many  facts,  simplifies  so  much 
that  is  complicated,  that  we  have  a  right  to  insist — at  all  events  till  an 
equally  intelligible  rival  hypothesis  is  produced — that  the  main  structure 
of  our  theory  is  true  ;  that  atoms  are  not  merely  helps  to  puzzled  mathe- 
maticians, but  physical  realities. 
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The  Determinaiixm  of  the  Components  of  Magnetic  Force  on  Board 
Ship. — Report  of  the  Committee ,  consisting  of  Professor  A.  AV. 
BCCKER  (Chairman)^  Dr.  C.  H.  Lees  (Secretary),  Lord  Kelvin, 
Professor  A.  Schuster,  Captain  E.  W.  Creak,  Professor  W. 
Stroud,  Mr.  C.  Vernon  Boys,  and  Mr.  W.  Watson. 

Thb  two  instruments  constructed  a  year  ago,  according  to  Captain 
Creak's  design,  and  described  below  were  tested  at  Kew  and  found 
satisfactory.  They  are  now  on  board  the  *  Discovery.'  A  third  instni- 
ment  was  ordered  for  use  on  board  the  German  Antarctic  ship  *  Gauss,'  and 
a  fourth  has  since  been  constructed  and  was  exhibited  at  the  Glasgow 
Meeting  of  the  Association. 


On  a  New  Form  of  Instrument  for  observing  the  Magnetic  Dip  ami 
Intensity  on  Board  Ship  at  Sea.  By  Captain  E.  W.  Creak,  C,B., 
B,N,,  RB,S, 

One  of  the  principal  objects  of  the  Antarctic  expedition  which  sailed 
last  month  in  the  *  Discovery '  is  to  make  as  complete  a  magnetic  survey 
of  the  r^ons  south  of  the  fortieth  parallel  of  south  latitude  as  possible. 

As  l£e  greater  portion  of  that  region  is  open  sea,  it  is  obvious  that, 
with  few  chances  of  landing,  the  major  portion  of  the  survey  must  be 
conducted  on  board  ship. 

Previous  experience  in  H.M.S.  ships  'Erebus' and  'Terror' in  1839-43 
(both  wooden  sailing  ships)  showed  the  serious  effects  of  the  iron  in 
those  ships  in  disturbing  the  magnetic  instruments  established  on  board. 
In  the  case  of  the  *  Discovery,'  Mrith  engines,  boilers,  and  numerous  other 
iron  bodies  on  board,  magnetic  observations  would  have  been  almost 
impossible  but  for  the  precautions  of  first  choosing  a  place  for  the 
magnetic  observatory  in  the  ship  and  then  ensuring  that  no  iron  of  any 
kind  should  be  allowed  to  be  placed  within  a  30-foot  radius  from  that 
position. 

The  ship  having  thus  been  prepared,  the  important  question  of  a 
leliable  instrvmex^t  for  observing  the  magnetic  dip  and  total  force  on 
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board  of  her  arose.  The  only  instrument  hitherto  used  for  this  purpose 
has  been  Mr.  R.  W.  Fox's  dip  and  intensity  apparatus  invented  in  1835, 
and  little  or  no  advance  made  in  its  construction  since  then.  It  certainly 
did  valuable  work  in  the  Antarctic  Magnetic  Survey  carried  out  in  the 
*  Erebus '  and  *  T«rror '  under  Sir  James  Ross,  and  also  in  the  *  Challenger  ' 
expedition  of  1872-76.  An  examination  of  the  work  done  in  the 
'Challenger'  under  most  favourable  circumstances  disclosed  certain 
defects  of  a  character  which  are  quite  inconsistent  with  the  precision  now 
required. 

For  example  the  needles  could  not  be  reversed,  and  hence  there  was 
constant  nece^sity  for  frequent  comparisons  with  an  absolute  instrument 
on  land  to  obtain  index  errors.  The  magnetic  moments  of  the  needles 
were  liable  to  change  with  no  accurate  means  of  knowing  when  the 
change  took  place,  thus  vitiating  the  sea  observations  of  total  force 
made  by  the  method  of  a  constant  deflecting  weight.  Again  the  deflect- 
ing magnets  used  for  a  second  method  of  obtaining  the  total  force  were 
liable  to  changes  with  no  means  for  ascertaining  the  period  of  such 
change  at  sea.  The  Fox  instrument  was  therefore  not  suited  for  the 
purposes  in  view. 

Previous  experience  having  shown  me  the  excellent  values  of  the 
absolute  horizontal  force  to  be  obtained  with  the  Barrow's  Dip  Circle 
fitted  with  Lloyd's  needles,  especially  in  high  latitudes,  I  arranged  for  a 
series  of  experiments  to  ascertain  the  best  methods  of  applying  the 
principles  of  Lloyd's  method  to  an  instrument  which  could  be  used  on  a 
gimbal  table  on  board  ship.  The  use  of  needles  with  cylindrical  axles 
resting  on  agate  planes,  either  for  dip  or  force,  was  impossible,  and  trials 
with  various  forms  of  needles  and  jewels  resulted  in  my  adopting  the 
forms  for  both  in  the  instrument  exhibited.  All  the  needles  have  axles 
terminating  in  a  cone  with  the  sharp  point  rounded  off  and  highly 
polished.  The  jewels  are  highly  polished  sapphires  fixed  to  the  cross 
bars  of  the  circle  in  which  conical  cavities,  slightly  larger  than  the  axles 
of  the  needles,  have  been  drilled  and  polished.  The  upper  half  of  the 
je^ivel  is  removed,  thus  leaving  a  cup  into  which  the  axles  of  the  needle 
can  be  lowered  by  the  lifter  provided.  By  this  arrangement  the  needles 
can  be  retained  in  place  even  when  the  gimbal  table,  upon  which  the 
instrument  is  placed,  is  subject  to  irregular  motions,  due  to  those  of  the 
ship. 

With  the  circle  thus  fitted  the  absolute  dip  and  total  force  can  be 
observed  agreeably  with  the  usual  methods  described  in  the  Admiralty 
Manual  of  Scientific  Enquiry. 

As  there  might  be  a  slight  oscillation  of  the  needle  at  times  when  the 
ship  is  unsteady  in  a  seaway,  I  have  arranged  that  the  ends  of  the 
needles  shall  come  so  near  the  graduated  arc  that  the  readings  may  be 
made  directly  by  the  microscopes  without  the  use  of  verniers,  as  in  the 
land  instruments. 

To  obviate  friction  between  the  axles  of  the  needles  and  the  jewels  I 
have  fitted  a  knob  on  the  top  of  the  circle,  which  should  be  gently  rubbed 
with  a  circular  motion  of  the  ivory  rubber  provided. 

The  readings  of  the  circle  may  be  accurately  made  at  night  by  placing 
a  candle  at  the  back  of  the  circle  when  the  light  will  be  reflected  by  the 
ivory  faces  of  the  microscopes  to  the  graduated  arc. 

The  zero  of  the  graduations  on  the  base  plate  is  so  placed  that  when- 
ever the  magnetic  direction  of  the  ship's  head  is  known  by  a  compass 
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adjacent  the  plane  of  the  circle  can  be  immediately  placed  in  the 
roa^etic  meridian  without  the  trouble  of  finding  the  meridian  by  the 
usual  method  with  the  circle. 

Two  instruments  of  the  kind  described  are  now  in  use  in  the  Antarctic 
ship  *  Discovery,'  and  the  German  expedition  in  the  Antarctic  ship  *  Gauss ' 
have  also  one  with  two  sets  of  needles. 


Experiments  for  imp'oving  the  CoTUsiruction  of  Practical  Standards  for 
Electrical  Measurements. — Report  of  the  Committee^  cwu^istifuj 
of  Lord  Rayleigh  (Chairman),  Mr.  R.  T.  Glazebrook  (Secretary), 
iiord  Kelvin,  Professors  W.  E.  Ayrton,  G.  Carey  Foster, 
J.  Perry,  W.  G.  Adams,  and  Oliver  J.  Lodge,  Dr.  J.  A. 
MuiRHEAD,  Sir  W.  H.  Preece,  Professors  J.  D.  Everett,  A. 
Schuster,  J.  A.  Fleming,  and  J.  J.  Thomson,  Mr.  W  N.  Shaw, 
Dr.  J.  T.  Bottomley,  Rev.  T.  C.  Fitzpatrick,  Dr.  G.  Johnstone 
Stoney,  Professor  S.  P.  Thompson,  Mr.  J.  Rennie,  Mr.  E.  H. 
Griffiths,  Professors  A.  W.  RCcker,  H.  L.  Callendar,  and 
Sir  Wm.  C.  Roberts  Austen,  and  Mr.  George  Matthey. 

Appendix. — X/rte  on  a  Compariwn  of  tJie  Silver  depoutfd  in  Voltameters 
containing  different  Solvents,    By  S.  Skikneb P^^gc.  32 

During  the  year  a  number  of  comparisons  have  been  made  at  the  Kew 
Obeervatory  among  the  standard  coils  of  the  Association.  The  temperature 
conditions,  however,  in  the  temporary  laboratory  are  not  sufficiently 
satisfactory  to  make  it  desirable  to  report  fully  on  the  results  ;  it  is  perhaps 
sufficient  to  say  that  no  evidence  of  any  very  marked  change  in  the 
relative  values  has  shown  itself.  It  is  hoped  that  the  coils  and  other 
apparatus  will  be  moved  to  Bushey  during  the  autumn. 

In  the  room  which  has  been  planned  for  their  reception  arrangements 
will  be  at  hand  for  controlling  the  temperature,  and  the  work  of  inter- 
comparison  and  control  of  the  standards  can  go  on  as  in  former  years  at 
Cambridge. 

Meanwhile  some  progress  has  been  made  in  the  preparations  for  the 
construction  of  mercury  standards.  A  number  of  tubes  of  *verre  dur' 
have  been  examined,  and  some  of  these  have  been  calibrated  ;  when  the 
apparatus  is  set  up  at  Bushey  his  work  will  go  forward  rapidly.  There 
has  also  been  during  the  year  some  demand  for  the  issue  of  standards  of 
capacity  :  this  it  has  not  been  possible  to  comply  with,  but  the  air  con- 
densers will  be  set  up  again  as  soon  as  possible,  and  then  capacity  tests 
can  be  made. 

With  regard  to  platinum  thermometry,  Mr.  Matthey  supplied  the 
Committee  with  a  further  specimen  of  wire,  for  which  he  had  made  a 
large  stock.  This  was  tested  carefully,  both  at  Kew  and  under  Mr.  Griffiths' 
directions,  by  Mr.  Green  at  Cambridge,  and  the  values  found  for  the 
constants  were  as  under  : 

8=l-495±005 

The  wire  has  proved  in  every  way  satisfactory,  and  the  money  voted 
to  this  Committee  last  year  (45^.)  has  been  spent  in  purchasing  it. 
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Mr.  Matthey,  however,  is  retaining  for  the  present,  for  the  use  of  the 
Committee,  some  more  of  the  wire,  and  it  is,  in  their  opinion,  desirable 
that  they  should  purchase  it  also.  It  is  essential  for  the  success  of  the 
scheme  approved  by  the  Committee  at  their  last  meeting  that  they  should 
have  a  sufficient  stock  of  the  wire  for  a  very  long  period,  and  they  are 
anxious  not  to  lose  the  present  opportunity  of  acquiring  such  a  stock. 

Expense  will  also  be  incurred  in  the  preparation  of  the  mercury 
standards. 

The  illness  and  death  duiing  the  year  of  Professor  Yiriamu  Jones 
have  prevented  any  great  progress  being  made  with  the  ampere  balance. 
Some  part  of  the  apparatus,  however,  has  been,  constructed,  and  is  in 
Professor  Ayrton's  hands,  and  the  Committee  have  good  hopes  that 
further  progress  may  be  reported  shortly. 

The  Committee  desire  to  put  on  record  their  sense  of  tho  loss  which 
Physical  Science  has  suffered  by  the  deaths  of  Professors  J.  V.  Jones  and 
G.  F.  FitzGerald,  who  for  many  years  had  been  members  of  the  Committee, 
and  had  contributed  in  a  marked  degree  to  its  work  ;  and  by  that  of 
Professor  Rowland,  whose  redetermination  of  the  absolute  value  of  the 
£.A.  unit  was  practically  the  starting-point  of  the  work  of  the  present 
Committee.  Professor  Rowland  had  on  more  than  one  occasion  been  a 
valued  visitor  at  meetings  of  the  Committee. 

A  paper  by  Mr*  Skinner  on  a  pyridine  voltameter  is  printed  as  an 
appendix.  Professor  Callendar*s  paper  on  the  variation  of  the  specific 
heat  of  water  is  closely  connected  with  the  work  of  the  Committee. 

In  conclusion,  the  Committee  recommend  that  they  be  reappointed, 
with  a  grant  of  501.  ;  that  Lord  Rayleigh  be  Chairman,  and  Mr.  R.  T.  Glaze- 
brook  Secretary. 


APPENDIX. 

^ote  on  a  Comparison  of  tits  Silver  deposited  in  Voltameters  containiiig 
different  Solvents.  By  S.  Skinner,  M.A,^  Dtmonstrator  of  Experi- 
mental PhysicSy  Cambridge, 

In  1892  Schuster  and  Crossley  ^  showed  that  when  the  same  current 
is  passed  through  two  silver  voltameters  containing  silver  nitrate  in 
aqueous  solution,  one  voltameter  in  a  vacuum  and  the  other  in  air,  about 
O'l  per  cent,  more  silver  was  deposited  in  the  vacuum  than  in  air. 
This  result  was  confirmed  by  Myers.^  These  results  clearly  prove  that 
there  is  an  uncertainty  in  the  action  of  the  silver  voltameter  depending 
on  the  presence  of  air  or  oxygen,  and  consequently  on  the  freshness  of 
the  solution.  Werner  ^  found  that  a  silver  nitrate  solution  in  pyridine 
gives  by  the  rise  in  the  boiling-point  of  the  solvent  a  nearly  normal  mole- 
cular weight  for  the  salt ;  and  Kahlenberg  *  found  that  the  solution  was 
an  electrolyte,  and  could  be  used  in  the  silver  voltameter ;  but  that, 
contrary  to  what  follows,  more  silver  was  deposited  from  aqueous  solution 
than  from  pyridine  solution  by  the  same  current.  In  the  following 
experiments  a  comparison  has  been  made  of  the  deposits  produced  by  the 

»  Proc.  R.8.t  60,  p.  344.  *  Annalen,  66,  p.  288. 

•  ZeiU,  Anorg.  Chem.,  1897, 16,  p.  23.        *  Jaum,  Phyncal  Chem.,  1900,  p.  849, 
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same  ourmnt  in  diver  voltameters  containing  aqueous  and  pyridine  solu- 
tions of  silver  nitrate. 

The  platinum  bowls  used  are  those  numbered  I.  and  V.  in  the  paper 
on  the  Measurement  of  the  Electromotive  Force  of  the  Clark  Cell  *  by 
Mr.  Qlazebrook  and  myself.  The  anode  for  bowl  I.  was  a  silver  disc,. 
5  cm.  in  diameter,  hung  by  a  silver  rod,  and  a  silver  cyliuder  was  used 
for  bowl  V.  The  dimensions  of  the  bowls  are  given  in  the  paper  men- 
tioned above.  100  c.c.  of  solution  was  used  in  each  case,  and  the  pyridine 
solution  contained  10  per  cent,  of  silver  nitrate,  whilst  the  aqueous 
solution  contained,  as  usual,  15  per  cent,  of  the  salt. 

The  areas  of  the  exposed  surfaces  were  approximately  as  follows  :  * 

Bowl  I.  Bowl  V. 

Cathode  surface      .        .    76     sq.  cm.        67  aq.  cm. 
Anode  sorface         .        .    19-6  sq.  cm.        18  sq.  cm. 

The  conditions  of  current  density  in  the  two  bowls  may  be  regarded 
as  practically  identical. 

The  deposit  of  silver  from  the  aqueous  solution  was  crystalline,  and 
the  character  of  the  crystals  appeared  to  vary  with  the  current  density. 
The  deposit  was  washed  by  standing  in  distilled  water  for  several  hours 
and  dried  over  an  alcohol  name.  The  deposit  from  the  pyridine  solution 
is  continuous,  and  forms  a  hard  coating :  it  is  washed  with  water  in  which 
both  pyridine  and  silver  nitrate  are  soluble.  It  is  sometimes  slightly 
coloured,  but  on  drying  becomes  white.  On  further  heating  over  the  alcohol 
flame  it  develops  a  pearly  lustre,  and  in  this  condition  it  has  been  weighed. 

A  Western  ampere  meter-  was  included  in  the  same  circuit,  and 
served  to  indicate  the  constancy  of  the  current.  The  reading  of  the 
ampere  meter  is  given  in  the  second  column  of  the  table.  The  variations 
of  the  current  were  very  small.  In  the  table  the  result  of  every  experi- 
ment which  I  have  made  is  given. 


Date 

Current  by 
Weefcon 
Meter 

Weight  deposited 

from 
Pyridine  Bolntion 

Weight  deposited     Differenoe 

from           !           in 
Aqueous  Solution  Milligrammes 

Percentage  i  *j  .^ 
Difference    N^*~ 

Aug.]  6 
«   16 
..    14 
,.     8 
M    21 
»      6 
>.    12 
„    10 
-    19 
M   20 

007 

0-076 

013 

0-263 

0-266 

0-368 

0876 

0-416 

0-62 

100 

•8116 

•8696 
1-2665 

•7866 
2-2796 
11890 

•9630 
1-4226 
2-0010 
2-0180 

•8105 

•8686 
1-2626 

•7820 
2-2730 
1-1340 

-9600 
1-4200 
1-9982 
20155 

1-0 
10 
40 
4-5 
66 
60 
30 
26 
2-8 
2-5 

•124 

•115 

•318 

-575 

•30 

•44 

•41 

•276 

•14 

•12 

(a) 

Total  deposits . 

13-6670 

13-6242 

32-8 

•24 

(a)  and  {V). — In  these  two  experiments  the  aqueous  solution  was  in  a  partial 
vacuum  (8  cm.  pressure),  and  •!  per  cent,  has  been  added  to  the  percentage  difference 
to  make  them  comparable  with  the  other  experiments. 

(tf). — Fresh  solutions  were  used  in  this  experiment,  and  the  same  solutions  werA 
used  on  all  subsequent  dates.  A  few  particles  of  silver  were  lost  from  the  aqueous 
voltameter  in  this  experiment,  August  14. 

The  first  result  of  these  experiments  is  clearly  that  all  the  deposits 

»  PML  Trani.,  1892,  A. 
1901.  D 
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from  the  pyridine  solutions  weigh  more  than  those  from  the  aqueottt 
solutions. 

In  the  measurements  of  the  E.M.F.  of  the  Clark  cell  by  Mr.  Glaze- 
brook  and  myself  the  same  current  was  sent  through  two  systems  of 
silver  voltameters  in  series,  and  15'5123  grammes  were  deposited  in  the 
bowls  which  received  the  greater  deposits,  as  against  15*5055  grammes  in 
those  which  gained  the  smaller  deposits.  This  gives  a  mean  percentage 
difference  of  '044,  which  may  be  compared  with  the  mean  percentage 
difference  of  *24  in  the  present  experiments.  It  is  obvious  that  iMa 
difference  is  of  a  much  higher  order,  but  this  difference  is  a  mean  of 
experiments  which  differ  much  more  between  themselves.  On  that 
account  I  think  it  is  better  to  discuss  the  experiments  in  groups.  The 
experiments  divide  themselves  roughly  into  two  groups.  There  is,  first, 
a  group  consisting  of  those  in  which  the  current  was  about  *07  ampere  and 
from  *5  to  1  ampere.  This  contains  the  extremes  as  regards  currenti  and 
in  it  the  mean  percentage  difference  would  be  just  over  '1  per  cent.  So 
that  for  these  values  of  current  the  deposit  from  pyridine  would  weigh 
almost  the  same  as  Schuster  and  Crossley  found  for  a  vacuum,  which,  it 
will  be  remembered,  was  '1  per  cent,  higher  than  in  air. 

The  second  .group  consists  of  those  experiments  in  which  the  current 
value  lies  between  *13  and  '41  ampere,  and  here  the  mean  percentage 
difference  is  much  larger,  i.e.,  '38.  Over  this  range  one  of  the  deposits 
seems  to  be  uncertain,  and  X  think  these  experiments  may  be  considered 
to  indicate  that  between  these  values  of  current  in  the  given  bowls  one 
of  the  two  voltameters  is  irregular  in  its  action.  The  character  of  the 
silver  crystals  appeared  to  be  variable,  whilst  the  hard  film  of  silver  frota 
the  pyridine  solution  had  always  the  same  texture.  The  aqueous  volta- 
meter seemed  to  work  best  with  the  large  currents  *5  to  1  ampere  when 
the  crystals  were  small,  hard,  and  closely  packed.  At  the  lower  values  of 
current  the  silver  crystals  were  thin,  long,  and  friable.  At  the  lowest 
value  they  were  again  small  and  hard.  One  explanation  of  the  variation 
may  be  that  particles  of  silver  are  more  easily  lost  during  the  washing, 
when  the  crystals  are  of  the  second  character. 

Conclusions : — 

(1)  That  Faraday's  law  holds  to  within  *24  per  cent,  in  the  mean  for 
silver  nitrate  when  aissolved  in  two  different  solvents. 

(2)  That  for  current  values  of  *07  and  '5  to  1  ampere  in  the  given 
bowls  the  amount  of  silver  deposited  from  a  pyridine  solution  of  silver 
nitrate  is  nearly  the  same  as  that  deposited  from  an  aqueous  solution  in  a 
vacuum. 

(3)  That  for  current  values  between  '1  and  '5  ampere  more  silver  is 
obtained  in  the  pyridine  voltameter  than  in  the  aqueous  voltameter. 


Note  on  the  Variation  of  the  Specific  Heat  of  Water. 
By  Professor  H.  L.  Callewdar,  F.R.S. 

[Ordered  by  the  General  Committee  to  be  printed  in  exteTuo."] 

The  method  adopted  for  determining  the  variation  of  the  specific  heat  of 
water  was  described  and  the  apparatus  exhibited  at  the  Toronto  Meeting 
of  the  British  Association,^  and  the  results  up  to  a  temperature  of  60^  C. 

•  £.A,  Hejf.,  1897. 
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were  given  in  a  preliminary  note  communicated  to  Section  A  at  the 
Dover  Meeting.^  The  final  results  were  communicated  to  the  Royal 
Society  in  June  1900,^  and  are  now  in  course  of  publication  in  the  '  Phil. 
Trans.'  The  object  of  the  following  note  is  to  discuss  one  or  two  minor 
corrections  and  reductions  which  have  been  suggested. 

Values  below  20**. 

At  the  Dover  Meeting  of  the  British  Association  it  was  stated  that 
the  observations  agreed  very  perfectly  on  the  average  with  Ilowland's 
from  5*^  to  35°,  but  indicated  a  slightly  more  rapid  change  near  the 
freezing-point.  This  change  required  further  verification,  and  was  not 
included  in  the  formulaB  then  suggested.  Subsequent  observations  have 
confirmed  this  efiect,  which  may  be  represented  within  the  limits  of 
probable  error  by  the  addition  of  another  term  to  the  formula  below 
20°  C.  The  formula  given  in  1899  for  the  specific  heat  8  at  any  tempera- 
ture t  between  0°  and  60°  was  as  follows  : — 

«=:-9982  +  -0000045(«-40)«       .        .        •        (1) 

Below  20°  the  formula  should  read  : 

5=-9982  + -0000045  (<-40)«- -0000005  («-20)«        ,        (2) 

This  formula  agrees  with  the  curve  and  with  the  correction  to  the  total 
heat  h  of  the  liquid  given  in  the  note  in  the  '  British  Association  Report/ 
1899.  Values  calculated  by  these  formulse  are  given  in  Table  II.  in  the 
column  headed  B.A.  1899. 

The  quantity  actually  observed  by  Rowland  was  the  total  heat  of 
the  liquid  from  the  starting-point  of  each  experiment.  The  following 
table  ^owB  the  close  agreement  of  his  results  with  this  formula  : — 

Table  L—  Values  qf  Total  Beat  of  Water,  6^-36°. 


Tompewtnre. 

FormnlflB  (1)  and  (2). 

Bowlond. 

0 

6 

6-037 

6037 

10 

10056 

10058 

15 

16-065 

15068 

20 

20-068 

20071 

25 

26065 

25-067 

30 

80060 

30057 

36                    1 

35052 

35053                    1 

SesiUts  ah(m  60^. 

In  the  'British  Association  Report,'  1899,  Regnault's  formula  was 
adopted  for  the  variation  above  60°,  modified  by  subtracting  a  constant 
quantity  -0056,  to  make  it  fit  with  formula  (1)  at  60°,  and  to  reconcile 
his  results  with  those  of  Reynolds  and  Moorby.     We  thus  obtain 


8=0-9944  -f  0-00004«  +  -0000009^2 


(3) 


Subsequently  to  the  Dover  Meeting  Dr.  Barnes  succeeded  in  obtaining 


«  B.A.  Rep,,  18D0. 


«  Proc.  R,8.,  1900. 
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five  or  sue  results  at  points  between  66°  and  92^,  which  are  represented 
within  one  part  in  10,000  by  the  linear  formula 

«=!  + •00014(^-60)     ....        (4) 

This  formula  gives  a  value  nearly  1  in  1,000  lower  than  (3)  at  90°, 
but  it  cannot  be  reconciled  with  Regnault's  observations  between  110° 
and  190°  C,  and  it  would  therefore  probably  be  better  to  retain  (3), 
since  it  is  likely  that  the  specific  heat  would  increase  more  rapidly  at 
high  temperatures. 

Although  the  actual  observations  at  these  higher  points  agree  with 
formula  (4)  much  more  closely  than  1  in  1,000  it  is  conceivable  that  they 
might  contain  a  constant  error  of  this  order  at  90**. 

More  complicated  formulse  are  given  by  Dr.  Barnes,^  but  since  the 
whole  variation  of  the  specific  heat  is  so  small  it  does  not  seem  worth 
while  to  change  the  simpler  formulse  already  published  in  the  '  British 
Association  Report,'  1899,  which  represent  the  observations  equally  welL 

Comparison  with  Ludin. 

The  results  of  the  observations  of  Liidin  by  the  method  of  mixtures 
are  given  in  Table  II.  for  comparison.  They  agree  very  well  below  20°,  but 
show  a  minimum  at  25°  0.  Above  this  point  they  increase  rapidly  to  a 
maximum  at  85°  C,  which  is  1  per  cent,  greater  than  the  value  found  by 
Barnes  when  expressed  in  terms  of  the  same  unit.  This  rapid  increase 
may  possibly  be  explained  by  radiation  error  from  the  hot- water  supply. 
The  subsequent  diminution  between  85°  and  100°  may  be  due  to 
evaporation  of  the  boiling  water  on  its  way  to  the  calorimeter.  These 
errors  are  peculiar  to  the  method  of  mixtures,  and  are  completely 
eliminated  in  the  electrical  method.  Moreover,  the  quantity  measured 
in  the  method  of  mixtures  is  n'ot  the  actual  specific  heat  at  the  higher 
limit  t,  but  the  mean  specific  heat  between  t  and  the  temperature  of  the 
calorimeter.  The  values  of  the  actual  specific  heat  at  ty  which  depend  on 
differentiating  the  curve  of  mean  specific  heat,  are  thus  rendered 
extremely  uncertain  near  the  extremities  of  the  range.  The  electrical 
method  avoids  this  uncertainty,  since  it  directly  measures  the  rise  of 
temperature  produced  by  the  same  quantity  of  energy  at  different  points 
of  the  scale. 

Correction  for  Variation  of  Temperature  Gradient  in  the  Flow-tvhe, 

If  E  is  the  difference  of  electric  potential  in  volts  between  the  ends 

of  the  conductor ; 
C,  the  current  in  amperes  through  it ; 
J,  the  number  of  joules  required  to  raise  1  gramme  of  water  1°  C. 

at  the  mean  temperature  of  the  experiment ; 
Q,  the  water-flow  in  grammes  per  second  ; 
6,  the  rise  of  temperature  ; 
Ad,  the  loss  of  heat  by  radiation,  <S^c.,  in  joules  per  second, 

we  have  the  simple  equation 

EC=JQ9+Ae  ....        (5) 

If  we  assume  that  the  heat-loss  hO  is  the  same  for  two  different  flows, 
provided  that  the  electrical  current  is  regulated  so  as  to  secure  the  Same 

»  Proc.RS,  1900. 
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final  rise  of  temperature  0,  we  can  easily  eliminate  h  and  tind  J.  When 
the  flow  is  large,  the  heat  loss  hti  is  a  small  fraction,  1  or  2  per  cent.,  of 
the  whole.  The  gradient  of  temperature  in  the  flow-tube  is  then  nearly 
constant,  but  diminishes  slightly  as  the  temperature  rises,  owing  to 
increased  rate  of  loss  of  heat.  With  smaller  flows  this  effect  increases, 
as  the  magnitude  of  the  loss  hd  becomes  greater  in  proportion  to  the 
whole.  There  is  therefore  a  small  systematic  variation  in  the  tempera- 
ture distribution  when  the  flow  is  changed,  which  may  be  calculated  from 
the  differential  equation  representing  the  conditions  of  heat-loss  and 
supply.  The  effect  can  be  represent^  by  adding  to  equation  (5)  a  term 
llA^(^/25  JQ,  in  which  the  numerical  factor  11/25  depends  on  the  relative 
dimensions  of  the  tubes  of  the  calorimeter  employed.  At  a  temperature 
of  30**  C.  A  is  2  per  cent,  of  JQ  for  the  larger  flows,  and  the  correction 
amounts  to  only  2  or  3  parts  in  10,000.  Dr.  Barnes  observed  that  the 
results  deduced  from  the  smaller  flows  differed  systematically  from  those 
given  by  the  larger  flows,  but  the  differences  were  so  small  that  he 
thought  they  might  be  due  to  accidental  errors  of  observation  or  some 
defect  of  the  method.  I  find,  however,  that  these  small  systematic  differ- 
ences are  almost  exactly  accounted  for  by  the  correction  in  question.  This 
is  an  excellent  verification  of  the  accuracy  of  the  work.  The  importance 
of  the  porrection  arises  from  the  fact  that  the  heat-loss  increases  nearly 
as  the  fourth  power  of  the  absolute  temperature,  and  the  correction  itself 
increases  as  the  square  of  the  heat-loss.  Although  practically  negligible 
at  ordinary  temperatures,  it  reaches  one  part  in  1,000  at  the  higher 
points.  The  results  published  in  the  *  Proc.  R.S.,'  1900,  must  be  corrected 
for  this  source  of  error.  The  corrected  values  are  given  in  column  (1)  of 
Table  II. 

Reduction  to  the  Hydrogen  Scale, 

The  observations  were  all  taken  directly  with  standard  platinum  ther- 
mometers, and  the  temperatures  were  reduced  by  means  of  the  difference 
formula 

<-^<=l-50^(<-100)/10,000  ...        (6) 

This  gives  a  perfectly  definite  scale  of  temperature,  which  agrees  very 
closely,  according  to  the  observations  of  Callendar  and  Griffiths,*  with 
that  of  the  constant-pressure  air-thermometer.  It  is  really  preferable 
and  express  the  results  in  terms  of  this  scale,  which  has  the  advantage 
that  it  can  be  reproduced  with  much  greater  accuracy  than  is  attainable 
in  gas-thermometry.  If,  however,  we  assume  that  it  coincides  with  the 
scale  of  the  air-thermometer,  it  would  be  desirable  to  reduce  the  results 
to  the  hydrogen  scale,  as  being  a  closer  approach  to  the  absolute  thermo- 
dynamic scale. 

In  making  this  reduction  it  would  be  most  natural  to  assume  the  well- 
known  formula  for  the  difference  between  the  nitrogen  and  hydrogen 
scales  given  by  Chappuis,  and  quoted  by  GuiUaume  and  other  authorities  : 

<»-^=<(<-100)(h-6-318h-000889<-0-001323<2)x10-«  .        .  (7) 

This  has  been  done  by  Griffiths,'^  who  gives  a  table  of  our  results  so 
reduced.  There  are,  however,  one  or  two  objections  to  be  considered. 
(1)  The  formula  of  Chappuis  makes  the  differences  <„— <*  negative  be- 
tween 80**  and  100°,  so  that  the  correction  to  the  specific  heat  changes 
from  —2  in  10,000  at  80**  to   -f  6  in  10,000  at  100^     Chappuis  himself 

»  Phih  Trani.^  1890,  »  Thermal  Measurement  of  ^ergy,  Cambridge,  190X. 
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considers  this  impossible,  and  has  recently  ^  proposed  an  emended  carve, 
which  would  alter  the  correction  by  nearly  one  part  in  1,000  at  100®. 
(2)  The  experiments  of  Chappuis  refer  to  the  constant-volume  nitrogen- 
thermometer  at  one  metre  of  mercury  initial  pressure,  whereas  the 
difference- formula  is  assumed  to  refer  to  the  constant-pressure  air-ther- 
mometer at  76  cm.  pressure.  The  correction  in  the  latter  case  is  quite 
different,  so  that  we  should  not  assume  Chappuis'  results  for  the  reduction. 
On  the  whole  we  shall  probably  be  nearest  the  truth  if  we  calculate  the 
correction  for  the  scale  of  the  constant-pressure  air-thermometer  from 
the  observations  of  Joule  and  Thomson  ^  by  the  method  which  I  have 
explained  in  'Proc.  Phys.  Soc./  March  1901.  It  happens  that  the 
correction  to  the  results,  when  calculated  in  this  manner,  is  very  nearly 
equal  and  opposite  to  that  already  given  for  the  variation  of  the 
temperature-gradient  in  the  flow-tube,  so  that  if  both  corrections  are 
applied  the  results  are  practically  unchanged.  It  must  be  remembered, 
however,  that  one  of  these  corrections  is  certain  and  obligatory,  whereas 
the  other  is  to  a  great  extent  a  matter  of  taste.  It  would  really  be 
more  scientific  to  omit  the  uncertain  reduction  to  the  hydrogen  scale. 

The  value  of  the  difference  coefficient  1*50  in  formulsd  6  is  calculated, 
assuming  the  boiling-point  of  sulphur  to  be  444^*5,  on  the  scale  of  the  con- 
stant-pressure air- thermometer.  If  we  took  the  boiling-point  of  .sulphur 
to  be  445*^*2  (as  determined  by  Hsirker  and  Chappuis  with  a  constant- 
volume  nitrogen-thermometer  at  560  mm.  initial  pressure),  we  should 
find  <^=1*54.  This  would  make  a  difference  of  4  in  10,000  in  the  values 
of  the  specific  heat  at  0®  and  100®.  But  the  correction  from  the  constant- 
volume  nitrogen  scale  would  be  much  smaller,  so  that,  by  a  curious 
coincidence,  the  final  results  reduced  to  the  hydrogen  scale  would  be 
almost  identical  with  those  already  given. 

Table  II. —  Variation  of  Specijic  Heat  of  Water  in  terms  of  a  Unit  at  20®  C. 


Tempera- 

R.S. 1900 

Reduced  to 

"BJl.  Report, 

Ltidin,  1895 

ture 

Corrected 

H  Scale 

1899 

o 

0 

1-0080 

1-0084 

10094 

1-0084 

5 

10052 

1           10055 

10054 

10051 

10 

10029 

10031 

1-0027 

10026 

15 

lOOll 

10012 

1-0011 

1-0009 

20 

1-0000 

10000 

1-0000 

1-0000 

25 

•9991 

•9991 

-9992 

•9998 

30 

•9987 

•9986 

•9987 

•9999 

35 

-9986 

•9984 

•9983 

1-0006 

40 

•9986 

-9984 

•9982 

1^0017 

45 

•9988 

-9986 

•9983 

10030 

50 

•9993 

•9989 

•9987 

1-0046 

55 

•9998 

•9994 

-9992 

1-0063 

60 

10005 

1-0000 

10000 

10079 

65 

1-0011 

10006 

10008 

1-0094 

70 

1-0018 

10013 

1-0016 

1-0109 

75 

1-0024 

10020 

1-0024 

1-0123 

80 

10033 

10027 

10033 

1-0131 

85 

1-0040 

10034 

1^0043 

1-0137 

90 

1-0048 

1-0041 

1-0053 

1-0136 

95 

1-0065 

1-0048 

1-0063 

1-0129 

100 

10062 

10065 

1-0074                     1-0117 

»  Phil  Mag.,  m 

K) 

'  Phxl.  Trans.,  1862. 
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Badiation  in  a  Magnetic  Field, — Report  of  the  Committee,  consisting  of 
the  late  Professor  G.  F.  FitzGerald  (Chairman)^  Professor  W.  E. 
Thrift  (Secretary),  Professor  A.  Schuster,  Principal  0.  J. 
Lodge,  Professor  S.  P.  Thompson,  Dr.  Gerald  Molloy,  and  Dr. 
W.  E.  Adeney. 

The  Committee  have  to  refer  with  feelings  of  the  deepest  regret  to  the 
death  of  their  Chairman,  Professor  G.  F.  FitzGerald,  and  acknowledge 
that  their  work  has  been  much  impaired  by  the  loss  they  have  sustained. 

That  work  seemed  twofold  :  in  the  first  place,  to  obtain  specimen 
prints  and  enlargements  of  the  negatives  left  by  Preston,  in  order  to 
consider  the  advisability  of  publishing  them  ;  in  the  second  place,  to 
study  the  negatives  and  measure  the  separations  of  the  various  lines. 

Nineteen  of  these  negatives  are  interesting,  viz.,  ten  of  iron,  five  of 
cadmium  and  zinc,  two  of  magnesium,  one  of  strontium,  and  one  of  nickel, 
but  their  value  is  much  lessened  because  no  information  is  obtainable 
concerning  the  corresponding  strength  of  the  magnetic  field.  However, 
from  their  examination  of  the  specimen  prints  and  enlargements  which 
they  have  obtained,  the  Committee  conclude  that  it  would  be  desirable 
to  publish  prints  of  some,  at  least,  of  the  negatives.  They  are  interesting 
on  account  of  their  priority  as  photographic  records  of  the  effect  of  a 
magnetic  field  upon  the  spectral  Imes^  and  on  account  of  the  clearness  with 
which  they  exhibit  the  effect,  both  in  its  normal  and  in  many  anomalous 
forms ;  and  the  information  derivable  from  them  would  thus  become 
available  to  all.  The  Committee,  therefore,  recommend  their  publication, 
and  ask  for  reappointment,  with  a  grant  of  15/.,  in  order  to  carry  this 
recommendation  into  effect. 

The  work  of  measuring  the  negatives  has  been  confined  to  preliminary 
investigations  on  the  degree  of  accuracy  attainable,  and  to  some  observa- 
tions on  the  iron  spectrum.  With  the  instrument  used  by  Sir  Robert 
Ball  and  Dr.  Kambaut  for  measuring  star  photographs  it  was  possible  by 
special  arrangements  to  measure,  in  general,  to  0  006  tenth  metre.     This 

X' 
would  imply  that  the  resulting  values  of  — ,  for  example,  25*8  x  10^  are 

accurate  to  0*2  or  0'3.     But  the  calculated  values  of  -  -   for  the    lines, 

A\ 

observed  so  far,  show  such  variety  that  the  verification  for  iron  of  the 

law  demonstrated  by  Preston  for  cadmium,  zinc,  and  magnesium  seems 

most  improbable  at  present. 

Several  anomalous  lines  have  been  observed,  particularly  the  quintet 
at  3743-51. 

No  unaffected  lines  have  been  met  with  ;  those  which  are  not  split 
up  into  separate  components  are  much  broadened. 


Interference  and  Polarisation  of  Electric  Waves. 
By  Professor  Dr.  G.  Quincke. 

[Ordered  by  the  General  Committee  to  be  printed  in  eaotenio.'] 
In  the  Physical  Laboratory  of  the  University  of  Heidelberg  Dr.  August 
Becker  has  measured   the  wave-lengths  of  electric  vibrations  in  inter- 
ference-tubes with  two  branches  or  in  T-shaped  tubes  of  the  form  which 
Professor  Quincke  used  for  acoustical  researches. 

The  maxima  and  mimma  of  the  waves  have  been  observed  by  means 
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of  a  coherer  in  air,  and  in  different  fluid  or  solid  dielectrics.  Through 
interference- tubes  with  two  branches  only  those  vibrations  are  transmitted 
which  are  parallel  to  the  plane  of  the  branches,  and  of  a  wave-length 
equal  to  1'6  the  diameter  of  the  tube.  Such  an  interference- tube  repre- 
sents for  electric  waves  a  Nicol  prism  or  a  coloured  glass  plate  for  optical 
waves.  Wave-length  or  velocity  inside  the  interference-tubes  is  about 
^  of  the  wave-length  or  velocity  outside  in  the  free  air.  The  ratio  of  the 
wave-length  in  air  and  in  fluids  gives  »^k^k  being  the  specific  inductive 
capacity  of  the  fluid. 


Seismologicallnvestigatums, — Siodh  Report  of  the  Committee,  consisting 
of  Professor  J.  W.  Judd  (Chairman)^  Mr.  J.  Milne  {Secretary)^ 
Lord  Kelvin,  Professor  T.  G.  Bonney,  Mr.  C.  V.  Boys,  Professor 
G.  H.  Darwin,  Mr.  Horace  Darwin,  Major  L.  Darwin,  Professor 
J.  A.  EwiNG,  Professor  C.  G.  Knott,  Professor  R.  Meldola,  Mr. 
R.  D.  Oldham,  Professor  J.  Perry,  Mr.  W.  E.  Plummer,  Pro- 
fessor J.  H.  PoYNTiNG,  Mr.  Clement  Reid,  Mr.  Nelson  Richard- 
son, and  Professor  H.  H.  Turner. 
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I.  On  Seismological  Stations  abroad  and  in  Great  Britain. 

Seismographs  of  the  type  recommended  by  the  Seismological  Investiga- 
tion Committee  of  the  British  Association  have  been  constructed  for  and 
in  most  instances  are  abready  established  at  the  following  stations  : — 


♦1.  Africa. 

Cape  Town. 

•20.  Mauritius  . 

Royal  Alfred  Ob- 

♦2.    „ 

Cairo. 

servatory. 

3.  Australia  . 

Helboome. 

21.  Mexico 

Mexico. 

4.       » 

Sydney. 

22.1  New  Zealand  (2 
23.  J     instruments) 

WeUington  (2  in- 

6.      ,. 

Weston  Australia. 

struments). 

♦6.  Canada     . 

Toronto. 

24.  Portugal    . 

Coimbra. 

*7.      „ 

Victoria,  B.C. 

25.  Russia       . 

Irkutsk. 

8.  Ceylon      . 

Colombo. 

26 

Tiflis. 

♦9.  England   . 

Shide,  Isle  of  Wight 

27 

Tasohkent 

♦10.        „ 

Kew. 

•28.  Scotland  . 

Edinburgh. 

♦11.        ., 

Bidston. 

29 

Paisley. 

12.  Germany  . 

Strassborg. 

•30.  8.  America 

Cordova. 

13.  Honolalu. 

Hawaii. 

31. 

Arequipa. 

•14.  India 

Calcutta. 

•32.  Spain 

San  Fernando. 

♦16.      ., 

Madras,  Eodaikanal. 

33.  Syria 

Beyrut. 

16.      „ 

„       Jngga  Row. 

84.  Trinidad. 

♦17.      „ 

Bombay. 

35.  U.S.  of  America 

•18.  Java 

Batayia. 

36.             „ 

Baltimore, 

•19.  Japan      . 

Tokio. 
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The  last  instrument  constructed  is  in  charge  of  Mr.  L.  Bemacchi,  of 
the  ss.  '  Discovery.'  If  possible  it  is  to  be  used  in  the  Antarctic  Regions. 
Continuous  records  have  been  received  from  stations  marked  witii  an 
asterisk,  whilst  Mexico,  New  Zealand,  Trinidad,  Philadelphia,  and  Balti- 
more have  sent  occasional  records. 

The  last  registers  issued  bj  the  British  Association  Committee  are 
Circulars  Nos.  2  and  3.  These  refer  to  Shide,  Kew,  Toronto,  Victoria,  B.C., 
San  Fernando,  Cairo,  Cape  Town,  Mauritius,  Calcutta,  Bombay,  Kodai- 
kanal,  Batavia,  and  Coniova.  These  are  complete  up  to  the  end  of 
December  1900,  excepting  for  Cordova  (Circular  No.  2),  the  entries  for 
which  end  on  June  21,  1900. 

The  instruments  now  in  use  at  the  Shide  station  are  : — 

1.  A  photographic- recording  horizontal  pendulum  oriented  North  and 
South.     This  is  the  type  of  instrument  similar  t^  those  at  other  stations. 

2.  A  pair  of  pendulums  similar  to  the  above  oriented  North-South 
and  East-West.  This  instrument  was  kindly  presented  to  your  Secretary 
by  Mr.  A.  F.  Yarrow. 

3.  A  pair  of  horizontal  pendulums  writing  on  smoked  paper.  These 
have  arms  14  inches  in  length,  and  each  carries  a  10  lb.  weight. 

4.  A  pair  of  horizontcd  pendulums  also  writing  on  smoked  paper 
The  arms  are  9  feet  in  lengtli,  and  each  weighs  about  100  lb.  This  and 
instrument  No.  3  give  open  diagrams. 

5.  A  simple  spiral  spring  seismograph  for  vertical  motion.  Becord 
photographic. 

6.  A  large  balance  arranged  to  show  tilting. 


Analyses  of  Eecordsfor  1 900. 

An  analysis  of  the  earthquakes  recorded  during  the  year  1900,  similar 
in  character  to  that  given  in  the  Fifth  Report  issued  by  your  Committee 
for  the  records  of  the  previous  year,  is  in  progress.  Its  length  precludes 
it  from  appearing  in  these  reports. 

On  the  Approximate  Frequency  of  Earthquakes  at  different  Stations, 

In  the  following  table  the  large  numerals  to  the  right  of  or  beneath 
the  name  of  a  given  station  indicate  the  actual  number  of  disturbances 
recorded  at  that  station  during  given  intervals  of  time.  For  all  stations, 
excepting  three,  these  intervals  are  the  years  1899  and  1900.  The  three 
exceptions  are  Cairo,  for  which  the  interval  is  the  year  1900  ;  Calcutta, 
from  July  to  December  1900  ;  and  Cordova,  from  January  to  June  1900. 
Inasmuch  as  at  all  stations,  for  a  variety/  of  reasons,  there  have  been 
interruptions  in  the  continuity  of  observations,  these  time  intervals  must 
only  be  regarded  as  approximations.  As  it  is  difficult  in  the  case  of 
certain  minute  disturbances  to  determine  whether  these  have  a  seismic 
origin  or  are  due  to  some  other  cause,  the  large  numerals  are  only  approxi- 
mations. 

The  small  numerals  to  the  right  or  left  of  a  large  numeral  ffive 
the  percentage  of  the  earthquakes  recorded  at  the  station  to  which  it  re^rs, 
which  are  common  to  the  registers  of  the  other  stations.  For  example,  out 
of  210  records  at  Shide,  58  per  cent,  of  them  were  also  noted  at  Kew,  and 
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40  per  cent,  at  one  or  more  stations  in  Europe.^     These  latter  refer  to 
Strassburg,  Hamburg,  Laibach,  Trieste,  or  observatories  in  Italy. 


o 

i 

1 

1 
1 

1 
1 

d 

pq 

> 

2 

1 

1 

1 

CO 

0 

1 

O 

5  ce 
II 

Shide  . 

210 1  58 

32 

47 

49 

6 

12 

23   7 

34 

19 

25 

19 

40 

Kew   . 

64  !220 

29 

35 

35 

3 

9 

19   8 

24 

14 

19 

20 

33 

San  Fernando 

87 

84 

75 

79 

75 

11 

23 

48  15 

63 

36 

59 

63 

69 

Toronto 

40 

34 

24 

241 

56 

3 

7 

16   6 

21 

14 

19 

15 

29 

Victoria,  B.C. 

40 

33 

23 

55 

246 

3 

9 

17   4 

25 

17 

19 

17 

28 

Cairo  . 

18 

12 

14 

15 

12 

45 

2 

14  '  2 

20 

18 

15 

12 

14 

Madras. 

22 

19 

15 

18 

19 

3 

115 

19 

4 

17 

9 

15 

0 

18 

Bombay 

90 

76 

62 

69 

71 

14 

36 

58 

14 

65 

45 

62 

23 

62 

Calcutta 

14 

13 

13 

14 

14 

2 

7 

9 

57 

18 

14 

14 

— 

18 

Batavia 

29 

24 

21 

26 

29 

4 

9 

14 

9 

237 

19 

18 

17 

21 

Mauritius  . 

46 

42 

39 

47 

53 

9 

13 

31 

13 

54 

81 

41 

14 

38 

Cape  Town  . 

53 

47 

45 

48 

50 

8 

17 

32  10 

47 

35 

98 

21 

45 

Cordova 

16 

16 

16 

16 

16 

7 

2 

7  ,  - 

23 

9 

12 

48 

5 

(Argentina) 

1 

! 

i 

From  what  has  been  said  it  is  clear  that  results  indicated  by  the 
above  table'  are,  when  we  have  at  our  disposal  materials  more  definite  in 
character,  open  to  modification. 

Numerous  records,  as  at  Shide  (210)  and  Kew  (220),  may  indicate 
that  in  the  examination  of  the  record -receiving  films,  in  certain  instances, 
minute  disturbances  have  been  wrongly  accept^  as  having  a  seismic  origin. 
The  high  number  of  records  accredited  to  Batavia  may  partly  be  accounted 
for  by  the  fact  that  at  that  place  there  are  many  local  shocks  the  effects 
of  which  have  not  been  appreciable  at  distant  stations.  That  the  per- 
centage of  the  Shide  records  noted  at  other  stations  is,  in  all  instances  but 
one,  greater  than  the  percentage  of  the  Kew  records  at  corresponding 
stations  (see  the  first  two  horizontal  lines  in  the  table)  indicates  that 
either  the  Kew  instrument  or  the  ground  on  which  it  rests  is  less  sensi- 
tive to  seismic  influences  than  the  instrument  or  the  ground  at  Shide. 
A  similar  conclusion  is  arrived  at  if  we  inspect  the  two  vertical  sets  of 
entries  beneath  the  names  of  these  two  stations. 

The  fewness  of  the  San  Fernando  and  Bombay  records,  and  the  large 
percentage  of  these  which  are  found  at  other  stations,  may  indicate  that 
at  these  stations  disturbing  influences  non-recognisable  as  seismic  but 
rarely  occur.  For  Cairo  and  Calcutta  not  only  are  the  records  few  in 
number,  but  the  percentages  of  these  common  to  other  stations  are  also 
low.  The  explanation  of  this  probably  rests  on  the  fact  that  these  two 
stations  are  installed  upon  alluvium.  At  San  Fernando  and  Bombay, 
where  the  installations  are  upon  hard  materials,  although  the  records  are 
not  numerous,  the  percentages  of  these  recognised  at  other  stations  are 
high.  If  this  is  correct  we  have  here  the  reverse  of  what  occurs  in  the 
case  of  earthquake  motion  that  can  be  felt,  the  motion  being  greatest 
upon  the  alluvium,  and  least  upon  the  harder  strata. 

The  low  percentages  corresponding  to  the  Cordova  records  may  be 
accounted  for  by  the  supposition  that  many  of  its  entries  refer  to  shocks 

"  See  footnote  to  p.  47. 
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which  do  not  reach  distant  stations.  Although  a  list  might  be  made  of 
earthquakes  recorded  at  the  European  stations  here  considered,  but  not 
at  the  thirteen  widely  separated  stations  indicated  in  the  above  table, 
an  inspection  of  this  table  shows  the  converse  to  be  equally  true,  there 
having  been  many  earthquakes  recorded  in  the  south  of  South  America, 
on  the  east  and  west  of  North  America,  in  South  Spain,  and  in  Great 
Britain  which  have  apparently  escaped  record  in  Central  Europe. 

In  connection  witii  this  subject  attention  may  be  drawn  to  the  list  of 
earthquakes  on  pp.  44-46.  As  this  list  has  been  drawn  up  with  great  care, 
it  may  be  taken  for  granted  that  all  entries  which  refer  to  approximately 
the  same  times  represent  seismic  disturbances.  The  larger  of  these  will 
have  been  recorded  at  distant  stations.  To  determine  whether  this  is 
true  for  the  smaller  records  observers  are  asked  to  make  a  close  inspection 
of  their  photographic  traces. 

Experiments  upon  Piers. — At  the  end  of  March  Professor  H.  H.  Turner, 
F.R.S.,  visited  Shide,  where,  in  conjunction  with  your  Secretary,  he 
measured  the  stiffness  of  various  piers  employed  to  carry  seismographs. 
To  make  a  measure  of  this  description  a  rope  was  tied  round  the  column 
to  be  tested  about  2  inches  from  its  top.  A  spring  balance  was  attached 
to  this,  and  a  pull  of  from  5  to  30  lb.  was  exerted,  with  the  result  that  the 
column  was  deflected.  These  deflections  were  measured  by  an  astro- 
nomical level  standing  on  the  column,  and  in  certain  instances  also  by 
the  deflection  of  the  boom  of  horizontal  pendulums.  The  stiflest  column 
tested  was  a  12-inch  earthenware  drain  pipe,  3  feet  in  length.  The  appa- 
rent deflection  was  0''-09  per  one-pound  pull.  A  brick  column  6  feet  in 
height,  and  in  cross-section  3  feet  by  1  foot  6  inches,  had  per  lb.  pull  a 
deflection  angle  in  directions  parallel  to  its  sides  of  0'''192  and  0'^'05,  the 
latter  referring  to  its  greatest  width. 

II.  On  Earthqibake  Records  obtained  cU  Stations  on  different  Geological 
Formations, — The  records  referred  to  in  this  note  were  obtained  at  Kew, 
Shide,  Bidston,  and  Edinburgh.  The  instruments  used  were  Milne 
horizontal  pendulums  with  photographic  recording  apparatus.  They  were 
similarly  installed,  and,  so  far  as  it  has  been  practical,  were  kept  with 
similar  adjustments.  The  geological  formations  at  these  four  stations  may 
be  briefly  described  as  follows  : — 

Kew. — Thick  alluvial  deposits  of  the  Thames  Valley,  which  in  their 
upper  parts  at  least  are  saturated  with  water. 

Shide. — Here  the  pier  carrying  the  instrument  rests  upon  the  dis- 
integrated outcrop  of  beds  of  chalk  which  form  the  east  and  west  backbone 
of  the  Isle  of  Wight.  These  beds  plunge  at  a  steep  angle,  to  rise  again  as 
a  series  of  chalk  downs  to  the  north  of  the  Solent  beyond  Portsmouth. 

jBidston.— The  Observatory  at  Bidston  is  situated  on  New  Red  sand- 
stone. 

HdinburgL—BlAckiord  Hill,  on  which  the  Royal  Observatory  is 
situated,  is  a  great  sheet  of  *  f elstone '  or  porphyrite  of  Palaeozoic  age. 

The  records  obtained  from  these  stations  are  as  follows  : — 
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Barthquake  Freqitency, — As  it  is  possible  that  an  entry  which  only 
refers  to  one  station  and  does  not  appear  to  have  been  noticed  in  Europe 
may  not  have  had  a  seismic  origin,  in  the  summation  of  the  above  lists 
such  entries  have  been  omitted.  Adopting  this  precaution,  the  number 
of  earthquake  records  obtained  at  the  different  stations  are  as  follows  : — 

Bidston,  33  or  36  -,  Shide,  31  or  33  ;  Kew,  26  ;  Edinburgh,  21.  > 

Harthquctke  Duration, — In  summing  up  the  total  number  of  minutes 
daring  which  the  pendulums  have  been  moved,  only  the  fourteen  earth- 
quakes are  considered  which  were  recorded  or  might  have  been  recorded 
at  the  four  stations.  The  results  in  minutes  are  as  follows  : — Bidston,  919  ; 
Shide,  887  ;  Edinburgh,  825 ;  Kew,  761. 

Accurcbcy  in  the  Observation  of  Times  of  Commencements. — The  greatest 
possible  difference  in  time  we  should  consider  likely  to  exist  between  the 
,  commencement  of  movement  for  a  given  earthquake  at  two  stations  would 
be  for  disturbances  travelling  in  a  northerly  or  southerly  direction  between 
Shide  or  Kew  and  Edinburgh,  and  this  could  not  be  expected  to  exceed 
five  minutes.  Between  Shide  and  Kew  there  might  be  a  difference  of 
one  minute,  whilst  between  Bidston  and  the  remaining  stations  the 
differences  should  not  exceed  two  and  a  half  minutes.  In  the  columns 
relating  to  these  differences  the  zero  indicates  the  station  at  which  motion 
was  first  recorded.  The  minutes  which  elapsed  before  the  same  dis- 
turbance was  noted  at  the  remaining  stations  are  indicated  by  numerals 
to  the  right  or  left  of  the  zero. 

A  minus  sign  following  one  of  these  numerals  indicates  that  the  time 
interval  exceeds  the  expected  interval,  whilst  a  plus  sign  indicates  that 
the  numeral  is  a  possible  quantity.  For  the  second  entry  the  four  minus 
signs  indicate  that  there  are  not  even  two  entries  which  are  comparable. 
In  the  third  entry  for  February  15,  Edinburgh  and  Bidston,  like 
Edinburgh  and  Kew,  are  possible  figures,  and  therefore  these  three 
stations  are  credited  with  a  plus. 
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>  74  per  cent,  of  the  Shide  records  are  coimnon  to  Kew,  and  88  per  cent,  of  the 
Kew  records  are  common  to  Shide.    See  pp.  i2;  id. 
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Proceeding  in  this  manner,  we  find  that  out  of  the  eleven  earthquakes 
considered,  the  number  of  commencements  which  may  approximate  to 
correctness  are  as  follows  : — ^Kew,  8  ;  Edinburgh,  8  ;  Shide,  6  ;  Bidston,  4. 

In  considering  these  results  it  must  be  remembered  that  the  earth- 
quakes considered  are  for  the  most  part  sma]l,  and  the  diflBculty  of  accu- 
rately analysing  a  small  seismogram  is  greater  than  when  analysing  one 
that  is  large. 

AmplUvdes. — For  seven  earthquakes  the  sum  of  the  amplitudes  of 
motion  reckoned  in  millimetres  at  the  four  stations  are  as  follows  : — 
Shide,  17-3;  Bidston,  U-7 ;  Edinburgh,  12-8;  Kew,  12-1.  Assuming 
that  these  displacements  represent  tiltings,  which  is  improbable,  the 
results  are  as  follows  :— Kew,  9"-8 ;  Shide,  8"-0  ;  Edinburgh,  5"-7  ; 
Bidston,  5"-l. 

The  following  four  figures  are  sketches  made  from  seismograms 
obtained  on  the  specified  dates  at  Kew,  Shide,  Bidston,  and  Edinburgh. 
The  figures  following  the  letter  S  indicate  the  number  of  millimetres 
equivalent  to  one  hour  : — 


Fig.  1.    Jannary  18, 1901. 
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Ffo.  2.    March  6, 1901. 
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Fig.  3.    March  16, 1901. 
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III.  On  the  Records  from  two  similar  Seismographs  at  Kew. 
From  the  National  Physical  laboratory.     By  Chablbs  Chrbb. 

A  Milne  seismograph,  No.  31,  intended  for  Coimbra,  was  set  up  for 
examination  at  the  National  Physical  Laboratory  on  October  30,  1900, 
its  pendulum  being  at  the  same  level  and  having  the  same  orientation  as 
that  of  the  seismograph  No.  9  belonging  to  the  Laboratory.  The  points 
of  suspension  of  the  two  pendulums  were  about  11  feet  apart.  At  first 
the  supports  of  No.  31  rested  simply  on  the  stone  floor,  while  those  of 
No.  9  passed  through  the  floor  down  to  a  cement  bed.  After  a  month's 
trial,  however,  the  seismographs  were  interchanged,  with  a  view  to  elimi- 
nating the  difference,  if  any,  between  the  supports.  The  instruments 
were  adjusted  to  nearly  the  same  sensitiveness  (assuming;  identity  of  gauge) ; 
they  had  very  approximately  the  same  period  and  the  same  rate  of 
subsidence  of  artificially  produced  vibrations. 

Seven  considerable  earth  tremors  were  recorded  by  both  instruments. 
Tn  the  four  largest  the  times  of  commencement  of  the  'preliminary 
tremors'  shown  by  the  two  traces  were  in  excellent  agreement,  no  differ- 
ence exceeding  0*2  minute.  In  the  other  three  cases  the  apparent  times 
differed  by  from  1*7  to  4*6  minutes,  the  difference  being  greatest  for  the 
smallest  tremors.  The  times  of  commencement  of  the  large  movements 
agreed  better  than  those  of  the  preliminary  tremors. 

As  will  be  seen  by  a  comparison  of  figs.  5  and  6,  there  were  conspicuous 
differences  in  details  in  the  records  from  the  two  instruments.  This, 
presumably,  is  mainly  due  to  the  supports.  The  instrument  standing  on  the 
floor  had,  as  a  rule,  a  lessened  amplitude  of  vibration,  the  reduction  ave- 
raging some  30  per  cent.     There  were,  however,  not  infrequent  exceptions 

Fig.  5.    December  25, 1900. 
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to  the  general  rule.  After  allowing  for  the  supports,  a  small  difference  still 
remained  between  the  instruments,  the  mean  apparent  amplitude  of  dis- 
turbed movements  being  some  10  per  cent,  greater  for  No.  31  than  for  No.  9. 
During  the  comparison  the  observer,  Mr.  Constable,  noticed  that  on 
certain  days  of  high  wind  the  trace  from  the  seismograph  standing  on  the 
floor  showed  numerous  small  movements,  many  possessing  distinct 
asymmetry.  Further  investigation  showed  that  these  undoubtedly  arose 
from  vibrations  set  up  in  the  building  by  the  gusts  of  wind.  Minuter 
examination  showed  that  the  phenomenon  also  occurred,  though  to  a 
much  smaller  extent,  in  the  traces  from  the  seismograph  on  the  cement 
bed.  Wind  is  thus  clearly  a  cause  of  not  infrequent  tiny  movements, 
whose  source  had  hitherto  escaped  detection. 


IV.  Movements  of  Horizontal  Pendulums  in  relation  to  Barometric  Pressure. 

For  many  years  it  has  been  recognised  that  there  is  a  relationship 
between  the  movements  of  horizontal  pendulums  and  fluctuations  in 
barometric  pressure.^ 

An  important  and  apparently  practical  addition  to  our  knowledge  on 
this  subject  has  recently  been  made  by  Mr.  F.  Napier  Denison,  of 
Victoria,  B.C.,  in  a  contribution  to  the  Royal  Meteorological  Society, 
entitled  'The  Seismograph  as  a  Sensitive  Barometer.'  The  instrument 
referred  to  is  the  one  adopted  by  the  British  Association.  Briefly  stated, 
Mr.  Denison's  conclusion  is  that  the  pendulum  swings  towards  the  area 
of  greatest  barometric  pressure.  For  example,  it  has  been  found  that 
when  a  storm  area  is  approaching  from  the  westward  the  boom  of  the 
pendulum  moves  steadily  to  the  eastward,  and  this  often  occurs  eighteen 
to  twenty-four  hours  before  the  local  barometer  begins  to  falL  On  the 
contrary,  should  there  be  an  important  high  area  to  the  West,  the 
pendulum  will  swing  in  that  direction  before  it  is  possible  to  ascertain 
the  position  of  such  an  area  on  the  current  weather  charts. 

As  partial  confirmation  of  Mr.  Denison's  observation,  it  may  be  men- 
tioned that  a  gradual  but  decided  movement  of  the  Shide  pendulum 
towards  the  West  precedes  stormy  weather,  whilst  in  the  Report  for  1895 
referred  to  above  there  are  tables  showing  a  close  relationship  between 
displacements  of  pendulums  in  Tokio  and  the  barometric  gradients  at  that 
place. 


V.  An  Attempt  to  Detect  and  Measure  any  Relative  Movement  of  the 
Upway^  that  may  now  he  taking  place  at  the  Ridgeuxxy  Faulty  near 
Strata  Dorsetshire,    Second  Report  by  Horace  Darwin,  June  1901. 

Many  of  the  early  readings  have  been  found  to  be  of  no  value,  because 
water  had  got  into  the  vessek  containing  the  oil  and  had  blocked  its  free 
passage  through  the  pipe  ;  this  difficulty  has,  we  hope,  been  overcome  by 
making  the  covers  of  the  vessels  more  completely  watertight. 

*  See  Reports  on  'Earthquake  and  YolcaDic  Pbenomeca**  issaed  by  the  British 
Association  in  1888, 1885, 1887, 1888, 1892, 1893, 1895, 1896. 

For  a  theoretical  disonssfon  of  this  subject  see  '  Applications  of  Physios  and 
Mathematics  to  Seismology,'  by  Dr.  0.  Chree,  PkiL  Uag.,  March  1897,  p.  185. 
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No  slip  of  the  Fault  has  been  detected  at  present ;  but  we  should 
hardly  expect  a  definite  result  during  the  short  time  in  which  the  appa- 
ratus has  been  in  working  order. 

The  results  obtained  so  far  have  been  of  use  in  pointing  out  the 
difficulties  to  be  overcome  and  the  various  defects  of  the  instrument. 
The  movement  of  the  ground  caused  by  slight  earthquakes  and  earth- 
tilts  is  one  of  these  difficulties,  and  our  experiment  on  April  24  brought 
this  to  light  in  a  very  striking  manner.  The  instrument  was  placed  at 
the  station  SS.  at  the  south  end  of  the  pipe,^  and  readings  were  taken 
every  few  minutes  from  1  to  3  p.m.  These  readings  give  the  relative 
movement  of  a  fixed  point  in  the  strata  and  the  surface  of  the  oil.  The 
movement  was  most  irregular,  and  during  that  time  the  maximum 
displacement  was  about  0*3  mm.  This  can  only  mean  that  a  line  passing 
through  fixed  points  in  the  rock  was  constantly  changing  its  angle  with 
the  horizon  ;  and  that  the  oil  was  always  flowing  backwards  and  for- 
wards in  its  attempt  to  remain  level.  At  about  1.40  p.m.  the  value  of 
the  readings  reached  a  minimum,  and  then  began  to  increase,  showing 
that  the  angular  movement  of  the  strata  changed  its  direction  at  this 
time.  If  we  assume  that  the  oil  was  level  when  the  two  readings  were 
taken  which  differed  by  about  0*3  mm.,  it  shows  that  the  rock  tilted  through 
an  angle  of  about  six  and  a  half  seconds. 

No  doubt  there  was  an  exceptioually  large  movement  due  to  slight 
earthquakes  and  earth-tilts  during  the  time  that  these  observations  were 
being  taken,  as  Mr.  J.  Milne  tells  me  that  his  large  pendulum  at  Shide. 
Isle  of  Wight,  was  swinging  regularly,  and  that  this  is  supposed  to  be 
due  to  earth  pulsations. 

A  telegram  from  Rome  appeared  in  the  daily  papers  reporting  a  slight 
earthquake  on  April  24  at  3.30  p.m.  at  Lisbon,  and  a  severe  shock  at 
4.30  p.m.  in  Algarve,  near  Lisbon.  (4.30  p.m.  at  Lisbon  is  5.7  Greenwich 
time.) 

A  note  appeared  in  '  Nature 'of  July  18, 1901,  saying  that  an  account 
of  the  learthquake  of  April  24  in  the  neighbourhood  of  Palombara  Sabina 
is  given  by  Dr.  Luigi  Palazzo  in  the  *  Atti  dei  Lincei,'  x.  9.  He  thinks  it 
probable  that  the  epicentre  was  at  a  sulphur  spring  about  a  kilometre 
distant  from  Cretone,  and  that  the  origin  of  the  shock  was  in  the  strata 
from  which  the  spring  arises,  at  a  comparatively  small  depth.  Consider- 
able damage  was  done  at  Cretone.  The  shock  was  registered  at  the 
Central  Meteorological  Office  at  about  15h.  20m.  25s.  Italian  time  :  this  is 
2h.  20m.  25s.  p.m.  Greenwich  time. 

Mr.  Rollo  Russell  noticed  an  unusual  agitation  of  the  sea  at 
Bournemouth  on  April  24  at  7.50  a.m.,  and  between  12  and  1  p.m.  There 
was  also  an  exceptionally  large  wave  soon  after  3  o'clock.^ 

Mr.  C.  Davison  ^  thinks  Uiat  the  disturbances  may  have  been  due  to 
the  firing  of  heavy  guns.  The  disturbances  were  noticed  in  South  Devon 
and  Guernsey  as  well  as  at  Bournemouth. 

The  movement  of  the  earth  on  April  24  was  no  doubt  exceptionally 
large,  but  observations  at  other  times  lead  me  to  think  that  such  move- 
ments, due  to  slight  earthquakes  and  earth  tilts,  take  place  very  frequently, 

*  A  lead  pipe  connects  four  vessels  which  contain  oil ;  they  are  in  a  straight  line 
at  right  angles  to  the  Fault ;  two  of  them  are  on  each  side  of  it  at  four  and  a  half 
and  nine  metres  from  it. 

«  See  Nature,  Msj  2, 190L  »  Nature,  June  G,  1901. 
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and  these  are  soffioiently  large  to  make  the  last  two  figures  in  the  delicate 
micrometer  measurements  almost  useless. 

I  hope  to  reduce  this  motion  of  the  oil  by  making  the  holes  through 
which  it  enters  and  leaves  the  vessels  sufficiently  small  to  damp  the  oscil- 
latory movement  without  preventing  the  oil  finding  its  own  level. 

A  similar  instrument  fixed  to  the  rook  at  a  place  where  there  is  no 
Fault  would  give  a  delicate  and  accurate  method  of  measuring  these  slow 
earth-tilts.  

Tables  of  Certain  MathematicaJ,  Functions. — Bepo^i  of  tJte  CormrUttesj 
consisting  of  Lord  Kelvin  (Ohairman)^  Lieutenant-Colonel 
Allan  Cunningham,  R.E.  (Secretary),  Dr.  J.  W.  L.  Glaisher, 
Professor  A.  G.  GnEENfflLL,  Professor  W.  M.  Hicks,  Professor  A. 
Lodge,  and  Major  P.  A.  MacMahon,  iZ.-4.,  appointed  for  calculating 
Tables  of  Certain  Mathematical  FunctionSy  and^  if  necessary,  fgr 
taking  steps  to  carry  oiU  tits  calculations^  and  to  pMish  the  results  in 
a/n  accessible  form. 

The  printing  of  the  '  Binary  Canon '  was  finished  at  end  of  last  year. 
The  work,  as  printed  off,  has  been  read  again  with  the  MS. ;  a  list  of  the 
few  misprints  discovered  has  been  issued  with  the  volume.  The  edition 
is  250  copies,  of  which  100  have  been  bound.  Arrangements  have  been 
made  with  Messrs.  Taylor  k  Francis,  of  Red  Lion  Court,  Fleet  Street,  for 
publication  on  the  usual  terms  :  the  sale  price  will  be  15«.  About  thirty- 
six  presentation  copies  have  been  given  away  to  various  public  bodies,  to 
reviewers,  and  to  those  concerned  in  the  work  itself.  The  whole  of  the 
fi^nts  received  (75Z.  from  the  British  Association  and  60/.  from  the 
Royal  Society  of  London),  total  135Z.,  has  been  expended. 

The  Committee  wish  now  to  recommend  that  a  large  set  of  new  tables 
of  Quadratic  Partitions,  prepared  by  Colonel  A.  Cunningham  (for  the 
checking  of  which  a  grant  of  SOL  has  already  been  made  by  the  Royal 
Society  of  London),  should  be  published  by  the  British  Association,  and 
hereby  apply  for  a  grant  of  80Z.  for  the  same. 

Meteorological  Observations  on  Ben  Nevis. — Report  if  the  Committee, 
consisting  of  Lord  M'Laren,  Professor  A.  Crum  Brown  (Secretary), 
Sir  John  Murray,  Professor  R.  Copeland,  amd  Dr.  Alexander 
BucHAN.    (Dravm  up  by  Dr.  Bdchan.) 

The  Committee  are  appointed  for  the  purpose  of  co-operating  with  the 
Scottish  Meteorological  Society  in  making  meteorological  observations  at 
the  two  Ben  Nevis  Observatories. 

The  hourly  eye  observations,  made  by  night  as  well  as  by  day,  have 
been  regularly  made  by  Mr.  Angus  Rankin,  the  superintendent  and  his 
assistants. 

The  health  of  the  observers  has  continued  good  since  last  report^  with 
the  exception  of  Mr.  Rankin,  who  has  not  yet  quite  recovered  from  the 
two  severe  attacks  of  influenza  he  has  had.  The  directors  desire  to  ex- 
press their  cordial  thanks  to  Messrs.  W.  Gentle,  R.  C.  Marshall,  and 
T.  Affleck  for  the  invaluable  services  they  rendered  last  summer  as  volun- 
teer observers,  thus  rendering  it  possible  to  give  the  members  of  the  staff 
the  rest  they  need  from  their  arduous  work. 
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The  prinoipal  reralte  of  the  obeenrationi  made  at  the  two  obterva- 
tories  during  1900  are  detailed  in  Table  L 

Table  I. 


1900 

1  Jan. 

Feb.  |lCaroh{  April  |  May  |  Jane  |  Joly  |  Ang.   Sept 

Oct.  1  Not.  Deo.  |  Year 

Mean  Pnntvre  in  Inehss, 

BenKertoOb- 

utmiaty 
Port  William 

OiffBf6]kO€S 

ss-ieo 

24*918 

25-417 

26-268 

26-849 

26*886 

26-460 

20*460 

26-476 

26-247 

26*128 

25-041 

25*275 

S9-7ei 

4-60i 

29*64< 
4"62T 

80H)87 
4-670 

2>848 
4-676 

29-907 
4-668 

29*869 

4-478 

29-926 

4-476 

29*948 
4-488 

80*004 
4-629 

29-816 
4-569 

29*686 
4-662 

29*592 

4-661 

29*881 
4*556 

Mean  Temjperatures, 

BenNeTlsOb. 

MTTAtory 
FortWilUftm 
Diflorenoes  . 

S^-8 

»<!> 

2-4 

tS, 

8#6 

4f*8 

4#8 

d% 

8^ 

8(?4 

2^8 

2^4 

n% 

40-1 
U-8 

88-8 
14-4 

•9 
•5 

44-9 
M-9 

49*4 

16-9 

66-6 

14*8 

67-4 
16-1 

66-4 
16-6 

68*4 

18-7 

46*8 
16-4 

42*4 

18*6 

48-4 
16*0 

46*8 
16*2 

BoDtremei  of  Tefnperature,  Mawima. 

1 

B«nNe7itOb- 

S6-8 

8W 

87-0 

46-8 

47*0 

66-2 

64-0 

61*0 

69-4 

44*0 

41*6 

40O 

61-0 

aerratcnry 
Vent  Wimam 
Diilenooes  . 

63-4 
16*6 

49-S 
17-9 

62-0 
16-0 

67-6 
22-8 

68-6 
216 

79K) 
28-8 

71-8 
17-8 

761 
16-1 

70*0 
10-6 

68-9 
19*9 

68H) 
16-6 

681 
181 

79*0 
28*8 

1 

B«nN«TiflOb- 

tervfttoiT 
Fort  William 
Differenoes 

W-0 

6-0 

9-8 

16-2 

19-8 

82-8 

80*8 

28-7 

24-8 

19*4 

18-6 

18-5 

61) 

99-4 

14-4 

lOH) 
4-0 

28-0 
18-7 

80-2 

14-0 

847 
14-9 

41-7 
8-9 

87-8 
7-6 

41-0 
12-8 

84-0 
9-2 

27-6 
8-2 

28-1 
9-6 

28-9 

10-4 

10*0 
4-0 

Bainfall,  in  Inches, 

BeoNerlBOb- 

•enratory 
Fort  WUliam 
Differenoen    . 

8«-88 

7-75 

8-26 
4*49 

8-84 

0-64 
8-20 

20-22 

6-87 
14-86 

14-76 

6-04 
8-72 

6*97 

4*40 
2*67 

18*12 

4-61 
8-61 

11-86 

6-06 
6-79 

16-96 

7-40 
9-66 

20-98 

8'80 
12-18 

10*28 

4-87 
6-81 

48*U 

20-85 
27-49 

210-84 

82*19 
12816 

Number  of  Dofs  lin.  or  more  fell. 

BenKeTisOb- 

•ervatorv 
Port  William 
DilteraioM  . 

18 

8 

11 

2 

0 
2 

1 

0 
1 

9 

2 

6 

2 
8 

0 

0 
0 

1 

0 

1 

6 

2 

8 

6 

2 

4 

7 

1 
6 

2 

0 
2 

18 

6 
12 

69 

16 
54 

Number  of  Days  0-01  in,  or  more  fell. 

1 

BenNevitOb- 

•erratory 
Port  WilUam 
Differences  . 

30 

20 

16 

21 

20 

21 

28 

18 

28 

26 

24 

80 

276 

28 
2 

17 
8 

10 
6 

22 
+1 

18 
2 

17 

4 

24 

4 

16 
2 

'\ 

24 

2 

*J 

81 
+1 

246 
SO 

Mean  Bainband  (scale  0-8). 

BenKeyisOb- 

■ervatorj 
Port  William 
Dilferencea   . 

8-7 

M 
8-0 

1-6 
27 

8-1 

—    j    8-1        2-9 
8-6        40       4-8 

8-2 
4-1 

2-6 
4-0 

—        1-6 
8-8       8-6 

1-9 
4-0 

8-7 

Number  of  Bows  of  Bright  Sunshine, 

BenKeTiflOb- 

aenratory 
Port  WUliam 
Differenoes   . 

4 

16 
11 

84 

82 
18 

108 

119 
16 

80 

121 

41 

98 

146 

47 

189 

182 
48 

48 

97 

49    1 

92 

139 
47 

75 

86 
11 

24 

69 
86 

17 

24 
7 

4 

1 
+3 

718 

1,040 
322 

Mean  Hourly  Velocity  of  Wind,  in  MiUs, 

BenKeTlsOb- 
eerratory 

,8, 

19    1      9        10        14        11    1    11        11    1     12 
Percentage  of  Cloud, 

6         12    1    16         12 

BenKeyisOb. 

servatory 
PortWlUiwn 
Differenoes  . 

96 

84 
12 

80 

72 
8 

70 

64 
6 

70 

68 
2 

82 

76 

7 

79 

72 

7 

98 

88 
6 

84 

72 
12 

78 

70 
8 

90 

68 
27 

89 

66 
28 

97 

86 
11 

84 

78 
11 

This  table  shows  for  1900  the  mean  monthly  and  extreme  temperature 
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and  pressure ;  the  amounts  of  rain&ll,  the  number  of  days  of  rain&ll,  and 
days  on  which  it  equalled  or  exceeded  one  inch ;  the  hours  oi  sunshine  ; 
the  mean  percentage  of  cloud ;  the  mean  rainband  ;  and  the  mean  velocity 
in  miles  per  hour  of  the  wind  at  the  top  of  the  mountain.  The  mean 
barometric  pressures  at  Fort  William  are  reduced  to  32^  and  sea  level,  but 
those  at  Ben  Nevis  Observatory  to  32^  only. 

At  Fort  William  the  mean  atmospheric  pressure  was  29*831  inches^ 
or  0*026  inch  under  the  average.  The  mean  at  the  top  was  25*275  inches^ 
or  0*031  under  the  average.  The  mean  difference  for  the  two  observa- 
tories was  4*556  inches.  At  the  top  the  absolutely  highest  pressure  for 
the  year  was  25*974  inches  in  Murch,  this  being  the  highest  hitherto 
recorded  in  March,  and  the  lowest  23*972  inches  in  December ;  and  at 
Fort  William  the  highest  was  30*687  inches,  and  the  lowest  28*411  inches 
in  the  same  monthsi  the  differences  being  respectively  2002  inches  and 
2-276  inches. 

The  deviations  of  the  mean  temperatures  of  the  months  from  their 
respective  averages  are  shown  in  Table  II.  : — 


Tablb  II. 

Fort        Top  of 

F<Mrt 
William. 

Top  of 
Ben  Nevis. 

January  . 
February . 
March      . 

^f    : 

June 

.   +10 
.  -60 
.  -20 
•       .  -0-2 
.   -0-7 
.   +12 

+  0-3 
-60 
-1-2 
+  1-0 
-0-5 
+  2-6 

July. 

August 

September 

October   . 

November 

December 

.+(?7 
0-0 
.   +0-4 
.  -0-8 
.  -0-4 
.   +3-8 

+  1^ 
+  0-4 
+  1-8 
-1-2 
OK) 
+  8  2 

February  was  the  coldest  month,  the  temperature  at  both  observa- 
tories being  5^*0  under  the  average.  In  this  month  south  westerly  winds 
were  six  days  short  of  their  average  prevalence,  and  northerly  winds  four 
days  in  excess.  Hence  the  unusually  low  temperature  which  was  equally 
felt  both  at  the  foot  and  top  of  Ben  Nevis.  On  the  other  hand,  temper- 
ature was  above  the  average  in  the  four  months  from  June  to  September, 
the  excess  P'6  at  the  top  of  Ben  Nevis,  but  only  0''-6  at  Fort  William, 
the  difference  being  due  to  the  frequent  occurrence  of  the  anticyclonic 
type  of  weather  during  the  summer  of  1900.  The  absolutely  highest 
temperature  for  the  year  at  Fort  William  was  79^*0  on  June  13,  and  ai 
the  top  6P0  on  August  13  ;  and  the  lowest  at  Fort  William  lO^'-O  on 
February  10  and  12,  and  at  the  top  6***0  on  February  7. 

In  Table  III.  are  given  for  each  month  the  lowest  observed  hygro- 
metric  readings  at  the  top  of  Ben  Nevis  : — 


Table  III. 


1900 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Dry  Bulb 

31-0 

ih 

2S-5 

2l-2 

3S-8 

68-6 

4J^8 

Wet  Bulb       . 

20-1 

9^2 

19-7 

26-1 

80-2 

40-2 

3»^9 

Dew-point 

-3-0 

-19-7 

-12-9 

10^8 

20-8 

29^9 

39^4 

Elastic  Forco . 

•088 

•018 

•028 

•070 

•112 

•166 

•162 

RdatiTe  Hnmidity 
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Of  these  relative  humidities  the  lowest,  16,  occurred  on  March  4  with 
a  dew-point  of  — 12**-9.  The  lowest  dew- point,  —  lO***?,  occurred  on 
February  11,  the  dry  bulb  being  12**-9  and  the  wet  bulb  9°-2.  A  marked 
feature  of  the  table  is  the  singularly  high  minimum  humidities  in  April, 
May,  June,  July,  and  December. 

The  rainfall  for  the  year  at  the  top  was  210*34  inches,  being 
52*61  inches,  or  33  per  cent.,  above  the  average.  This  large  rainfall  has 
been  exceeded  only  by  that  of  1898,  which  amounted  to  240*05  inches. 
The  December  amount,  48*34  inches,  is  the  largest  monthly  fall  yet 
recorded  at  the  Ben  Nevis  Observatory.  The  following  are  the  four 
wettest  months  of  the- year  : — 

Inches 

December 48*34 

Januaiy 3532 

October 2093 

April 20-22 

Total  .  124*81  in  four  months. 

Taking  Scotland  as  a  whole,  the  year  1900  was  one  of  the  wettest  yet 
recorded,  and  has  been  only  exceeded  bjr  the  rainfall  of  1872.  Excep- 
tionally heavy  daily  rainfalls  were  of  frequent  occurrence,  the  two 
heaviest  being  681  inches  on  January  22,  and  5*41  inches  on  December  8. 
At  Fort  William  the  annual  rainfall  was  82*19  inches,  being  5*28  inches, 
or  7  per  cent.,  above  the  average.  The  largest  monthly  amount  was 
20*85  inches  in  December,  accompanying  the  extraordinary  prevalence  of 
south-westerly  winds  during  the  month. 

At  the  top  of  Ben  Nevis  the  number  of  rainy  days  was  276,  and  at 
Fort  William  246.  At  the  top  the  maximum  monthly  was  30  days  in 
January  and  December,  and  at  Fort  William  31  days  in  December  and 

28  days  in  January.  In  March  there  were  only  15  rainy  da>s  at  the  top 
and  10  days  at  Fort  William.  During  the  year  the  number  of  days  on 
which  1  inch  of  rain  or  more  fell  at  the  top  was  69,  whereas  at  Fort 
William  the  number  of  days  was  only  15. 

The  sunshine  recorder  on  Ben  Nevis  showed  718  hours  out  of  a 
possible  of  4,470  hours,  or  16  per  cent,  of  the  possible  sunshine.  The 
average  of  the  past  17  years  being  747  hours,  the  sunshine  of  1900  was 

29  hours  under  the  average.  The  two  maximum  months  are  June,  139 
hours,  and  March,  103  hours,  and  the  two  minimum  months  January  and 
December,  with  4  hours  each.  At.  Fort  William  the  number  of  hours 
was  1,040.  This  is  lower  than  any  recorded  since  these  observations 
b^;an  to  be  made,  except  in  1896,  when  the  number  was  1,036  hours. 
The  maximum,  182,  was  recorded  in  June,  and  the  minimum,  1  hour 
only,  in  December.  This  is  the  lowest  minimum  yet  recorded,  but  the 
same  low  minimum,  1  hour,  was  also  recorded  at  the  top  for  December 
1883.  In  the  three  summer  months,  June,  July,  and  August,  of  1899 
the  hours  of  sunshine  at  the  top  were  425,  and  at  Fort  William  488  ;  but 
in  the  same  months  of  1900  these  were  respectively  only  279  and  418. 

At  the  Ben  Nevis  Observatory  the  mean  percentage  of  cloud  was  84, 
and  at  Fort  William  73,  both  being  very  nearly  the  average.  At  the  top 
the  high  mean  percentages  of  97  in  December  and  96  in  January  were 
observed  ;  and  at  Fort  William  88  per  cent  in  July  and  86  in  December. 

Auroras  were  observed  only  once,  viz.,  March  2.  This  is  in  accord- 
ance with  the  number  of  sunspots  being  near  the  minimum  at  this  time. 
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St.  Elmo's  Fire  was  aeen  on  January  19,  20  ;  February  18  ;  June  30  ; 
and  July  24. 

Zodiacal  Light : — Not  observed  during  the  year. 

Thunder  and  Lightning  :— June  11,  12,  13,  20,  21. 

Lightning  only  : — December  13. 

Solar  Halos  :— March  23  ;  April  1  ;  June  21  ;  September  26. 

Lunar  Halos  .'—February  7,  9  ;  March  17,  18,  19  ;  July  13 ;  October 
3,  30  ;  November  8  ;  December  3,  4. 

During  the  past  year  much  of  Dr.  Buchan's  time  has  been  occupied  in 
a  larger  investigation  than  has  hitherto  been  attempted  of  the  fogs  and 
of  the  storms  of  winds  round  the  Scottish  coasts.  These  two  distinct 
inquiries  are  based  on  the  observations  made  at  the  sixty-five  Scottish 
lighthouses  night  and  day  down  to  December  1900. 

As  regards  the  fogs,  the  results  show  the  mean  monthly  and  annual 
number  which  have  occurred  at  each  of  the  sixty-five  lighthouses  from 
1880  to  1900,  the  number  of  hours  fog  has  prevailed  during  these 
twenty  years,  and  the  mean  number  of  hours  the  fog  on  its  occurrence 
lasts  at  each  place.  As  regards  storms  of  wind,  similar  results  have  been 
worked  out  for  the  twenty  years  ending  1900. 

Now  as  regards  weather  forecasting,  fogs  are  among  the  more  pro- 
minent of  the  phenomena  attending  on  the  anticyclone  ;  and  storms  of 
wind,  rain,  and  snow  are  the  most  prominent  features  of  the  weather 
phenomena  attending  the  cyclone.  Diagrams  giving  these  results  show 
that,  as  regards  storms,  the  number  which  occur  in  each  month  strictly 
follow  the  sun,  the  maximum  number  being  in  December  and  the 
minimum  in  June.  This  is  the  relation  observed  for  the  storms  occurring 
in  Scotland  taken  as  a  whole. 

On  the  other  hand  fogs  also  follow  the  sun  in  the  number  of  the 
monthly  occurrences,  but  in  a  reverse  order,  the  maximum  number 
occurring  in  June  and  the  minimum  in  December.  It  is  to  be  observed 
that  the  maximum  period  includes  the  two  months  June  and  July,  and 
the  minimum  the  three  months  November,  December,  and  January. 

These  elaborate  papers  on  storms  and  fogs  are  merely  introductory  to 
the  wider  discussion  of  weather  phenomena  which  has  been  undertaken 
touching  the  relations  of  the  Ben  Nevis  observations  to  storms  of  winds, 
widespread  clouded  skies,  severe  storms  of  rain  and  snow,  and  fogs  to 
the  changing  positions  day  by  day  of  the  cyclones  and  anticyclones  of 
North-western  Europe.  This  research  involves  an  analysis  of  the  daily 
weather  maps  for  Scotland,  showing  for  each  day  from  July  17,  1890,  to 
this  date  the  geographical  distribution  of  storms  of  wind,  the  rainfall, 
thunderstorm,  aurora,  and  other  weather  phenomena  appended  as  sup- 
plements to  the  bi- daily  weather  maps  issued  by  the  Meteorological 
Council.  It  will  be  at  once  evident  that  this  research  necessitates  heavy 
labour,  stretching  over  a  long  period — from  two  to  three  years  at  least. 

Mr.  Omond's  time  during  the  past  year  has  been  largely  directed  to 
the  utilisation  of  the  observations  made  at  the  High  Level  observatories 
of  Europe  viewed  in  connection  with  the  Ben  Nevis  observations  and 
their  bearings  on  weather  changes.  In  connection  with  this  work  the 
observations  at  the  following  High  Level  observatories  are  being  utilised : 

In  France — Barcelonette,  3,714  feet ;  Servance,  3,990  feet ;  Gavamie, 
4,452  feet;  Puy-de-D6me,  4,813  feet;  Aigoual,  5,099  feet;  Mont 
Ventoux,  6,234  feet ;  and  Pic  de  Midi,  9,380  feet  In  Qermany— 
Brocken,    3,766  feet ;    and    Schneekoppe,    5,259  feet.      In  Atvstria — 
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Semmering,  3,297  feet ;  Crkrioe,  3,599  feet ;  St.  Anton,  4,285  feet ; 
Marienberg,  4,341  feet ;  Scbneeberg,  4,810  feet ;  Sohafberg,  5,827  feet ; 
Rathhaosberg,  6,283  feet ;  Schnitteidioe,  6,349  feet ;  Obirgipfel,  6,706  feet ; 
and  Sonnbliok,  10,154  feet.  In  /^y— Monte  Cave,  3,166  feet;  and 
MonteTersine,  4,518  feet.  In  Stoitzerland — Obaumont^  3,701  feet ;  Rigi 
Kulm,  5,873  feet ;  Sftntis,  8,094  feet ;  md  Great  St.  Bernard,  8,130  feet. 
In  ii;^erta~Teniet-el-Haal,  3,738  feet ;  and  Aflou,  4,679  feet. 

Along  with  these  twenty- seven  stations  several  Low  Level  stations 
are  utilised  in  determining  the  vertical  gradients  of  pressure,  tempera- 
tare,  and  moisture.  Particular  attention  is  given  to  the  different  direc- 
tions of  the  winds  at  different  heights,  differences  which  so  often  point 
clearly  to  very  different  distributions  of  barometric  pressure  at  the  higher 
levels  of  the  atmosphere  than  what  prevails  at  sea-levels  at  the  same 
time.  It  is  just  these  different  distributions  of  pressure  in  the  higher 
layers  of  the  atmosphere  from  what  prevails  at  sea- level  at  the  same 
time  which  is  most  likely  to  aid  the  forecaster  of  weather  in  seeing  the 
most  probable  distribution  of  the  sea  level  pressure  one  day,  two  days,  or 
even  three  days  in  advance. 

Now  it  was  pointed  out  in  our  report  for  last  year  that  if  the 
forecaster  can  guess  what  the  distribution  of  the  barometric  pressure  will 
be  at  some  future  time,  he  can  state  what  the  weather  will  be  at  that 
time.  Hence  the  whole  problem  of  forecasting  resolves  itself  foreseeing 
the  arrangement  of  barometric  pressure  in  the  future.  The  distribution 
of  pressure  does  not  shift  arbitrarily,  but  the  areas  of  high  and  low 
pressures  existing  on  anv  one  day  change  into  those  of  the  next  day  by 
movement  over  the  earth  and  by  increase  or  diminution  in  intensity,  in 
accordance  with  physical  laws. 

The  scientific  study  of  the  causes  of  the  movements  of  these  areas  of 
high  and  low  pressures,  called  respectively  anticyclones  and  cyclones,  can 
only  be  said  to  be  just  beginning  ;  and  until  this  great  inquiry  has  made 
some  substantial  progress  we  cannot  have  a  science  of  forecasting,  as  we 
have  now  a  science  of  climatological  meteorology. 

This  is  the  inquiry  which  Mr.  Omond,  aided  by  the  staff  of  the 
Scottish  Meteorological  Society,  has  entered  on,  and  like  the  inquiry 
pr^ously  referred  to  will  take  from  two  to  three  years  for  the  prepara- 
tion of  a  report  showing  the  general  relations  of  the  observations  made 
at  the  two  Ben  Nevis  Observatories  to  the  coming  changes  in  the  imme- 
diate future  in  the  distribution  of  the  sea-level  pressures,  which  rule  the 
weather  one  day,  two  days,  or  three  days  in  advance. 

It  is  evident  that  in  carrying  on  this  large  work  Dr.  Buchan  and 
Mr.  Omond  require  the  help  of  well  qualified  assistants,  and  your 
Committee  have  much  pleasure  in  intimating  that  this  has  been  provided. 
As  intimated  in  our  last  report  a  generous  donor  in  July  1900  sent  a 
handsome  donation  of  3002.  to  the  Directors  of  the  observatories  for  this 
purpose,  and  as  the  result  Mr.  Andrew  Watt,  M.A.,  has  been  on  the 
staff  during  the  past  year.  We  have  the  further  pleasure  of  intimating 
that  another  gentleman,  who  desires  to  be  unknown,  has  fowarded  a 
cheque  for  500X  to  provide  additional  help  in  carrying  on  these  large  and 
expensive  inquiries.  There  is  thus  every  reason  to  hope  that  the  examina- 
tion and  discussion  of  the  work  of  the  two  observatories  will  be  thorough, 
and  will  have  scientific  utility  in  the  general  study  of  the  phenomena  of 
weather,  and  a  practical  utility  in  its  bearing  on  weather  forecasting. 

It  was  intimated  last  year  that  provision  had  been  made  for  the 
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maintenance  of  the  observatorieB  to  the  end  of  1901.  We  have  the 
farther  pleasure  of  adding  that  Mr.  Bernard  has  most  generously  given 
a  fourth  donation  of  500/.,  in  addition  to  the  1,500/.  previously  given  by 
him  ;  and  the  Meteorological  Council  have  agreidd  to  continue  their  grant 
of  250L  to  the  Low  Level  Observatory  for  another  year.  Provision  is 
thus  made  for  the  maintenance  of  the  two  observatories  to  the  close 
of  1902. 

In  the  meantime  the  printing  of  the  observations  made  at  the  two 
observatories  since  1888  proceeds,  and  already  the  first  of  the  three 
quarto  volumes  has  been  printed,  and  will  be  issued  in  the  course  of 
next  winter.  In  addition  to  the  observations,  this  volume  will  also  con- 
tain several  papers  and  discussion,  many  of  which  have  been  laid  before 
the  British  Association  in  our  reports  from  year  to  year.  The  publi- 
cation of  these  volumes  has  been  undertaken  by  the  Royal  Societies 
of  London  and  Edinburgh,  and  the  cost  is  estimated  at  1,000/. 


The  Olearing  of  Turbid  SoltUioruSy  and  the  Movement  of  Small  Sus- 
pended  Particles  by  the  Influence  of  Light.  By  Professor  G. 
Quincke,  of  Heidelberg. 

[Ordered  by  the  General  Committee  to  be  printed  in  extenso.'] 

Bt  '  turbid  solutions '  or  '  suspensions '  (triibe  Losungen,  Triibunffen)  I 
mean  water  in  which  many  small  solid  or  fluid  particles  are  suspended  for 
a  long  time.  The  small  particles  are  visible  with  the  microscope. 
Colloidal  solutions  with  doubtful  character  will  be  discussed  later. 

Sedimentation,  or  the  formation  of  flocks,  flocking,  is  observed  if  small 
quantities  of  acid  or  salt  solutions  are  brought  into  contact  or  are  mixed 
with  the  turbid  solution. 

For  instance,  the  sandbank  at  the  mouth  of  a  river  is  the  effect  of  the 
clearing  power  of  the  sea  water  on  the  particles  of  clay  suspended  in  the 
fresh  water  of  the  river. 

Turbid  solutions  of  clay,  kaoline,  silica,  gum  mastic,  are  flocked  by 
quantities  of  acid  or  salt  so  small  that  the  increase  of  weight  by  the 
clearing  substance  cannot  explain  the  augmented  velocity,  or  the  flocking 
of  the  falling  particles,  or  the  sedimentation  of  the  turbid  solution. 

Franz  Schulze '  and  Schloesing  ^  found  xishrs  ^  xWcnnr  of  <»lcium  or 
magnesium  salts  sufficient  to  clear  suspensions  of  clay.  Bodlander  '  has 
measured  the  clearing  or  coagulating  power  of  different  salts  for  suspen- 
sions of  kaoline ;  Hardy  *  for  suspension  of  gum  mastic  ;  Spring  *  for  sus- 
pensions of  gum  mastic,  kaoline,  silica.  Bodl&nder  found  suspensions  of 
kaoline  flocked  if  the  quantity  of  the  added  salt  is  greater  than  a  distinct, 
very  small  quantity,  the  '  Schwellenwerth '  of  the  clearing  substance. 
Electrolytes  promote,  insulators  retard,  the  clearing  of  the  suspensions, 
(Barus,^  Bodlander).  The  clearing  power  of  a  salt  depends  on  the  valance 
of  the  salt  and  the  kation  of  die  electrolyte  (Hardy,  Spring). 

According  to  Hardy,  the  particles  of  gum  mastic,  or  heat-modified 

*  Franz  Scholze,  Poggendorff's  Anndlen,  1866,  vol.  cxxix.  p.  366. 
'  Ch.  Schloesing,  Compt,  Rend.,  1870,  voL  Ixx.  p.  1345. 

*  Q.  Bodmnder,  6m,  Nachr.,  1893,  p.  267. 

*  W.  B.  Hardy,  Proe,  Roy,  Soo,,  1900,  vol.  Ixvi.  pp.  111-119. 

*  W.  Spring,  Rec.  Trar,  Chim,  det  Pays-Bos,  1900,  vol.  x.  (2  ser.  4),  no.  3,  pp. 
222, 294. 

*  C.  Barns,  Pkys.  BHbl,  1888,  vol.  xii.  p.  663. 
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proieid  move  in  a  contrary  direction  to  an  electric  current.  In  presence 
of  a  minute  amount  of  barium  chloride  or  free  acid  the  particles  of 
gum  mastic,  or  heat-modified  proteid,  move  with  the  electric  current.  At 
tho  isoelectric  point,  for  a  distinct  small  quantity  of  barium  chloride  or 
aoidy  the  electric  movement  vanishes  and  coagulation  or  precipitation 
occurs.  An  explanation  of  the  clearing  power  of  the  acids  or  salts  is  not 
given* 

In  the  coagulated  solutions  I  found  flocks  adhering  to  the  walls  of  the 
glass  vessels  and  many  air  bubbles  distributed  among  the  flocks.  Both 
phenomena  prove  that  on  the  surface  of  the  flocks  at  least,  a  short  time 
after  formation  of  the  flocks,  an  oily  viscous  fluid  exists.  At  the  surfeice 
of  separation  of  this  oily  fluid  and  the  surrounding  aqueous  fluid,  a 
surface  tension  acts  and  air  bubbles  are  separated,  as  at  the  limit  of  two 
heterogeneous  fluids.  Probably  changes  of  the  surface  tension  of  the 
boundary  of  oily  and  aqueous  fluid  and  the  periodical  spreading  of  hetero- 
geneous liquid  will  excite  vortices  and  unite  the  small  suspended  particles 
and  form  the  flocks.  The  surface  forces  are  the  same  as  the  forces  which 
form  foam-cells  by  the  contact  of  alkaline  oleates  with  water,  which  I 
demonstrated  at  the  meeting  of  the  British  Association  at  Oxford,  1894. 
The  flocking  influence  of  quantities  of  clearing  matter  so  very  small  is 
now  intelligible. 

I  shall  prove  that  this  explanation  is  the  right  one. 

Alcoholic  solution  of  gum  mastic  gives  in  a  large  mass  of  water  many 
unseen  threads  and  foam-walls,  in  which  are  distributed  a  great  many 
small  visible  spheres.  If  copper  sulphate  is  added  to  the  water  with  the 
mastic  foam  the  foam-walls  move  against  the  copper  sulphate,  become 
clearer,  and  are  dissolved.  The  spheres  and  the  foam-walls  prove  the 
formation  of  an  oily  viscous  fluid  by  the  action  of  water  and  gum  mastic, 
which  I  will  call  mastic  hydrate,  and  which  possesses  a  surface  tension  at 
the  surface  of  separation  from  water.  The  copper  sulphate  is  soluble  in 
water  and  in  mastic  hydrate,  has  the  surface  tension  zero  at  the  boundary 
with  water,  and  in  the  boundary  with  mastic  hydrate,  and  must  be  spread 
out  on  the  coomion  surface  of  mastic  hydrate  and  surrounding  water. 
The  spreading  excites  vortices  and  draws  the  surrounding  matter  towards 
the  spreading  centre  ;  the  surrounding  fluid  is  stirred  up,  a  new  portion 
of  copper  sulphate  is  brought  into  contact  with  the  mastic  surface,  spreads 
out,  and  so,  in  short  periods,  the  spreading  of  the  added  salt  and  the 
formation  of  vortices  are  repeated,  and  the  mastic  particles  are  attracted 
by  the  copper  solution. 

The  solution  of  copper  sulphate,  which  is  placed  by  means  of  a  long 
thin  funnel  under  a  turbid  solution  of  mastic  in  a  test  tube,  will  diffuse 
in  the  mastic  solution,  spread  out  on  the  surface  of  the  suspended  par- 
ticles, excite  vortices,  and  draw  the  mastic  particles  together  or  against 
the  walls  of  the  test  tube,  where  they  will  adhere.  The  connected  viscous 
matter  will  flow  together  and  form  drops,  bubbles,  or  coherent  foam- 
cells,  flocks.  On  the  surface  of  the  mastic  hydrate,  as  in  all  newly  formed 
boundaries  of  two  heterogeneous  fluids,  the  absorbed  air  is  separated  in 
small  bubbles.  One  part  of  the  flocks  will  rise  with  the  adhering  air,  the 
other  part  with  the  larger  flocks  will  sink  to  the  surface  of  the  salt 
solution. 

The  spreading  or  vortices  of  sufficient  energy  and  the  connection  or 
flocking  of  the  suspended  particles  demand  a  certain  concentration  of  the 
copper  sulphate,  corresponding  to  the  '  Schwellenwerth '  of  Bodlander. 

Solutions  of  NaCl,  HGl,  K2Cr207,  FeClg,  spread  out  on  the  surface  of 
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mastic  hydrate,  as  CUS04,  and  have  the  surface  tension  w&ro.  The  coagula- 
tion, or  clearing  of  mastic  solution  by  this  salt  solution,  is  explained  in  the 
same  way  as  with  OUSO4. 

Turbid  solutions  of  kaoline  in  glass  cylinders  of  100  x  10  cm.  form  a 
series  of  horizontal  layers  separated  by  equal  intervals.  After  two 
months  a  great  manv  flocks  adhere  on  the  shaded  side  of  the  glass.  Under 
the  microscope  the  flocks  show  threads  or  tubes  of  a  downward  flowing 
liquid,  with  spheroidal  enlargements  or  contractions  (Anschwellungen  una 
Einschniirungen).  The  sediment  at  the  bottom  of  the  glass  cylinder  has 
the  appearant^  of  solidified  liquid,  containing  deformed  bubbles  and 
coherent  foam-cells,  smooth  spheres  of  diameter  0*002  to  0*0004  mm.,  with 
greater  refraction  than  the  surrounding  substance. 

The  particles  of  kaoline  are  covered  by  the  action  of  the  water  with 
an  oily  viscous  fluid,  probably  silica  hydrate,  on  the  surface  of  which 
another  fluid  is  spread  out  The  periodiced  spreading  combines  the  sus- 
pended kaoline  particles  in  larger  flocks,  which  slowly  sink  to  the  ground 
or  are  drawn  by  the  vortices  against  the  glass  walls,  where  the  particles 
covered  with  oily  fluid  adhere.  The  oily  silica  hydrate  forms  spheres, 
bubbles,  or  coherent  foam-cells,  and  afterwards  becomes  soUdified. 

Turbid  solutions  of  Yjhnf  kaoline  in  test-tube  solutions  over  CUSO4, 
FeCla,  CaClg,  or  Ca(H0)2  give  foam- flocks  with  thin  walls  in  which 
many  little  grains  are  distributed,  or  with  thick  foam-walls  in  which, 
again,  small  chambers  or  cells  with  thin  walls  are  enclosed.  The  flocks 
of  kaoline  formed  in  the  beginning  by  the  viscous  fluid  adhere  to  the 
glass  wall. 

Also  over  solutions  of  sugar,  solutions  of  kaoline  form  two  thick 
flock-layers. 

Turbid  solutions  of  potash  soap  have  shown  flocks  over  chloroform, 
sulphide  of  carbon,  aqueous  solution  of  sugar,  CUSO4,  HCl. 

Turbid  solution  of  oleic  acid  has  been  flocked  by  solutions  of  HC1» 
CUSO4,  chloroform,  sulphide  of  carbon,  and  sugar;  turbid  solution  of 
China  ink  by  solution  of  CUSO4  and  HCl. 

The  order  of  the  flocking  solution,  determined  by  the  velocity  of  the 
clearing,  changes  with  the  concentration  of  the  suspended  particles. 

Electrolytes  and  insulators  may  be  clearing  substances. 

The  flocks  of  mastic  and  kaoline,  formed  by  artificial  clearing  by  means 
of  the  light,  adhere  to  the  shaded  side  of  the  glass-wall. 

The  views  of  Barus,  Hardy,  and  Spring  on  the  clearing  power  of 
different  liquids,  especially  of  the  electrolytes,  are  not  confirmed  by  my 
experiments.  It  is  not  proved  that  the  kation  of  the  clearing  electrolyte 
is  the  clearing  substance. 

The  flocks  of  gum  mastic  in  the  turbid  solution  are  formed  by  a  thin 
layer  of  mastic  salt  solution  (mastixhaltiger  Salzlosung),  which  is  con- 
nected to  the  surface  of  the  mastic  particles  by  molecular  force.  This 
thin  layer  of  mastic  salt  solution  will  develop  no  sensible  electromotive 
force  in  contact  with  the  pure  salt  solution  outside,  and  no  movement  of 
the  suspended  particles  with  the  thin  layer  by  an  electric  current  will  be 
possible.  My  theory  explains  the  formation  of  the  flocks  and  of  the  iso- 
electric flocks  of  Hardy,  which  are  not  moved  by  the  electric  current. 
The  process  of  clearing  is  the  same  in  all  turbid  solutions.  All  flocked 
particles,  or  suspended  particles  united  in  flocks,  are  covered  with  a  thin 
layer  of  solution,  nearly  isoelectric  with  the  surrounding  pure  salt  solu- 
tion, and  cannot  be  moved  by  electric  forces. 
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If  by  the  influence  of  light  more  spreading  fluid  is  formed  on  the 
light  side  than  on  the  shad^  side  of  the  suspended  particles  the  sus- 
pended particles  will  go  towards  the  light.  I  call  this  phenomenon  posi- 
tive photodromy. 

If  the  influence  of  light  stops  the  formation  of  the  spreading  solution 
or  the  spreading  film,  the  flocks  would  go  to  the  shaded  side,  or  will  show 
negative  photooromy. 

A  retarding  influence  of  the  light  is  not  probable,  but  many  physicists 
suppose  with  E.  Becquerel  a  retailing  or  stopping  influence  of  red  light 
in  the  case  of  the  fluorescence  of  Sidot-Blende.  I  think  that  the  negative 
photodromy  may  also  be  explained  by  the  heating  effect  of  the  light  and 
the  formation  of  air  bubbles  on  the  light  side  of  the  suspended  particles. 
The  air  bubbles  will  hinder  the  spreading  of  the  newly  formed  solution  on 
the  surface  of  the  suspended  particles,  and  the  vortices  of  sufficient 
energy  will  only  exist  on  the  shaded  side,  and  the  flocks  will  go  away  from 
the  light  or  show  negative  photodromy. 

Turbid  solutions  of  gum  mastic,  silica,  sodium  or  potassium  silicate, 
kaoline,  gummi  gutti,  shellac,  soap,  proteid,  can  remain  apparently 
unchanged  for  months  or  years,  but  after  some  weeks  or  months  we  can 
always  find  flocks  at  the  bottom  of  the  solution.  Moreover  horizontal 
layers  are  formed  with  more  or  less  suspended  particles. 

What  is  the  reason  of  the  stability  of  the  turbid  solution  t  Hardy  ^  and 
J.  J.  Thomson  see  the  reason  for  the  stability  in  the  electromotive  force 
at  the  boundary  of  the  suspended  particles  and  the  surroundins  fluid, 
which  hinders  the  movement  of  the  solid  particles,  while,  according  to 
Dom,*  electric  work  is  done  by  the  displacement  of  the  particles.  The 
action  is  the  same  as  if  the  viscosity  of  the  fluid  had  been  increased. 

That  electric  work  is  done  by  the  displacement  of  suspended  particles, 
or  by  the  displacement  of  fluids  over  the  solid  walls  of  porous  bodies,  and 
that  electromotive  force  exists  at  this  boundary  was  known  before  the 
researches  of  Dom,  and  is  a  consequence  of  my  old  researches  on  capillary 
electric  currents.^  If  the  explanation  of  Hardy  and  J.  J.  Thomson  should 
be  right,  the  turbid  solutions  must  have  the  greatest  stability  if  the  sus- 
pended particles  show  the  greatest  electromotive  force  in  contact  with  the 
surrounding  fluid— «.e.,  sulphur,  silica,  shellac,  suspended  in  water.  But 
shellac  gives  turbid  solutions  of  little  stability.  It  mav  be  that  the 
electromotive  force  at  the  boundary  of  liquid  and  suspended  particles  may 
increase  the  stability  of  the  suspension,  but  the  principal  reason  of  the 
stability  may  be  that  the  velocity  of  the  falling  particles  is  not  constant, 
but  variable  or  periodic.  The  impulses  of  the  periodic  velocity  are 
propagated  with  the  velocity  of  sound,  and  will  be  reflected  inside  or  at 
the  bottom  of  the  turbid  solution.  The  direct  impulse  will  interfere  with 
the  reflected  impulses,  and  the  particles  will  be  collected  in  horizontal 
layers  at  distances  of  half  a  wave  length. 

The  air  also  separated  at  the  common  surface  of  the  suspended 
particles  luid  the  surrounding  liquid  has  in  many  cases  an  important 
influence,  and  will  be  attached  to  it  or  will  cover  it.  The  diameter  of  the 
air  bubbles  or  thickness  of  the  thin  air  cover  may  be  so  small  that  it  is 
not  possible  to  see  it  with  the  best  microscope,  but  it  forms  the  condensa- 
tion nuclei  for  masses  of  absorbed  air  previously  separated. 

>  Hardy,  Proe,  Bajf,  Soc^  1900,  vol.  Ixvi.  p.  123. 

«  Dom,  Wiedemann's  Annalen,  1880,  vol.  x.  p.  70. 

•  G.  Qoincke,  PoggendorJPs  Annalen,  1860,  vol.  ex.  p.  66;  1861,  vol.  cxiii.  p.  646. 


Digitized  by 


Google 


64  REPORT — 1901. 

In  turbid  solutions  of  gum  mastic,  soap,  or  oleic  acid  one  may  see 
these  air  bubbles.  In  turbid  solutions  of  kaoline  or  silica  thej  act  as  a 
Cartesian  diver ;  the  suspended  particles  and  the  layers  of  particles  rise 
if  they  are  lighted  up  by  sunshine  and  sink  again  in  shadow  by  a  change 
of  density  or  volume  of  the  air. 


Underground  Temperature. — TweTUif'Secand  Report  of  the  Committee, 
consisting  of  Professor  J.  D.  Everett  (Chairman  and  Secretary), 
Lord  Kelvin,  Sir  Archibald  Geikie,  Mr.  James  Glaisher,  Pro- 
fessor Edward  Hull,  Dr.  C.  Le  Neve  Foster,  Professor  A.  S. 
Herschel,  Professor  G.  A.  Lebour,  Mr.  A.  B.  Wynne,  Mr.  W. 
Galloway,  Mr.  Joseph  Dickinson,  Mr.  G.  F.  Deacon,  Mr.  E. 
Wethered,  Mr.  A.  StraAan,  Professor  Michie  Smith,  and 
Professor  H.  L.  Callendar,  appointed  for  the  purpose  of  investi^ 
gating  tlie  Baie  of  Increase  of  Underground  Temperature  downwards 
in  vanous  Localities  of  Dry  Land  and  Under  Watei\  (Drawn  wj) 
by  Professor  Everett,  Secretary.) 

Attbntiok  having  been  called  to  the  copper-mining  r^ion  on  the  south 
coast  of  Lake  Superior  as  exhibiting  an  exceedingly  slow  increase  of 
temperature  downwards,  the  Secretary  has  availed  himself  of  the  kind 
offices  of  Professor  William  Hallock,  of  Columbia  University,  to  obtain 
authentic  information  on  the  subject.  Previous  reports  contain  valuable 
material  furnished  by  Professor  Hallock  respecting  a  deep  well  at  Wheeling, 
in  Virginia. 

The  region  in  question  is  the  most  northerly  portion  of  the  State  of 
Michigan,  and  includes  a  tongue  of  land  jutting  out  some  sixty  miles  into 
the  middle  of  the  lake,  terminating  in  Keweenaw  Point,  which  is  marked 
on  all  maps.  The  mine  of  the  Calumet  and  Hecla  Company,  which  is  very 
extensive,  and  has  upwards  of  twelve  shafts,  is  nearly  in  the  middle  of 
this  tongue  ;  and  immediately  adjoining  it  to  the  west  is  the  Tamarack 
mine,  with  five  shafts.  These  two  mines  are  about  four  miles  from  the 
nearest  coast  (which  is  the  north-west  side  of  the  tongue)  and  about  eleven 
miles  from  the  south-east  coast,  the  tongue  being  about  fifteen  miles  wide 
in  this  part.  The  ground  is  high,  being  650  feet  above  the  lake,  which  is 
itself  600  feet  above  sea-level.  The  mineral  veins  dip  to  the  north-west 
under  the  lake,  the  dip  ranging  from  22^  at  the  end  of  the  tongue  to  56"" 
at  its  root.  The  beds  consist  of  a  series  of  compact  granular  and  amygda- 
loidal  traps,  sandstones,  and  conglomerates. 

The  latitude  is  47°,  and  the  mean  annual  temperature,  according  to 
isothermal  charts,  is  39°  or  40°  F.  The  average  depth  of  the  lake  is  about 
900  feet,  and  all  the  water  below  the  depth  of  240  feet  was  found,  by 
surveys  conducted  in  the  months  of  August  and  September,  to  be  at  about 
39°  F.  As  this  is  the  temperature  at  which  water  has  its  maximum 
density,  it  probably  remains  unchanged  all  the  year  round.  The  ground 
beneath  the  lake  is  accordingly  at  a  permanent  temperature,  practically 
identical  with  the  mean  annual  temperature  of  the  air  above,  and  the 
boundary  conditions  for  regulating  underground  temperature  are  practi- 
cally the  same  as  if  all  the  water  of  the  lake  wero  removed  and  the  air  had 
free  access  to  the  bottom.  The  slope  of  the  bottom  in  the  neighbourhood 
of  the  mines  in  question  is  about  1  in  54  until  a  depth  of  300  feet  has 
been  attained,  and  becomes  gradually  less  steep  to  the  depth  of  700  feet, 
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which  begma  at  nineteen  miles  from  the  shore  and  continues  for  fifteen 
miles  farUier.  The  slope  of  the  land  from  the  mines  down  to  the  shore  is 
about  1  in  40.  The  contour  of  the  ground  and  the  surface  conditions  in 
the  neighbourhood  may  therefore  be  regarded  as  normal. 

The  leading  authority  on  temperature-gradient  in  this  part  of  the 
United  States  is  Mr.  Alfred  C.  Lane,  the  Michigan  State  Geologist.  He 
writes  in  *  Mineral  Industry '  (vol.  iv.  1895,  p.  767) : — 

*  It  is  certain  that,  in  the  Lake  Superior  region,  the  rate  of  increase  of 
rock  temperature  is  not  far  from  P  in  100  feet  from  a  surface  temperature 
near  40^.  For  example,  at  4,450  feet,  the  bottom  of  the  North  Tamerack 
shaft,  the  rock  is  at  84°  R' 

Alluding  to  the  preliminary  announcement  by  Professor  Alexander 
Agassiz,  president  of  the  Calumet  and  Hecla  Mining  Company^  of  the 
temperatures  59''  F.  at  105  feet,  79''  F.  at  4,580  feet,  he  says  :— 

'Since  at  105  feet  the  rock  temperature  should  be  near  the  mean 
annual  temperature  of  the  locality,  and  since  the  mean  annual  temperature 
of  Calumet  is,  according  to  all  isothermal  maps,  near  39°,  and  a  mean 
annual  temperature  of  59°  is  found  somewhere  near  Tennessee,  I  do  not 
think  we  can  safely  assume  a  gradient  very  much  less  than  1°  in  100  feet 
after  all.' 

President  Agassiz's  announcement  appeared  in  the  *  American  Journal 
of  Science'  for  December  1895,  p.  503,  in  the  form  of  a  preliminary 
communication  to  the  editors,  with  the  statement  : — 

'  We  propose  when  we  reach  our  final  depth,  4,900  feet,  to  take  an 
additional  rock  temperature,  and  then  publish  the  full  details  of  our 
observations.' 

This  depth  was  reached  not  long  afterwards,  the  fact  being  recorded 
in  the  *  Mining  Journal '  for  September  1896  ;  but  the  promisied  details 
have  never  been  given  to  the  public ;  and  a  letter  addressed  by  the 
Secretary  to  Professor  Agassiz  in  1896  elicited  the  information  that  the 
rate  of  increase  had  turned  out  to  be  difierent  from  what  it  was  believed 
to  be  when  the  preliminarv  announcement  was  made. 

The  evidence  tendered  in  favour  of  the  abnormally  slow  increase  of 
20®  F.  in  4,475  feet,  or  1°  in  224  feet,  has  thus  been  practically  withdrawn. 
Professor  Hallock,  writing  in  January  last,  says  :— 

'  The  observation  of  temperature  in  the  Calumet  and  Hecla  mine,  to 
which  you  refer,  is  thoroughly  discredited  in  this  country.' 

With  the  view  of  probing  the  matter  to  the  bottom.  Professor  Hallock 
(on  the  suggestion  of  the  ^retary)  made  arrangements  for  personally 
exploring,  in  the  spring  and  early  summer,  the  temperature  conditions  of 
the  mines ;  but  in  June  he  wrote  : — 

'The  Mining  Company  [the  Tamarack  Company],  after  having 
promised  me  permission  to  make  temperature  observations,  withdrew  the 
permission,  and  declined  to  permit  me  to  enter  the  shaft.' 

The  proposed  trip  was  accordingly  abandoned.  Professor  Hallock 
has,  however,  sent  large-scale  maps  and  sections,  and  Mr.  Lane  has,  at  his 
request,  furnished  information  respecting  underground  temperature  in 
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various  parts  of  Michigan.  It  includes  temperatures  of  deep  wells 
spouting  above  ground  and  of  shallow  springs.  Mr.  Lane's  general  result 
is  that — 

'  in  the  flat,  undisturbed  sedimentaries  of  the  Lower  Peninsula  [between 
Lake  Michigan  and  the  lower  lakes]  the  geothermal  gradient  is  not  far 
from  1°  in  67  feet ;  while  in  the  Upper  Peninsula^  near  Lake  Superior, 
the  gradient  is  perhaps  a  little  lower  than  P  in  100  feet.  This  difference 
may  be  ascribed  to  the  difference  in  conductivity,  to  which  the  geothermal 
gradient  should  be  inversely  proportional.  The  Upper  Peninsula  rocks 
are  probably  more  conductive  (trap  -007)  when  dry,  and  certainly  are 
less  porous  and  contain  less  water  than  those  of  the  Lower  Peninsula 
(limestone  '005,  sandstone  '002.  There  has  been  no  volcanic  or  very 
extensive  orogenic  disturbance  since  early  Cambrian  times,  and  but  little 
Palseozoic  faulting  and  folding.  You  wUl  notice  that  the  temperatures 
of  shallow  flows  are  higher  than  the  mean  annual  temperatures  as  derived 
from  the  Weather  Service  ;  which  is  not  surprising  when  we  consider 
that  in  the  winter  the  surface  of  the  ground  is  often  blanketed  with  snow 
and  not  freezing,  when  the  air  temperatures  are  very  low.' 

Mr.  Lane  estimates  the  '  mean  annual  temperature '  for  the  Calumet 
district  at  38^*6,  and  the  ^  mean  temperature  at  the  depth  of  no  variation  ' 
at  40*'.  If  we  take  this  latter  as  the  temperature  at  50  feet,  and  compare 
it  with  the  temperature  84°  at  4,450  feet  in  the  Tamarack  mine,  we  have 
an  increase  of  44''  F.  in  4,400  feet,  or  P  in  100  feet.  Mr.  Lane's 
estimate  for  the  Calumet  district  is  1°  F.  in  107  feet.  He  states  that 
numerous  corroborative  data  indicate  a  gradient  lying  between  1°  in 
100  feet  and  1°  in  115  feet. 

No  authorities  are  cited  for  the  conductivities  which  Mr.  Lane  assigns 
to  the  rocks,  and  fuller  information  on  this  point  is  desirable  ;  but,  in 
view  of  the  fact  that  the  President  of  Section  C  last  year  characterised 
the  variation  in  the  British  Isles  *  from  P  in  34  feet  to  1®  in  92  feet'  as 
'a  surprising  divergence  of  extremes  from  the  mean,'  it  is  well  to 
emphasise  the  connection  between  gradient  and  conductivity.  If  there  is 
anything  like  uniformity  in  the  annual  escape  of  heat  from  the  earth  at 
different  places,  there  must  necessarily  be  large  differences  in  geothermic 
gradients,  since  the  rate  of  escape  is  jointly  proportional  to  the  gradient 
and  the  conductivity. 

The  investigation  of  underground  temperature  is  being  energetically 
taken  up  by  the  United  States  Geological  Survey.  Mr.  N,  H.  Darton 
has  for  some  years  been  engaged  in  collecting  data  with  a  view  to  the 
preparation  of  an  isogeothermal  map  of  the  United  States. 

Brief  allusions  have  appeared  to  observations  taken  in  1893  in  a  bore 
at  Paruschowitz,  near  Rybnik,  in  Upper  Silesia,  repute  to  be  the  deepest 
in  the  world.  The  details,  strange  to  say,  have  never  yet  been  published, 
but  they  have  been  kindly  furnished  for  the  purposes  of  this  report  by 
the  Prussian  mining  authorities. 

The  bore  is  one  out  of  a  large  number  (400  or  more)  which  have  been 
sunk  by  the  Prussian  Government  for  the  purpose  of  exploring  the  mineral 
resources  of  the  country.  A  full  account  of  the  mode  of  sinking  it  and 
the  difficulties  which  were  encountered  was  given  by  Bergrath  Kobricb 
at  the  ninth  *  Wanderversammlung '  of  boring  engineers,  and  is  printed 
in  the  mining  journal  *Gliickauf '  for  1895,  pp.  1273-1277. 

The  boring  was  begun  in  January  1892,  and  Anally  discontinued  in 
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Angust  1893.  In  May  1893  the  operationg  were  suspended  for  the 
purpose  of  making  changes  in  the  machinery  ;  and  it  was  during  this 
interruption,  which  lasted  three  months^  that  the  observations  were 
taken.  The  bore  had  attained  a  depth  of  2,002  metres,  exceeding  by 
255  metres  that  of  the  Schladebach  bore,  which  was  previously  the 
deepest  in  the  world.  When  boring  was  resumed  after  the  interruption, 
and  had  added  about  a  metre  to  the  depth  above  mentioued,  the  boring 
tool  broke,  owing  to  caving  in,  which  proved  to  be  of  so  serious  a  character 
as  to  render  further  progress  hopeless.  The  total  depth  attained  is  given 
as  2,003-34  metres. 

The  first  200  metres  bored  through  consisted  mainly  of  a  greenish 
grey  clay  or  marl  (Tegel),  which  was  liable  to  swell  and  crumble  after  a 
time  if  exposed  to  water.  It  also  held  the  tubing  with  a  grip  which  was 
inconveniently  tight.  At  about  250  metres  a  seam  of  coal  was  passed 
through  ;  and  in  all  eighty. three  coal  seams  were  found,  with  a  total 
thickness  of  about  90  metres.  No  mention  is  made  of  any  springs  being 
tapped,  but  14  metres  of  quicksand  were  passed  through  at  the  depth  of 
200  metres,  immediately  above  the  Coal-measures.  The  seams  of  coal 
alternated  with  beds  of  sandstone  and  shale. 

The  lower  half  of  the  bore,  from  1,014  metres  downwards,  was  not 
tubed,  but  the  upper  half  contained  eight  different  sizes  of  tubing.  The 
first  and  largest  extended  from  the  top  to  70  metres.  Inside  of  this  was 
the  second,  reaching  from  the  top  to  107  metres.  Within  this  was  the 
third,  reaching  from  the  top  to  189  metres,  and  it  was  during  the  sinking 
of  the  third  that  the  diamond  borer  was  substituted  for  the  percussive 
drill.  The  fourth  size  extended  from  the  top  to  260  metres  ;  the  fifth 
£rom  the  top  to  319  metres ;  the  sixth  from  the  top  to  571  metres;  the 
seventh  from  the  top  to  1,014  metres  ;  and  the  eighth  from  540  metres 
to  1,014  metres,  the  necessity  for  this  eighth  tube  having  arisen  from 
accidental  injury  to  the  seventh.  An  accident  which  subsequently 
occurred  broke  away  a  large  portion  of  the  eighth  tube  also,  and  as 
repair  was  found  to  be  impossible,  a  considerable  length  of  the  bore  (from 
the  depth  571  metres  to  the  depth  764  metres)  was  left  without  tubing, 
constituting  a  standing  source  of  danger  and  trouble. 

In  place  of  the  solid  rods  employed  for  supporting  and  working  the 
old  percussive  drills,  hollow  rods  are  employed  in  diamond  boring,  and 
water  forced  down  the  interior  of  the  hollow  rods  washes  up  the  debris 
through  the  surrounding  space.  The  hollow  rods  are  usually  of  wrought 
iron,  and  this  was  the  case  at  Paruschowitz  till  the  depth  of  1,450  metres 
was  reached,  when,  in  order  to  diminish  the  enormous  weight,  it  was 
decided  to  replace  the  wrought  iron  by  Mannesmann  steel  tubes  ;  a  change 
which  was  attended  with  great  advantage  during  the  remainder  of  the 
boring. 

As  regards  the  diameter  of  the  bore,  the  tubing  which  lined  the  first  450 
metres  had  an  internal  diameter  of  92  millimetres.  From  this  depth  to  571 
metres  the  diameter  was  72  millimetres.  Then  occurred  an  untubed  interval 
of  183  metres  of  considerably  larger  diameter,  the  tubing  of  72  millimetres 
diameter  commencing  again  at  754  metres,  and  continuing  to  1,014  metres, 
from  i^hich  depth  to  the  bottom  at  2,002  metres  there  was  an  untubed 
portion  of  uniform  diameter  which  had  been  bored  with  a  diamond  crown 
of  69  millimetres. 

The  method  of  plugging  to  prevent  convection  currents,  which 
was    employed   at  Sperenberg  and   Schladebach,   was  not  repeated   at 
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Paroschowitz,  posdbly  on  account  of  the  danger  of  caving  in ;  but  in 
order  to  fulfil  the  same  purpose  as  completely  as  the  circumstances 
permitted,  mud  was  pumped  into  the  bore,  and  left  undisturbed  for 
some  time,  that  it  might  acquire  the  permanent  temperature  of  the 
strata.  When  observations  were  commenced,  the  last  40  metres  of  mud 
were  found  to  have  become  so  consolidated  that  the  hollow  rod  employed 
for  lowering  the  thermometers  could  not  be  forced  into  it,  and  the  lowest 
observation  that  could  be  obtained  was  at  1,959  metres,  about  200  metres 
deeper  than  the  deepest  obtained  at  Schladebach.  The  following  is  the 
record  of  the  observations  : — 


Reference 

Depth, 

Temp. 

Reference 

Depth, 

Temp. 
Cent. 

1      Number. 

1 

Metres. 

Cent. 

Number. 

Metres. 

1 

t 

1 

6 

o 

121 

33 

998 

o 
39-3 

2 

37 

131 

34 

1,029 

400      . 

3 

68 

14-3 

35 

1,060 

414 

4 

99 

14-6 

36 

1,091 

42-4 

5 

130 

15-6 

37 

1.122 

43-4 

6 

161 

160 

38 

1,153 

*  451 

7 

192 

16-6 

39 

1,184 

460 

i             8 

223 

17  3 

40 

1,215 

46-4 

9 

254 

181 

41 

1,246 

47  0 

1           10 

285 

18-9 

42 

1,277 

48-4 

1           11 

316 

201 

43 

1,808 

48  5 

i           12 

347 

20-4 

44 

1,339 

49-0 

'           13 

378 

211 

46 

1,370 

49-6 

1           1* 

409 

21-8 

46 

1,401 

500 

!          16 

440 

225 

47 

1.432 

601 

16 

471 

23-5 

48 

1.463 

52  8 

17 

502 

24-6 

49 

1,494 

53-4 

18 

633 

26-4 

60 

1,526 

53-8 

19 

664 

26-8 

51 

1,556 

560 

20 

595 

28-8 

52 

1,587 

66-8 

21 

626 

29-1 

63 

1,618 

66-2 

22 

667 

30-4 

64 

1,649 

58-6 

23 

688 

30-8 

65 

1,680 

60-3 

24 

719 

31-3 

66 

1,711 

61-4 

25 

750 

31-5 

67 

1,742 

621 

26 

781 

31-6 

58 

1,773 

63*6 

27 

812 

32-8 

69 

1,804 

64  8 

28 

843 

341 

60 

1,836 

65-6 

29 

874 

35-4 

61 

1,866 

65-6 

30 

906 

35-8 

62 

1,897 

669 

31 

936 

370 

63 

1,928 

67-5 

32 

967 

37-3 

64 

1,959 

69-3 

Each  temperature  recorded  in  the  list  is  the  mean  of  the  indications 
of  six  thermometers,  which  were  enclosed  together  in  a  steel  caae, 
supported  inside  the  hollow  rod  near  its  lower  end.  The  case  had  been 
tested  and  found  watertight  under  a  pressure  of  250  atmospheres.  The 
thermometers  were  similar  to  those  described  in  our  account  of  the 
Schladebach  observations— mercury  thermometers  of  the  *  overflow '  kind, 
open  at  the  top,  their  indications  being  interpreted  by  placing  them  in 
water  which  is  gradually  warmed  up  till  the  mercury  is  on  the  point  of 
overflowing. 

As  the  operation  of  lowering  a  thermometer  to  any  point  in  a  bore 
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and  hauling  it  up  again  disturbs  the  contents  of  the  bore  at  all  pcurts 
above  this  point,  the  general  rale  is  to  take  the  shallowest  observation 
first  and  work  downwards.  On  the  other  hand,  when  there  is  danger 
of  caving  in,  it  may  be  desirable  to  begin  by  securing  the  most  valuable 
observation — that  is,  the  deepest — and  to  work  upwards.  This  latter 
was  the  order  of  observation  adopted  at  Paruschowitz,  the  points  of 
observation  being  at  the  uniform  distance  of  31  metres,  the  lowest  at 
1,959  metres,  and  the  highest  at  6  metres.  This  makes  sixty-four  determi- 
nations, each  being  the  mean  of  six  readings. 

Though  the  observations  were  taken  under  less  favourable  conditions 
than  those  at  Schladebach,  they  are  of  very  unusual  interest,  and  the 
withholding  of  them  from  publication  till  the  present  time  is  a  notable 
instance  of  excessive  modesty.  When  they  are  plotted  the  curve  obtained 
exhibits  a  satisfactory  amount  of  regularity,  and  does  not  depart  very  far 
from  a  straight  line  joining  its  two  ends.  Of  the  two  most  conspicuous 
irregularities  one  extends  over  the  portion  where  183  metres  of  tubing 
were  broken  away-  the  temperature  here  being  a  degree  or  two  higher 
than  one  would  have  expected — and  the  other  at  the  point  where  the 
change  was  made  from  wrought-iron  rods  to  Mannesmann  steel,  the  in- 
terval between  the  two  consecutive  tetnperatures  on  opposite  sides  of  this 
point  being  about  three  times  the  average  interval.  Several  other  points 
can  be  selected  which  show  an  excess  or  defect  of  temperature  amounting 
to  P,  but  this  is  only  what  was  to  be  expected  from  the  alternations  of 
different  rocks.  In  some  condensed  reports  of  Bergrath  Kobrich's  com- 
munication (but  not  in  the  full  paper  as  given  in  '  Gliickauf ')  the  irregu- 
larities are  attributed  to  chemical  action  in  the  coal  seams,  causing  in 
some  cases  a  heating  and  in  others  a  cooling  j  but  in  the  absence  of  more 
direct  evidence  this  explanation  seems  rather  forced. 

The  ciirve  for  the  shallower  portion  from  6  metres  to  533  metres  is 
approximately  a  straight  line  of  gradient  P  C.  in  39 '6  metres  ;  while  the 
curve  for  the  deepest  portion — 1,680  metres  to  1,959  metres — shows  an 
average  gradient  of  1°  C.  in  31*0  metres.  The  intermediate  portion — 
533  metres  to  1,680  metres  (which  is  rather  more  wavy) — has  an  average 
gradient  of  P  C.  in  32'9  metres. 

Comparing  the  shallowest  observation,  12°*1  at  6  metres,  with  the 
deepest,  69°'3  at  1,959  metres,  we  have  an  increase  of  57°*2  in  1,953  metres, 
which  is  at  the  rate  of  P  C.  in  34-1  metres,  or  P  F.  in  622  feet.  This 
general  average  is  the  only  result  that  has  hitherto  been  published. 

No  doubt  seems  possible  as  to  the  correctness  of  the  determination 
69^-3  at  1,959  metres.  The  firmness  of  the  clay,  being  sufficient  to  pre- 
vent a  hollow  rod  weighing  several  tons  from  going  deeper,  must  have 
been  sufficient  to  prevent  convection. 

As  regards  the  determination  12®'l  C.  at  6  metres,  one  naturally 
compares  it  with  the  temperature  found  at  precisely  the  same  depth  in 
the  Schladebach  bore,  which  was  8°  3  R.,  or  10®'4  C.  Paruschowitz  is  a 
degree  or  degree  and  a  half  further  south  than  Schladebach,  but  is  152 
metres  higher,  which  about  compensates  the  difference  of  latitude,  so  that 
one  would  expect  their  temperatures  to  be  the  same.  Further  light  is 
thrown  upon  the  question  of  the  temperature  of  Paruschowitz  by  com- 
parison with  the  known  temperatures  of  places  lying  around  it. 

The  following  particulars  respecting  neighbouring  places  and  their 
mean  annual  temperatures  are  taken  from  Hann's  '  Klimatologie ' 
(Stutgart,  1897),  vol.  iii.  p.  147  :--- 
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— 

Lat.N. 

Long.  E. 

Height 

Temp.  C. 

Ratibor 

o        / 
60      6 

O            9 

18     13 

M. 

198 

81 

Oraoow 

60      4 

19    69 

220 

7-8 

Prague 

60      5 

14    26 

202 

8-8 

Eger    . 

60      6 

12     22 

466 

71 

Datschitz 

49      6 

16     26 

466 

6-4 

BrOnn 

49     12 

16    37 

210 

8-4 

Oppeln 

60    40 

17     66 

176 

8-2 

Bichberg 

60    66 

16    48 

349 

6-8 

Brest  aa 

61      7 

17      2 

147 

8-8 

Gorlitz 

61     10 

16      0 

210 

80 

To  compare  with 

Paruschowitz      .        .1        60      7        1        17    33 

1        254 

— 

the  latitude  and  longitude  of  Paruschowitz  (in  absence  of  more  exact 
information)  being  identified  with  those  of  the  nearest  town,  Rybnik. 

The  nearest  of  these  places  is  Ratibor,  which  is  only  twenty  English 
miles  distant,  and  has  the  same  latitude.  Its  temperature  is  8*1,  and 
Paruschowitz,  being  54  metres  higher,  should  have  a  temperature  of  about 
7*8.  The  mean  of  the  temperatures  of  the  ten  places  is  also  7*8,  their 
mean  latitude  being  50"^  31'  and  mean  height  235  metres.  It  appears 
certain  that  the  temperature  of  Paruschowitz  cannot  differ  by  more  than 
a  few  tenths  of  a  degree  from  8*0  \  and  it  is  not  usual  for  the  mean 
annual  temperature  at  the  depth  of  6  metres  in  the  soil  to  differ  by  more 
than  a  few  tenths  from  the  mean  temperature  of  the  air.  The  observed 
temperature  12*1  at  6  metres  appears  then  to  be  about  4""  too  high. 

This  was  apparently  the  latest  of  the  sixty-four  observations  ;  and  the 
sixty-three  lowerings  and  raisings  again  of  the  thermometers  with  their 
supporting  rods  through  the  mud  which  filled  the  bore  would  carry  down 
colder  mud  from  the  top  and  replace  it  by  warmer  mud  brought  up  from 
below. 

Another  cause  tending  to  make  the  temperature  at  6  metres  too  high 
is  suggested  by  comparing  the  temperature  10^*4  observed  at  this  depth 
at  Schladebach  with  8^*4,  which  is  given  by  Hann  ^  as  the  mean  tempera- 
ture of  Leipzig,  the  nearest  large  town.  The  isolation  by  plugging  in  the 
Sohladebach  bore  was  very  effective  while  it  lasted  ;  but  it  probably  did 
not  last  Jong  enough  to  restore  the  normal  temperatures  of  the  layers  of 
rock  surrounding  the  upper  portion  of  the  bore,  after  their  prolonged 
exposure  to  warm  water  brought  up  from  below  during  the  progress  of 
the  boring. 

The  highest  temperature  that  seems  at  all  possible  for  the  depth  of 
6  metres  at  Paruschowitz  is  9^  C.  If  we  adopt  8*3,  which  is  more  prob- 
able, we  have  an  increase  of  exactly  6P  C.  in  1,953  metres,  or  P  C.  in 
32  metres,  or  P  F.  in  58*3  feet. 

Treating  the  Schladebach  observations  in  the  same  way,  if  we  adopt 
8*6  as  the  temperature  at  6  metres,  we  have  an  increase  of  48°  C.  in  1,710 
metres,  or  1°  C.  in  35*6  metres,  or  I®  F.  in  65  feet.  This  exactly  agrees 
with  Herr  Bunker's  deduction  as  given  in  our  report  for  1889. 

It  is  very  desirable  that  direct  observations  of  the  mean  annual  tem- 
perature of  the  soil  at  a  small  depth  (say  1  metre  or  2  metres)  should  be 

*  Loe.  cit. 
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taken  at  both  Schladebach  and  Paruschowitz  for  the  purpose  of  removing 
all  doubt. 

Since  the  presentation  of  their  last  report  in  1895  the  Committee  have 
to  deplore  the  loss  of  two  valuable  members,  Professor  Prestwich,  who 
compiled  the  most  complete  account  of  underground  temperature  observa- 
tions yet  published,  and  Mr.  G.  J.  Sjmons,  who,  ever  since  the  formation 
of  the  Committee  in  1867,  has  been  one  of  its  most  active  members. 

They  have  pleasure  in  announcing  that  Mr.  Bennett  H.  Brough, 
Secretary  of  the  Iron  and  Steel  Institute,  who  has  rendered  large 
assistance  in  obtaining  the  material  for  the  present  report,  has  consented 
to  serve  on  the  Committee. 


Note  sur  V  Units  de  Pression.     Par  le  Dr.  C.  E.  GuiLLAUBlE. 
[Ordered  by  the  GeDeral  Committee  to  be  printed  in  eatenso.^ 

L'utilit^  de  Temploi  d'une  unit^  de  pression  d^riv^  du  syst^me  C.G.S. 
n'est  pas  contestable.  De  plus,  une  experience  d6j&  longue  et  souvent 
rdp^t^  nous  a  enseign^  qu'une  unite  n'est  vraiment  admise  en  pratique 
que  lorsque  sa  valeur  normale  en  fonction  d'un  etalon  a  6t6  fixde,  de 
mani^re  k  ce  que  la  realisation  precise  de  cette  unite  ainsi  que  sa 
representation  materielle  soit  parfaitement  assuree.  L'adoption  d'une 
vaJeur  normale  de  Tunite  de  pression,  ou,  si  Ton  veut,  d'un  etalon  de 
pression  derive  du  syst^me  C.G.S.,  constituerait  done  une  utile  addition 
au  syst^me  generalement  employe  dans  toutes  les  branches  de  la  science. 

Les  seules  questions  se  rapportant  k  Ti^nito  de  pression  au  sujet 
desquelles  il  soit  necessaire  de  discuter  encore  avant  Tadoption  definitive 
d'un  etalon  sont  les  suivantes  : — 

Quel  sera  le  multiple  de  Tunite  C.G.S.  qui  sera  considere  corame  unite 
de  pression  pour  la  pratique  ? 

Quelle  sera  sa  representation?  Eventuellement  sera-t-il  avantageux 
de  se  rallier  k  un  etalon  definissable  par  un  nombre  simple,  et  quel  sera  ce 
nombre  ? 

Quels  sont  les  domaines  auxquels  Tunite  de  pression  devra  Stre 
appliquee?  En  particulier  conviendra-t-il  d'abandonner  la  pression 
normale  definie  par  Laplace,  et  adoptee  par  les  meteorologistes  et  les 
physiciens  ? 

MtUtiple, — Le  choix  du  multiple  est  indique  par  Tutilite  qu'il  pent  y 
avoir  k  se  rapprocher,  pour  la  nouvelle  imite,  des  grandeurs  des  unites  les 
plus  usuelles.  Ces  derui^res  sont  Tatmosphere  et  le  kilogramme  par  centi- 
metre carre,  qui  enserrent,  k  moins  de  2  pour  100  pr^s,  et  par  un  heureux 
hasard  le  produit  par  10^  de  Tunite  C.G.S. 

On  pourrait  faire  k  ce  multiple  une  seule  objection,  c'est  de  se  trouver 
en  dehors  du  syst^me  coherent  auquel  le  vxitt  et  lejoiUe  ont  ete  rattaches, 
de  telle  sorte  que  le  produit  de  la  nouvelle  unite  de  pression  par  le 
centimetre  cube  serait  egale  au  dixi^me  de  Tunite  pratique  d'energie,  et 
non  k  Tunite  pratique  elle-mSme.  Cependant  il  ne  semble  pas  que  ce 
defaut  soit  assez  grave  pour  faire  renoncer  k  Ta  vantage  de  se  trouver  si 
pr^s  des  deux  principales  unites  usuelles  que,  pour  beaucoup  d'applications, 
le  changement  serait  insensible. 

Bepresentation  et  Valeur, — L'etalon  de  pression  serait  convenablement 
represente  par  une  colonne  de  mercure,  ainsi  qu'il  a  ete  fait  jusqu'ici  pour 


Digitized  by 


Google 


72  REPORT— 1901. 

la  plupart  des  unit^  de  pression  employ^.  L'atmosphere  m^trique  et 
Tatmosph^re  britannique  sont  dans  ce  cas,  et  ne  different  que  par  la 
temperature  k  laquelle  le  mercure  est  consid^r^,  la  hauteur  de  la  colonne 
et  le  lieu  de  son  exposition  k  Tattraotion  de  la  terre.  En  physique  les 
pressions  qui  ne  sont  pas  exprim^dans  le  syst^me  C.G.S.  sont  rapports 
k  Fatmosph^re,  et  par  \k  m^me  k  une  colonne  de  mercure,  ou  sont  directe- 
ment  exprim^  en  fonction  du  millimetre  de  mercure.  L'adoption  g^n^rale 
de  la  r^uction  k  Q^,  m^me  par  les  m^t^rologistes  qui,  suivant  le  syst^me 
britannique,  ram^nent  la  longueur  mesur^e  sur  r^chelle  en  pouces  a 
62^  F.,  ne  laisse  aucun  doute  sur  la  temperature  de  la  colonne  mercurielle, 
qui  devra  dtre  celle  de  la  glace  fondante. 

Le  dernier  element  qui  reste  k  fixer,  en  dehors  de  la  hauteur  elle-m^me 
de  la  colonne  mercurielle,  qui  sera  donn^e  par  le  calcul,  est  la  valeur  de 
Tacc^ieration  de  la  pesanteur,  a  laquelle  la  pression  sera  due.  Aussi 
longtemps  que  les  g^odesiens  ont  pu  croire  k  Texistence  d'une  valeur 
normale  de  Tacceieration,  d^finissable  par  une  latitude  et  une  altitude, 
par  exemple  par  la  latitude  de  45^  et  le  niveau  de  la  mer,  il  ne 
semblait  pas  possible  d'admettre  une  autre  valeur  de  Tacceieration  que 
cette  demiere.  Mais  les  recherches  de  ces  demi^res  ann^es  ont  fait 
decouvrir  les  anomalies  locales  qui  rendent  un  peu  incertaine  et  variable 
.  la  valeur  de  Taccei^ration  que  Ton  avait  consideree  comme  normale. 

La  valeur  de  Facc^ieration  donn^e  par  la  reduction  des  stations  du 
littoral  mediterran^en  est  de  980,714,  en  l^ger  exc^  sur  la  valeur  de 
Greenwich  et  sur  la  plupart  des  stations  continentales  ;  ce  n'est  pas 
cependant  une  valeur  exceptionnelle,  et  la  reduction  de  certaines  stations 
donne  des  nombres  encore  sensiblement  plus  elev^s. 

La  masse  sp^cifique  du  mercure,  c'est-^-dire  le  quotient  de  la  masse 
d'une  certaine  quantity  de  mercure  par  son  volume  k  0°,  est,  dans  le 
syst^me  C.G.S. ,  egale  k  13,5950  ^  3  ou  4  unites  pr^  du  quatri^me  chiffre 
decimal.  En  combinant  les  deux  nombres  qui  pr^cMent,  on  trouve,  pour 
la  pression  exerc^e  par  une  colonne  de  mercure  de  1  m^tre,  k  0^,  et  dans 
les  conditioQS  susdites  de  la  pesanteur  : 

1,33328  mdgadyTfie  par  centimetre  cwrri. 

La  pression  qui  devrait  6tre  adoptee  comme  unite  pratique  serait  done 
representee  par  une  colonne  de  mercure  de  75,003  cm.  k  0"^  et  dans  les 
conditions  indiquees  ci-dessus. 

Les  incertitudes  de  ce  nombre  portent  encore  : 

P  Sur  la  masse  du  decimetre  cube  d'eau  ; 

2°  Sur  la  densite  relative  du  niercue  et  de  Teau  ; 

3*^  Sur  la  valeur  normale  de  la  pesanteur. 

Les  deux  premieres  sont  encore  de  Fordre  de  deux  unites  du  troisi^me 
chiffre  decimal,  et  diminueront  avec  le  temps  ;  la  troisi^me  fait  intervenir 
un  doute  plus  grand,  si  Ton  consid^re  I'ensemble  du  Globe,  et  ce  doute  ne 
fera  probablement  que  s'accentuer  k  mesure  que  les  anomalies  seront  mieux 
etudiees. 

On  peut  conclure  de  ce  qui  precMe  que  I'unite  pratique  de  pression 
pourrait  dtre  representee  par  une  colonne  de  mercure  de  75,000  cm.  de 
hauteur  a  0°  sans  que  I'on  sorte  des  incertitudes  resultant  encore  des 
mesures,  et  surtout  de  celles  qui  sont  inherentes  au  probl^me  lui-m^me 
et  k  la  constitution  de  notre  globe. 

On  pourrait,  pour  diminuer  cette  incertitude,  renverser  le  probl^e. 
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et,  apr^  aToir  serr^  de  plus  pr^  la  valeur  de  la  masse  sp^ifique  du  mercure, 
adopter  one  valeur  normale  de  Facc^l^tion  de  la  pesanteur  telle  que 
VwnM  de  preseion  eoit  reprdsentie  rigoureusemeni  par  une  colonne  mer^ 
curielle  de  75  cm.  de  hatUeut,  Cette  adoption  n'aurait  rien  d'absurde 
puisque  les  g^od^ens  sont  d^  maintenant  impuissants  k  d^finir  une 
intensity  normale  de  la  pesanteur  sans  s'engager  dans  une  voie  arbitraire, 
et  puisque,  par  surcroit,  la  valeur  r^ultant  de  la  definition  ci-dessus 
serait  comprise  entre  les  valours  parmi  lesquelles  les  g^od^iens  pourraient 
choisir. 

Mais  on  pent  se  demander  si  une  telle  definition  est  devenue  n^cessaire 
pour  les  besoins  de  Funite  de  pression.  II  faut  distinguer,  en  effet,  deux 
cas  de  Temploi  de  cette  unite.  Toutes  les  fois  qu*une  precision  de  I'ordre 
de  1  /25  000  ne  devra  pas  ^tre  depass^e,  c'est-4-dire  dans  Timmense  majo- 
rite  des  applications,  Lbi  difference  entre  la  valeur  actuellement  la  plue 
probable  de  Tunite  de  pression  et  la  valeur  ronde  foumie  par  une  colonne 
de  mercure  de  75  cm.  est  enti^ment  n^ligeable.  Dans  les  cas,  en  petit 
nombre,  oi!i  une  haute  precision  est  exigee,  les  reductions  k  des  conditions 
normales  ne  pourront  pas  ^tre  faites  sans  que  Ton  connaisse,  au  lieu  mSme 
de  Fobservation,  la  valeur  de  Tacceieration  ;  celle-ci  devra,  dans  ce  cas, 
^tre  determinee  par  des  experiences  directes  et  tr^s  precises. 

Le  probieme  actuel  est  tr^s  analogue  k  tous  ceux,  en  nombre  bien  plus 
grand,  dans  lesquels  intervient  la  masse  sp^cifique  des  corps,  deduite  de 
leur  densite,  et  de  la  masse  specifique  de  I'eau.  Dans  toutes  les  applica- 
tions ordinaires,  cette  demi^re  est  admise  oomme  etant  egale  k  Tunite, 
tandis  que,  dans  les  calculs  tr^  precis,  il  est  necessaire,  en  principe,  de 
tenir  compte  de  la  tr^  petite  erreur  commise  dans  la  construction  du 
kilogramme. 

ExUfiaian, — II  reste  k  fixer  les  domaines  dans  lesquels  il  sera  utile 
d'employer  I'unite  rationnelle  de  pression,  et  c'est  \k  un  point  assez  deiicat. 
On  pent  s'attendre,  d'ailleurs,  k  ce  que  cette  unite  n'arrive  pas,  d^  le  debut, 
a  toute  I'extension  dont  elle  est  susceptible,  et  qu'elle  ne  gagne  que  de  proche 
en  proche  les  domaines  auxquels  elle  devra  s'appliquer ;  c'est  pourquoi, 
tout  en  reoommandant  son  adoption  aussi  umverselle  que  possible,  il 
faudra  s'attendre  ^  ne  la  voir  penetrer  que  peu  k  peu  dans  I'usage. 

Les  cas  bien  indiques  de  son  application  sont  tous  ceux  ou  n'inter- 
viennent  que  des  considerations  d'eiasticite,  dans  les  solides,  les  liquides 
et  les  gaz.  Par  une  extension  naturelle  on  y  oomprendra  les  phenom^nes 
osmotiques,  et  ceux  qui  en  derivent.  Mais  on  pent  se  demander  legitime- 
ment  s'il  serait  praticable  diopter  I'unite  rationnelle  comme  pression 
normale  en  meteorologie,  et  dans  la  determination  de  la  temperature  nor- 
male d'ebuUition  de  Feau  pour  la  fixation  du  point  supei:ieur  de  Fechelle 
thermometrique. 

Sur  ce  point  les  avis  peuvent  ^tre  tr^  partages.  D'une  part  on  pent 
cndndre  k  juste  titre  le  changement  dans  toutes  les  constantes  thermiques 
que  I'adoption  de  la  nouvelle  unite,  comme  pression  normale,  entratnerait 
avec  elle.  D'autre  part,  on  peut  se  demander  s'il  existe  un  lien  logique 
entre  les  deux  unites. 

Le  voisinage  de  Tatmosph^re  normale  et  de  I'unite  pratique  C.G.S. 
aurait  rendu,  il  y  a  un  certain  nombre  d'annees,  le  changement  facile,  et 
mSrne  on  peut  dire  que,  si  le  systt^me  C.G.S.  avait  6^  developpe  d^ 
les  debuts  de  Textension  du  syst^me  metrique,  la  megadyne  par  centi- 
metre carre  aurait  eu  bien  des  chances  d't'tre  adoptee  comme  pression 
normale.     Mais  la  definition  du  point  100  des  thermom^tres  repose  sur 
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des  considerations  pratiques,  et  sur  une  convention  tout  k  fait  arbitraire. 
Si  la  nouvelle  unite  de  pression  etait  tr^s  eioign^e  de  Tatmosph^re, 
la  question  ne  se  poserait  m^me  pas,  et  on  consid^rerait  comme  absurde 
de  definir  comme  temperature  normale  d'ebullition  de  Teau  celle  qui 
correspond,  par  exemple,  k  une  demi-atmosph^re  ou  k  deux  atmospheres. 

Done,  bien  que  par  des  raisons  de  simple  unification,  ou  des  raisons 
d'eiegance  scientifique,  on  ne  puisse  nier  qu'il  doive  6tre  plus  satisfaisant 
de  ne  poss^der  qu'une  seule  unite  de  pression,  il  ne  faut  pas  perdre  de  vue 
le  fait  que.  aussi  longteraps  qu'il  s'agit  simplement  de  la  thermometrie,  et 
des  mesures  qui  en  derivent  immediatement,  il  n'y  a  aucune  raison 
logique  qui  oblige  k  partir  d'utie  unite  de  pression  relieeau  syst^me  C.G.S. 
et  aucune  necessite  k  rattacher  le  point  de  depart  de  la  thermometrie  k 
des  considerations  dependant  de  I'eiastic  te. 

On  peut,  cependant,  envisager  le  probl^me  par  un  autre  c6te  particu- 
lier,  qui  militerait  en  faveur  d'une  seule  unite  pour  les  deux  domaines. 
Nous  admettons  comme  evident  que  les  constantes  eiastiques  des  liquides 
et  des  gaz  doivent  ^tre  exprimees  en  fonction  de  Tunite  rationnelle  de 
pression.  Les  diverses  constantes  definissant  Tetat  d'un  liquide  et  de  sa 
vapeur  en  fonction  de  la  temperature  et  de  la  pression  devront  done 
dependre  de  Funite  employee  pour  mesurer  cette  derni^re.  Ainsi,  la 
temperature  normale  d'ebullition  devra  logiquement  ^tre  donnee  sous  la 
pression  que  nous  considerons  comme  normale  ;  et,  si  nous  rapportons  les 
temperatures  k  celles  que  Ton  obtient  en  designant  par  100  celle  qui 
resulte  de  Tebullition  de  I'eau  sous  cette  m§me  pression,  la  loi  des  etats 
correspondants  se  presente  sous  une  forme  numeriquement  simple,  tandis 
que,  en  conservant  la  definition  ordinaire  du  point  100  de  la  thermo- 
metrie, cette  loi  se  presente  sous  une  forme  compliquee. 

II  resterait  seulement  k  examiner  si  la  simplification  resultant  de 
Tadoption  de  la  mSme  unite  dans  les  deux  cas,  adoption  qui  certainement 
serait  logique,  compense  la  perturbation  qui  resulterait  d'un  changement 
de  toutes  les  donnees  thermiques  accumuiees  depuis  un  si^cle. 

II  n'est  pas  inutile  de  rappeler  en  effet  que  le  changement  de  76  k  75 
cm.  de  mercure  modifierait  Tintervalle  fpndamental  de  0,4  degre  environ, 
et  les  temperatures  meteorologiques  ordinaires  d'une  quantite  de  Tordre 
du  dixi^me  de  degre.  II  est  vrai  que  ce  changement  serait  peu  sensible, 
puisque  la  reduction  au  thermom^tre  k  hydrog^ne,  encore  tr^s  incompl^te- 
ment  faite  en  meteorologie,  entratne  dej^  une  modification  du  m6me  ordre. 
IVautre  part  les  donnees  relatives  k  la  dilatation,  aux  chaleurs  specifiques, 
aux  chaleurs  de  combustion  et  de  combinaison,  les  points  de  fusion,  etc., 
seraient  deplaces  ou  modifies  de  4/1000  environ.  Seules,  les  temperatures 
d'ebullition  seraient  moditiees  dans  une  moindre  proportion,  puisque  la 
nouvelle  pression  leur  serait  appliquee. 

La  question  est,  comme  on  le  voit,  extrdmement  complexe.  Elle  peut 
se  resumer  en  i^es  termes  : 

II  est  uti  e  et  mSme  urgent  d'adopter  une  unite  de  pression  basee  sur 
le  syst^me  C.G.S.  Cette  unite  doit  Stre  egale  k  1  million  de  fois  Tunite 
fondamentale.  Pour  tous  les  besoins  de  la  pratique  courante,  et  mSme 
des  mesures  scientifiques,  k  Texception  des  mesures  de  haute  precision, 
cette  unite  peut  ^re  representee  par  une  colonne  de  mercure  de  75  cm. 
de  hauteur  k  0®  et  dans  les  conditions  de  la  pesanteur  encore  envisagees 
comme  normales  par  les  physiciens.  Pour  les  mesures  tr^s  precises,  il  est 
necessaire  de  connaitre  Tintensite  de  la  pesanteur  au  lieu  de  Tobservation, 
afin  de  pouvoir  exprimer  reellement  la  pression  en  unites  C.G.S. 
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La  nouvelle  unit^  doit  s'appliquer  k  tous  les  cas  de  I'^lasticit^.  H 
oonTient  de  ne  prendre  aucune  d^ision  pour  la  thermom^trie  avant  d'avoir 
approfondi  dWe  part  les  simplifications  qui  r^ulteraient  pour  la  physique 
des  fluides  et  notamment  la  loi  des  ^tats  correspondants  de  Temploi  d'une 
seule  unit^,  et,  d'autre  part,  la  perturbation  qulntroduirait  dans  la 
thermom^trie  et  les  sciences  d^riv^  un  changement  des  bases  de  I'^helle 
des  temperatures.  

Alloys, — Report  of  the  Committee,  consisting  of  Mr.  F.  H.  Neville 
(Chairmcm  and  Secretwry),  Mr.  C.  T.  Heycock,  and  Mr.  E.  H. 
GRIFFITHS,  (appointed  to  investigate  the  Nature  of  Alloys. 

The  (Committee  on  alloys  beg  leave  to  report  that  Messrs.  Heycock  and 
Neville  have  been  continuing  their  study  of  the  copper-tin  alloys. 

A  preliminary  statement  of  the  results  obtained  has  been  published 
in  the  *  Proceedings  of  the  Royal  Society,*  vol.  IxviiL  1901,  pp.  171-178. 
A  fuller  account  will  be  presented  to  the  Royal  Society  shortly  ;  in  the 
meantime  the  following  summarises  their  conclusions. 

The  work  has  been  directed  towards  a  verification  of  Roozeboom's 
theory  of  solid  solutions  in  its  application  to  the  copper-tin  alloys. 
Pyrometric  observations  have  shown  that  when  one  of  these  alloys  cools 
from  a  high  temperature  at  which  it  is  completely  liquid  there  is  often 
an  evolution  of  heat,  not  only  at  the  freezing  point,  but  also  at  one  or 
more  temperatures  far  below  that  of  solidification.  This  is  well  seen  in 
the  cooling  curves  published  by  Sir  William  Roberts- Austen  and  Dr. 
Stansfield  some  years  ago  in  their  reports  on  alloys.  We  have  found  it 
convenient  to  repeat  some  of  these  cooling  curves,  which  show  very  well 
the  remarkable  nature  of  these  lower  halts  and  the  large  amount  of  heat 
evolved  at  them.  Roberts- Austen  and  Stansfield  have  shown  in  their 
fourth  report  on  alloys,  and  more  recently  in  their  paper  on  alloys  pub- 
lished in  the  '  Proceedings  of  the  Congr^  IntemationsJ  de  Physique,'  that 
if  a  continuous  line  in  the  concentration  temperature  diagram  be  drawn 
through  these  lower  halts  a  curve  is  obtained  very  similar  to  a  freezing- 
point  curve.  We  have  reproduced  this  curve  so  far  as  our  cooling  curves 
enable  us  to  do  so,  and  in  the  figure  the  line  C'XD'YE'  is  a  copy  of  this 
curve.  Our  cooling  curves  and  the  C'£'  curve  have  a  certain  value  as 
confirming  the  original  ones  of  Roberts- Austen  and  Stansfield,  but  we  are 
not  prepared  to  say  that  they  contain  anything  new  ;  in  fact  our  C'E' 
curve  is  incomplete.  We  traced  these  curves  because  they  were  needed 
for  our  later  work. 

In  our  figure  the  upper  curve  ABODE  is  the  freezing-point  curve — ^the 
'  liquidus '  curve,  as  Roozeboom  calls  it.  The  dotted  line  Ablcde  is  a 
rough  drawing  of  the  '  solid  us '  curve  of  Roozeboom  so  far  as  our  experi- 
ments determine  it.  This  curve  is  defined  by  the  statement  that  when 
the  temperature  of  an  alloy  falls  below  the  *  solid  us '  it  sets  to  a  solid 
mass  ;  the  *  solidus  *  might  in  fact  be  called  the  melting  point  curve.  The 
dotted  line  IQ'  is  a  continuation  of  Roberts- Austen  and  Stansfield's  curve. 
The  numbers  at  the  base  of  the  figure  give  the  atomic  percentages  of  tin 
contained  in  the  alloys,  so  that  DD'  on  the  20  line  corresponds  to  Ou^Sn, 
and  £E'  to  OujSn.  As  will  be  seen,  the  figure  does  not  deal  with  alloys 
much  richer  in  tin  than  the  latter  formula. 

As  a  microscopic  study  of  the  alloys,  made  in  conjunction  with  a  study 
of  the  freezing-point  curve,  has  proved  that  in  many  cases  the  structure 
of  the  alloys  could  not  possibly  have  arisen  during  solidification,  but 
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must  have  had  its  origin  at  lower  temperatures,  we  have  attempted  to 
obtain  a  permanent  record  of  the  structure  of  the  alloys  at  different  stages 
of  temperature  by  cooling  them  slowly  from  a  molten  state  to  selected 
temperatures,  and  then  chilling  them.  When  an  alloy  had  solidified 
before  the  moment  of  chilling,  the  subsequent  changes  in  structure  are 
generally  very  minute,  often  sub-microscopic,  even  if  they  take  place  at 
all.  It  may  be  doubted  whether  the  chilling  does  absolutely  prevent  the 
later  changes,  but  it  enables  us  to  distinguish  the  large  scale  structures 
already  existing  before  the  chill  from  the  necessarily  much  more  minute 
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structure  formed  during  and  after  the  chilling.  We  are  thus  by  chilling, 
polishing,  and  etching  able  to  form  very  trustworthy  conclusions  as  to 
the  structure  of  an  alloy  immediately  before  it  was  chilled. 

Numerous  experiments  of  this  kind  show  that  an  alloy  chilled  in  the 
region  of  temperature  between  the  solidus  and  liquidus  contains  large 
primary  combs  which,  from  their  size,  must  have  been  formed  before  the 
chilling;  and  that  between  them  one  often  sees  a  crop  of  minute 
primaries  similar  to  the  large  ones,  but  formed  during  the  chilling. 
When  the  polished  surface  of  a  section  of  alloy  is  heated  in  the  air  the 
combs  oxidise  more  rapidly  than  the  mother  substance  in  which  they  are 
imbedded.  They  are  also  softer  than  the  ground,  for  by  prolonged 
polishing  they  are  eaten  out  into  a  pattern*     These  peculiarities,  as  well 
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as  the  behsTioar  of  the  alloys  to  etching  reagents,  make  it  certain  that 
the  combs  are  richer  in  copper  than  the  average  of  each  alloy  or  than  the 
mother  substance  round  them.  The  alloys  chilled  between  the  liquidus 
and  the  solidus  were  partially  liquid  at  the  moment  of  chilling,  and  as 
the  chill  was  effected  by  dropping  the  alloy  into  water,  the  result  was 
often  to  granulate  the  alloy  ;  one  always  finds  in  these  chills  more  or 
less  of  a  tin- rich  mother  substance.  Alloys  which  had  been  cooled  below 
the  solidus  before  chilling  are  never  granulated,  and  never  show  the 
second  crop  of  primaries ;  they  must  have  been  solid  before  the  chill. 
Moreover,  in  the  case  of  the  AB  alloys,  when  chilled  below  the  solidus, 
the  primaries  fill  the  alloy  ;  a  sure  proof,  as  it  seems  to  us,  that  an  alloy 
becomes  solid  when  its  temperature  &lls  below  the  solidu&  This  is  still 
more  marked  in  the  case  of  the  LODE  alloys,  for  if  these  are  chilled  below 
the  solidus,  but  above  Roberts-Austen  and  Stansfield's  curve,  they 
appear  to  be  homogeneous,  though  sometimes  lines  can  be  seen  dividing 
the  area  of  the  etched  surfaces  into  irregular  polygons.  Below  the 
solidus  the  primaries  are  lost,  not  because  they  cease  to  exist,  but 
because  they  have  completely  filled  the  alloy  and  assimilated  the  mother 
substance  in  which  they  grew.  It  appears,  therefore,  that  each  of  these 
aUoys  is  an  approximately  uniform  mixed  crystal  phase  when  its  tem- 
perature lies  between  the  solidus  and  Roberts- Austen  and  Stansfield's 
curve.  On  the  other  hand,  alloys  whose  percentages  lie  between  B  and  L 
do  not  solidify  homogeneously.  If  chilled  below  the  blC  line  they  are  solid, 
but  they  contain  copper-rich  primary  combs  imbedded  in  tin-rich  mother 
substance  ;  near  B  the  combs  preponderate,  but  with  more  tin  the 
mother  substance  grows  until  at  the  percentage  of  L  it  forms  the  bulk, 
and  in  certain  chills  the  whole  of  the  alloy.  Moreover,  if  chilled  above 
(y  the  mother  substance  appears  uniform,  while  below  C  it  breaks  up 
into  a  minute  eutectic  of  two  bodies.  Successive  chills  of  one  of  these 
alloys  at  a  series  of  temperatures  from  blC  to  C  show  a  remarkable 
growth  of  the  primaries.  For  example,  in  the  chills  of  Suj^  taken  close 
to  bIC  the  combs  of  copper-rich  primary  are  scanty  and  the  lobes  are 
rounded,  but  as  the  chilling  temperature  is  lowered  the  combs  grow  and 
become  more  angular  and  fantastic.  Alloys  between  L  and  C  show 
copper-rich  primaries  if  chilled  above  Ic,  but  these  vanish  in  the  chills 
between  Ic  and  /C,  while  when  the  temperature  falls  below  the  curve 
icy  a  new  copper-rich  crystallisation  appears.  Photographs  of  the  alloy 
Cug(;.5Sni3.5  are  enclosed  which  illustrate  these  features. 

In  the  same  way,  the  CD  alloys  which  show  copper-rich  primaries  if 
chilled  above  cd,  and  are  uniform  solid  solutions  between  cd  and  CD', 
are  found  to  contain  a  tin-rich  crystaUisation  of  bands  and  rosettes  if 
chilled  below  tlie  latter  curve.  The  photographs  4,  5,  and  6  of  the  paper 
published  in  the  *  Royal  Society  Proceedings,'  plate  3,  vol.  Ixviii.,  reproduce 
these  facts.  The  alloys  of  the  branch  DE,  and  beyond,  present  very 
similar  phenomena.  They  solidify  in  the  narrow  range  of  temperature 
between  DE  and  csfe,  but  the  solid  solutions  of  the  region  below  de  are 
very  unstable,  and  the  habit  of  crystallisation  of  the  solid  phase  that 
separates  out  along  D'E'  differs  from  that  of  the  branch  XD',  a  minor 
change  showing  itself  near  T. 

Thus  we  see  that  Roberts- Austen  and  Stansfield's  curve,  in  its  relation 
to  the  physical  or  chemical  changes  it  indicates,  closely  resembles  a  freezing- 
point  curve,  except  that  above  it  there  is  an  unsaturated  solid  solution, 
instead  of  the  region  of  unsaturated  liquids  that  lies  above  a  freezing-point 
curve.     The  points  on  the  curve  correspond  to  saturated  solids,  while 
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below  the  curve  the  saturation  has  broken  down,  and  the  solid  solution 
has  separated  into  two  solid  phases.  Just  as  would  be  the  case  with  a 
freezing-point  curve,  the  phase  which  first  crystallises  on  the  descending 
branch  ICy  is  copper-rich,  while  that  of  the  ascending  branch  X  E'  is  tin- 
rich.  Moreover,  when  the  temperature  falls  to  the  eutectic  angle  Cy  or  X, 
the  residual  matter  breaks  up  into  the  solid  eutectic,  apparently  common 
to  all  the  alloys  from  B  to  D. 

The  solid  at  D'  is  practically  homogeneous  even  after  the  transforma- 
tion of  the  lower  curve  has  taken  place  ;  that  is,  the  slowly  cooled  alloy 
here  contains  one  phase  :  this  may  be  the  compound  Cu4Sn.  The  slow 
cooled  alloy  at  E  is  also  homogeneous,  although  when  barely  solid  it  is  far 
from  being  so.  There  can  be  hardly  any  doubt  that  this  alloy  when 
slowly  cooled  or  chilled  below  E'  is  the  pure  compound  CuaSn  ;  but  be- 
tween the  temperatures  E'  and  e  this  body  may  possibly  not  exist,  and 
above  e  it  ceitainly  does  not.  This  decomposition  of  the  CusSn  at  or 
even  before  melting  explains  why  the  freezing-point  curve  has  no  summit 
corresponding  to  a  body  which  almost  certainly  exists  in  the  slowly 
cooled  alloys.  It  would  be  worth  while  to  examine  the  changes  in  the 
electrical  resistance  of  these  alloys  when  chilled. 

Alloys  containing  somewhat  more  tin  than  CuaSn  go  through  similar 
changes  as  they  cooL  They  solidify  completely  at  temperatures  that  are 
not  more  than  30  or  40  degrees  below  their  freezing  point,  the  first 
matter  solidifying  being  richer  in  copper  than  the  alloy  as  a  whole.  When 
just  solid  the  alloys  appear  to  be  uniform,  and  they  remain  so  until  their 
temperature  falls  to  Roberts- Austen  and  Stansfield's  curve,  at  which  point 
a  solid,  that  may  be  CuaSn,  crystallises  out  of  the  solid  solution  in  long  bars. 
These  bars  do  not  entirely  fill  the  alloy,  but  are  surrounded  by  mother 
substance  which  grows  in  bulk  with  increasing  percentage  of  tin. 

The  structure  of  the  chilled  alloys  shows  many  other  interesting 
features  which  the  authors  hope  to  discuss  at  a  future  time. 


Isomorphous  Derivatives  of  Betvzene, — Second  Report  of  the  CommiUeef 
consisting  o/ Professor  H.  A.  Miers  (Chairman),  Dr.  W.  P.  Wynne, 
and  Dr.  H.  E.  Armstrong  (Secreta/ry).  (Brawn  up  by  the  Secre- 
tary.) 

The  investigation  of  the  1:3:5  series  of  sulphonic  chlorides  and  bromides 
derived  from  1  :  3  dichloro-,  dibromo-  and  chlorobromo-benzene  has  been 
continued  during  the  past  year  and  is  almost  completed.  The  results 
confirm  and  extend  those  previously  arrived  at,  but  also  show  that  it  will 
be  necessary  to  study  very  carefully  the  dependence  of  the  crystalline 
form  on  temperature  and  solvent.  Progress  has  been  made  in  preparing 
material  for  the  examination  of  the  1:2:3  series,  the  third  set  to  which 
the  1  :  3  di-derivatives  can  give  rise ;  and  the  sulphonic  derivatives  of  the 
1  :  2  dichloro-,  dibromo-  and  bromochloro-benzenes  are  also  under  inves- 
tigation. 

The  crystallographical  relationship  of  corresponding  methyl-,  ethyl-, 
propyl-  and  butyl-benzene  sulphonic  derivatives  is  also  being  made  the 
subject  of  study,  with  a  view  to  determine  the  alteration  in  crystalline 
form  produced  on  introducing  homologous  hydrocarbon  radicles  into 
benzenesulphonic  acid.  The  results  thus  far  obtained  show  that  a  very 
thorough  examination  of  the  series  will  be  required  to  bring  to  light  the 
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real  character  of  the  relationship,  which  is  apparently  of  a  less  simple 
character  than  that  met  with  in  the  case  of  corresponding  halogen  deri- 
vatives. 


On  Wave-length  Tables  of  the  Spectra  of  the  Elements  and  Compounds, 
— Report  of  the  Committee,  coTisistiiig  of  Sir  H.  E.  RoscoE  (Chair- 
man),  Dr.  Marshall  Watts  (Sea-eiary),  Sir  J.  N.  Lockyer,  Pro- 
fessor J.  Dewar,  Professor  G.  D.  Liveing,  Professor  A.  Schdster, 
Professor  W.  N.  Hartley,  Professor  Wolcott  Gibbs,  and  Captain 
Sir  W.  DE  W.  Abney. 


Gold,  Spark  Spectram,  p,  79. 
Bdanganese,  Arc  Spectram,  p.  89. 
Silicon,  Spark  Speotrnm,  p.  96. 


Argon,  Vacuum-tube  Spectrum,  p.  97. 
Vanadium,  Arc  Spectrum,  p.  100. 


Gold. 

Ultra-violet  Spark  Spectrum. 

Eder  and  Valenta,  *  Denkschr.  kaiserl.  Akad.  Wiasensch.  Wien/  Ixviii.  1899. 
Ezner  and  Hasohek,  *  Sitzber,  kaiserl  Akad.  Wissensch.  Wien/  cvii.  1898. 

*  Observed  in  the  Arc-spectrum  by  Kayser  and  Runge. 

f  Wave-lengths  enclosed  within  braekets  are  from  Eder  and  Valenta's  previous 
list  of  1896. 


Reduotion 

Wave-length 

Intensity 
and 

to  Vacuum 

Oscillation 
Frequency 

, 

Eder  and  Valenta 

Exner  and  Haachek 

Character 

A  + 

1 

in  Vacuo 

4803-4 

lb 

1-31 

5-7 

20813 

t  (4792-79) 

•  4792-79 

4r 

♦f 

tt 

858-9 

(    60-34) 

60-87 

In 

1-30 

6-8 

21006-4 

— 

00-4 

In 

1-29 

6-9 

275 

(4683-84) 

4683-77 

1 

1-28 

tt 

344-4 

(    07-80) 

07-72 

3 

12-6 

60 

696-7 

(458791) 

46880 

lb 

tt 

*t 

789 

(     5905) 

691 

lb 

1-25 

61 

960 

(     49-64) 

49-7 

lb 

It 

tf 

986 

— 

44991 

In 

123 

It 

22221 

(4488-43) 

♦      88-45 

4r 

t> 

6-2 

273-2 

— 

76-7 

In 

tf 

It 

360 

(    37-37) 

♦     37-60 

2r 

1-22 

It 

5290 

— 

31-3 

In 

t* 

tt 

547 

(     20-69) 

20-80 

2r 

1-21 

6-3 

623-2 

(     10-56) 

10  6 

In 

i» 

It 

667 

— 

00-6 

In 

f» 

>t 

718-7 

(4395-72) 

4396-6 

lb 

»» 

tt 

721 

(    1534) 

1637 

8r 

118 

6-4 

23171-9 

42780 

In 

117 

6-6 

369 

(426001) 

60-06 

2 

»» 

•t 

477-8 

(    41-96) 

♦     4200 

2 

116 

66 

5671 

— 

26-89 

2ca 

t) 

^^ 

651-4 

(    21-87) 

2200 

In 

If 

tf 

678-8 

(417290) 

4173-02 

2 

1-15 

6-7 

956-7 

(408995) 

4089-9 

lb 

1-12 

6-9 

24449 

(    84-31) 

*     84-30 

2 

»i 

tt 

460-9 

♦  4792-79,  4488  46,  3744,  424199,  408426. 
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Gold — continued. 


Wave-length 

Intensity 

and 
Character 

Redaction 
to  Vacnom 

Oscillation 
Frequency 

1 

Eder  and  Valenta 

Exner  and  Hasohek 

X  + 

x" 

in  Vacuo 



4083-49 

2 

1-12        6-9 

24481-9 

— 

77-83 

1 

j^ 

tt 

521-6 

(4076-60) 

76-52 

1 

»i 

tf 

623-8 

(     65-20) 

♦     66-26 

15- 

>» 

ft 

691-8 

— 

61-2 

lb 

*» 

If 

606 

— 

670 

lb 

»t 

tt 

642 

(    630  ) 

53-01 

7 

1-11 

ft 

666-1 

(     41-07) 

♦     41-06 

3s 

t) 

7-0 

738-9 

301 

2b 

»» 

tf 

801 

(    28-66) 

28-63 

1 

9> 

tt 

815-3 

(    20-86) 

20-87 

1 

»» 

It 

863-0 

(     16-27) 

16-28 

5r 

9t 

tt 

891-7 

(     12-87) 

12-8 

In 

110 

ft 

913 

— 

12-35 

In 

»» 

916-3 

— 

02-6 

lb 

tf 

7-1 

999 

(     01-60) 

01-7 

lb 

tt 

ft 

998 

(3986  48) 

3986  48 

1 

f» 

If 

25077-8 

(    8604) 

861 

In 

>» 

ft 

075 

(    7972) 

79-74 

2n 

»t 

ft 

1201 

(    76-80) 

76-77 

2n 

1» 

ft 

188*9 

(    59-36) 

6931 

2 

109 

tt 

249-8 

(    45-19) 

46-2 

In 

f) 

72 

328 

33-80 

4Ca 

1-08 

It 

425-0 

(    3316) 

331 

lb 

»» 

n 

412 

(    27-82) 

27-84 

3 

»» 

It 

452*1 

(    16-15) 

16-2 

2b 

tt 

ft 

616 

(    1603) 

14-93 

In 

It 

ti 

636-0 

(    09-60) 

♦     09-54 

Is 

•  tt 

ft 

671-2 

(389803) 

♦  3898-1 

lOr 

tt 

7-3 

641 

— 

90-66 

In 

107 

If 

695-9 

(    8968) 

89-61 

In 

t* 

f» 

702-2 

— 

83-47 

1 

It 

» 

742-9 

(     80-34) 

80-45 

2 

tt 

tt 

.762-9 

(     77-45) 

77-42 

2 

tt 

II 

783-0 

(     74-96> 

74-90 

3 

tt 

ft 

799-8 

(    65-70) 

66-70 

In 

tt 

ff 

861-2 

— 

60-8 

In 

tt 

It 

894 

(     59-53) 

59-60 

In 

tt 

902-8 

(    55-60) 

66-62 

In 

106 

It 

929-6 

(    53-76) 

5372 

2n 

It 

ff 

941-6 

— 

491 

In 

tt 

973 



47-62 

In 

tt 

ft 

982-8 

(    45-02) 

4502 

2n 

»t 

ft 

26000-4 

44-42 

In 

n 

tt 

004-4 

— 

42-8 

In 

It 

015 

(    37-70) 

37-7 

lb 

tt 

050 



36-62 

In 

tt 

057-3 



36-40 

In 

tt 

065-6 



32-50 

In 

tf 

086-3 

(    31-31) 

31-27 

In 

ft 

093-7 

(    29-52) 

29-60 

In 

»t 

f* 

104-8 

(    28-56) 

28-4 

lb 

»f 

ff 

114 

(     26-87) 

26-87 

3n 

ft 

It 

130-5 

24-6 

In 

tt               tt 

140 

(    23-20) 

2312 

2n 

., 

ff 

149-3 

♦  4065-22,  4107,  3909-64,  3898-04. 


Digitized  by 


Google 


OK  WAVE-LBNGTB  TABLES  OF  TBE  SPECJtIU  OF  TBE  ELEMENTS. 


81 


QOLD — continued. 


WaTe-length 

Eder  uid  Valentft 

(382211) 

3822-06 

(    20-46) 

20-40 

(     16-60) 

16-42 

^p. 

10-07 

___ 

081 

(    06-96) 

07-1 

^.^ 

06-5 

(    04-22) 

04-20 

(    00-76) 

00-60 

(3799-44) 

3799-4 

__ 

98-16 

(    96-16) 

9610 

96-4 

__ 

94-4 



98-0 



91-93 

^_ 

88-8 

(    87-87) 

87-4 

_^ 

86-4 

(    80-13) 

8014 

..„ 

73-36 

(    71-12) 

71-1 

(    7014) 

70-1 

(    66-76) 

66-73 

(    6610) 

66-0 

(    63-10) 

63-1 

(    69-03) 

691 

(    54-86) 

64-8 

(    62-90) 

62-8 

(    46-6  ) 
(    32-68) 

46-1 

82-6 

31-8 

(    30-92) 

810 

(     18-02) 

18-0 

14-2 

__ 

09-8 

(    08-30) 

08-3 

(    06-99) 

06-96 

(    02-49) 

02-50 

(3698-66) 

3698-6 

(    96-68) 

96-6 

(    94-14) 

94-1 

(    90-18) 

90-2 

(    87-60) 

87-6 

^ 

83-00 

(    81-89) 

81-60 

_ 

80-9 

(    77-62) 

77-7 

(    76-62) 

76-6 

(    76-U) 

76-0 

(    72-93) 

72-9 

(    71-34) 

71-8 

(    5806) 

58-2 

1            (    C7-35) 

67-2 

1            (    64'66) 

64-8            . 

Intensity 

and 
Charaoter 


8n 

In 

2n 

In 

lb 

lb 

lb 

6 

In 

In 

In 

2n 

lb 

lb 

In 

1 

In 

In 

In 

2n 

2 

In 

lb 

2 

In 

In 

lb 

lb 

lb 

In 

In 

In 

In 

In 

In 

In 

In 

3n 

In 

lb 

lb 

lb 

lb 

lb 

In 

In 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

In 


Reduction  to 
Vaeanm 

X+ 

1_ 

106 

7-8 

1-06 

7-4 

t» 

II 

ft 

•» 

♦t 

II 

f« 

II 

ff 

II 

i» 

•1 

»t 

M 

II 

»• 

If 

II 

i» 

II 

»» 

•9 

»» 

II 

f> 

•» 

t> 

H 

»» 

91 

If 

II 

•• 
1-04 

II 

♦1 
II 

7-6 

t> 

♦1 

fi 

91 

(1 

l> 

i» 

II 

II 

II 

II 

11 

II 

II 

II 
1-03 

If 
II 

II 

II 

II 

l» 

II 
II 

II 

7-6 

II 

II 

II 

19 

II 

n 

99 

II 

II 

1-02 

II 
11 

•1 

II 

II 

II 

II 
II 

7-7 

•1 

n 

91 

II 

It 

91 

»l 

t» 

II 

11 

•1 

II 

l» 

II 

II 

1-01 

:: 

1901. 


Oscillation 
Freqnenoy 
in  Vaeno 


26166-7 
168*0 
196-1 
238-8 
246 
263 
268 
267-0 
304-9 
812 
321-2 
836-4 
340 
847-2 
357 
864-4 
890 
896 
410 
448-6 
494-0 
504 
511 
642-7 
663 
660 
696 
626 
639 
687 
783 
789 
797 
887 
916 
948 
969 
968-7 

27001-2 
030 
062 
063 
091 
110 
144-1 
164-4 
160 
183 
191 
203 
219 
231 
828 
835 
354 
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Gold-— continued. 

Reduction  to  1 

Wave-length 

Intensity 
and 

Vacuum      j 

Oscillation 
Freauency 
in  Vacuo 

Character 

1^ 

Eder  and  Valenta 

Exner  and  Haschek 

A  + 

X 

(3654-22) 

3654-4 

In 

101 

7-7 

27357 

(    53-93)1 
(    53-66)/ 

53-70 

2n 

»i 

II 

361-8 

__ 

50-95 

1 

»» 

•> 

382-4 

(    49-25) 

4925 

2n 

i 
♦»      ,      »» 

395-2 



45-1 

lb 

»i 

II 

426 

(    42-66) 

42-6 

lb 

« 

II 

445 

(     37-57) 

37-6 

lb 

It 

7-8 

483 

(    36-21) 

36-35 

2n 

♦» 

«i 

499-9 

_ 

34-84 

2 

It 

II 

503-7 

__ 

34-40 

1 

♦f 

507-1 

(    33-40) 

33-40 

5s 

»» 

II 

514-6 

(    32-81) 

32-8 

In 

»» 

II 

519 

__ 

31-6 

In 

f> 

„ 

528 

(    3102) 

31-0 

In 

i» 

11 

533 

___ 

23-9 

In 

i» 

II 

587 

(    23-73) 

23-6 

In 

>» 

It 

589 

(    22-93) 

22-9 

In 

»> 

*> 

594 

20-5 

lb 

»i 

>f 

613 

(    1417) 

14-20 

3n- 

1-00 

„ 

660-8 

09-74 

2 

>f 

»i 

696-0 

(    07-69) 

07-70 

2n 

u 

•1 

710-7 

(    04-94) 

Ofi-0 

In 

t> 

t» 

731 

(    0M7) 

01-22 

2n 

1> 

It 

760-6 

(3598-28) 

3698-20 

In 

„ 

fi 

783-9 

(    94-20) 

94-31 

In 

•> 

7-9 

813-9 

(    91-90) 

9203 

In 

1* 

t> 

831-5 

90-52 

In 

f> 

It 

843-2 

(    ^-66) 

86  84 

5n- 

»» 

II 

871-8 

(    56-58) 

555 

2n 

0-99 

» 

28117-6 

(    53-72) 

♦     53-70 

3n 

»» 

II 

131-8 

6165 

1 

»i 

80 

147-9 

(    49-26) 

49-2 

lb 

» 

„ 

167 

(    48-26) 

48-20 

1 

»> 

II 

175-3 

(    28-25) 

281 

2n- 

0-98 

If 

336 

(    23-42) 

23-50 

1 

t* 

II 

372-9 

(3492-99) 

349302 

In 

0-97 

81 

620-4 

(    87-34) 

87-33 

In 

>» 

It 

667-1 

87-1 

m 

It 

>» 

669 

81-35 

In 

»i 

»> 

716-4 

(    To-47) 

70-5 

In 

«> 

8-2 

806 

60-8 

m 

»» 

ft 

887 



57-05 

m 

0-96 

t» 

918-2 

(    52-27) 

52-4 

lb 

If 

tf 

967 

41-5 

In 

II 

»f 

29049 



21-37 

1 

II 

8-3 

219-8 



04-73 

1 

0-95 

ft 

362*6 



04-05 

In 

i» 

368-5 

(3383-05) 

3383-06          ;        2 
82-6            t        In 

II 
•t 

8-4 

550-6 
655 

(    82-26) 

82-1            1        In 

II 

i 
ft 

559 

(    68-61) 

58-6                    lb 

0-94 

8-5 

767 

(    55-35) 

56-29          1        1 

II 

n 

795-2 

(    08-36) 
(3280-72) 

♦    08-43                   1 

0-98 

8-6 

30217-2 

3280-85                  2  i  J 

0-92 

8T 

471-2 

*  3563-72,  3308-42. 
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Wave- 

length 

Litensity 

and 
Charaoter 

Reduction 
to  Vacuum 

1 

1      Oscillation 
'      Frequencj 
in  V  acuo 

Eder  and  Valenta 

Ezner  and  Hascbek 

Af 

!  1^ 

A. 

(3273-84) 

3274-1 

ICu 

0-92 

8-7 

30634 

(    6518) 

♦    66-20 

1 

f> 

i> 

617-3 

— 

47-65 

1 

0-91 

8-8 

782-7 

— 

42-8 

In 

» 

>i 

829 

(     30-73) 

♦    30-76 

2n 

f) 

•> 

943-7 

(    280  ) 

28-16 

In 

ft 

II 

968-7 

(    21-94) 

22-0 

lb 

t» 

II 

31028 

(    04-75) 

*    04-8 

lb 

0-90 

8-9 

194 

(3194-90) 

♦3194-9 

lb 

>t 

II 

291 

(    56-73) 

66-78 

1 

0-89 

9-0 

668-8 

(    22-88) 

*    22-97 

6 

0-88 

9-1 

32011-7 

— 

22-63 

6s 

tt 

i> 

015-2 

(3033-35) 

•3033-3 

lb 

0-86 

9-4 

968 

(    29-32) 

♦    29-31 

2 

»» 

,, 

33001-4 

(     15-93) 

16-97 

1 

0-86 

9-5 

147-8 

— 

2995-09 

3 

It 

9-6 

378-4 

— 

90-42 

48 

ft 

II 

430-5 

— 

8225 

1 

0-84 

II 

5221 

(2964-64) 

54-51 

3 

M 

9-7 

836*9 

(     32-33) 

•    32-32 

2 

0-88 

9-8 

34092-9 

(     18-48) 

18-52 

In 

It 

9-9 

254-0 

13-63* 

13-68 

9s 

II 

„ 

3U-8 

07-18 

0719 

48 

II 

„ 

387-6 

0807* 

0606 

2n 

It 

400^ 

2893-51 

2893-55 

3n 

0-82 

10-0 

649-9 

9206* 

92-07 

2n 

»» 

It 

567-4 

85-68 

85-72 

2 

II 

648-6 

83-69» 

83-67 

3 

II 

t> 

669-1 

64-63 

64-6 

lb 

0-81 

101 

889 

60-80 



In 

If 

II 

945-2 

67-04 

57-00 

2n 

»i 

991-4 

62-65 



2b 

If 

II 

350450 

62-30 

— 

In 

»» 

»l 

049-3 

47-23 

47-20 

3n 

1 

10-2 

Ul-8 

38-16 

38-13 

68 

If 

II 

2241 

35-55 

36-5 

28 

!♦ 

•1 

257 

33-16 

3317 

28 

II 

286-0 

25-66 

26-68 

6s 

»» 

It 

380-9 

22-87 

22-85 

5 

0-80 

10-3 

414-9 

20-11 

20-11 

9n 

II 

It 

449-4 

05-44 

05-40 

2 

II 

It 

6351 

02-35 

02-30 

108 

II 

674-5 

2796-63 

2796-73 

2 

II 

10-4 

7691 

80-93 

80-96 

3s 

0-79 

II 

948-6 



49-0 

In 

i» 

10-6    1 

36366 

48-36» 

48-35 

5s 

It 

II 

374-9 

45-80 



Is 

i» 

II 

408-7 

43-27 



Is 

i» 

442-2 

32-14 

3210          i 

2s 

0-78 

II 

5910 

21-96 

21-94 

2s 

.. 

10-7 

727-7 

— 

06-13 

1 

,, 

942-4 

03-44            i 

03-61 

2fi 

II 

„ 

978-7 

— 

02-64 

— 

»« 

10-8 

991-4 

*  3265-18,  30-78.  04-81,  3194-82,  22-88,  3038-38,  29-32,  2982-33,  2913'63,  2906-98, 
2892-07,2883-56,2748-361. 
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Wave-length 

Intensity 
and 

Bednc 
Vac 

tionto 
umn 

Oscillation 

Freouenoy 

Eder  and  Valenta 

Exner  and  Haschek 

Character 

A  + 
0-7S 

1 
A 

in  Vacuo 

2701-01* 

2701-03 

3s 

108 

37012-2 

2699-4 

— 

In 

'♦           i» 

034-5 

97-8 

— 

Is 

n              u 

056 

94-40* 

— 

2s 

M                         t> 

103-2 

90-5 

— 

In 

157 

88-80* 

2688-82 

4s 

0-77   r, 

180-2 

88-26 

88-26 

38 

>t         i        » 

188-0 

8T-73 

87-73 

48 

t»               ft 

195-3 

86-0 

— 

In 

If         1         *> 

219 

82-3 

— 

In 

271 

•   .  76-08* 

76-10 

12s 

1» 

10-9 

3571 

72-3 

— 

1 

*t 

410 

70-7 

— 

1 

1, 

482-6 

67-09 

6709 

2s 

tt 

4831 

66-28 

65-25 

2s 

l« 

i« 

609-0 

— 

69-57 

Is 

ti 

589-2 

51-2 

— 

Is 

0-76 

11-0 

708 

45-5 

— 

2b 

789 

41-65 

41-66 

6s 

)i 

845-4 

35-4 

— 

In 

)) 

984 

34-4 

— 

In 

948 

31-7 

— 

In 

M                  111 

987 

2714 

2709 

3s 

*t                         ff 

38053-8 

25-60 

25-60 

2s 

tt                        M 

075-4 

24-2 

— 

2b 

096 

220 

— 

2n 

^^ 

128 

17-68 

17-48 

2s 

193-6 

16-69 

16-62 

3n 

2061 

12-8 

— 

In 

f» 

262 

11-9 

— 

In 

276 

10-36 

10-4 

m 

•'                      U 

297 

09-61 

09-60 

2b 

0-76 

11 

309-0 

07-4 

— 

In 

.J 

11-2 

341 

060 

— 

In 

377 

2599-5 

2699-5 

2s 

458 

92-18 

92-20 

2s     , 

" 

6661 

90-18* 

9018 

48 

696*2 

83-5 

— 

2n 

ff 

11-3 

696 

80-1 
79-4 



In 
In 

>i 

II 

747 
767 

77-7 
76-3 

z 

In 
In 

II 

II 

783 
819 

71-4 

— 

2n 

878 

65-80 

65-80 

4s 

;;  'ii-4 

962-8 

62-7 

— 

2s 

0-74    ,      „ 

39010 

61-9 
58-0 

__ 

In 
2n 

II      1      tf 

023 

082 

52-92 

52-9 

2s 

I 

159-6 

50-28 

50-3 

2s 

" 

199-8 

44-29* 

44-3 

4s 

i!     I  11 -5 

292-2 

38-07 

3809 

3d 

1 

388-4 

370 

— 

2s 

"            " 

405 

35-92 

— 

3s 

II 

421-9 

2701-03, 8694'40,  2688-86,  267605r,  269019,  2544-30. 
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WaTe-length 

Bedaotion  to 
YacQiun 

Inienaity 
and 

Osoillation 

• 

1 

Freqaeuoy 

Eder  and  Y aleata 

Ezner  and  Haachek 

Character 

X  + 

in  Yaono 

2638-70 

2633-74 

48 

0-74 

11-6 

39456-9 

28-2 

28-16 

2s 

» 

11-6 

6480 

22-8 

— 

2n 

t> 

tt 

627 

20-7 



2s 

f* 

)t 

660 

17-2 



2n 

0-73 

tt 

716 

1616 

1617 

28 

It 

tt 

7471 

11-7 



In 

11-7 

802 

10-69* 

10-69 

4s 

»» 

tt 

819-6 

06-85 

06-38 

2s 

»t 

tt 

886-5 

06-07 

In 

t« 

•t 

891-4 

08-37 

03-33 

7s 

tt 

934-8 

2496-3 

.» 

Is 

i> 

tt 

40064 

9274 

2492-68 

2b 

tt 

11-8 

106-7 

91-68 

91-6 

Is 

>t 

tt 

123-4 

90-49 

90-5 

28 

»♦ 

t» 

140-9 

88-3 

88-98 

2t 

n 

n 

166-3 

83-4 



2q 

ti 

It 

266 

80-36 

80-36 

38 

ft 

»» 

3061 

78-69 

78-68 

Is 

>» 

t> 

332-3 

77  76 

77-80 

iB 

»» 

tt 

346-6 

76-2 

7610 

8n 

»» 

11-9 

374-2 

73-84 

78-90 

In 

ft 

It 

410-0 

68-06 

68-05 

2b 

0-72 

tt 

606-9 

68*16 

68-26 

28 

It 

12-0 

667-3 

66-66 

«_ 

2b 

tt 

tt 

696-6 

66-84 

^ 

2b 

tt 

tt 

716-6 

62-79 

-^ 

2b 

»t 

tt 

767-9 

47-94 

4806 

20  Ag 

tt 

tt 

836-7 

46-61 

— 

In 

i» 

tt 

860-9 

46-20 

In 

>» 

ft 

867-7 

46-6 

46-67 

3b 

tt 

tt 

876-6 

44*3 

— 

lb 

tt 

tt 

900 

42-47 

42-48 

2b 

>t 

12-1 

929-9 

87-88 

37-89 

38  Ag 

tt 

tt 

410070 

34-6 



In 

tf 

tt 

064 

33-67 

38-7 

2 

tt 

ft 

078-2 

33-8 

— 

2s 

„ 

tt 

084 

2806* 

28-10 

16r 

tt 

12-2 

172-3 

2606 

In 

If 

ft 

224-1 

23-8 

2 

tt 

t> 

246 

19-41 

19-4 

In 

0-71 

tt 

3201 

19-1 



1 

tt 

827 

17-4 



2 

tt 

tf 

366 

16*68 

16-7 

2b 

tf 

tt 

367-9 

14*36 



m 

»t 

tt 

406-6 

18-27 

18-31 

38 

t» 

tt 

424-7 

11-40 

11-60 

2s 

tt 

12-3 

466-7 

10-7 

_ 

Is 

» 

tt 

470 

08*89 

^ 

2n 

tt 

600-6 

07-42 



2n 

it 

526-9 

06-20 

06-24 

38 

*» 

tt 

663-6 

04-97 

04*95 

28 

tt 

tt 

668-6 

02-80 

02*88 

38 

tt 

tt 

606-3 

*  2610-66,  2428*06r. 
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Wave-length 

Intensity 

and 
Character 

Redaction  to 
Vacnum 

Freqnency 
in  Vacuo 

1 

Eder  and  Valenta 

Exner  and  Haschek 

X  + 



2401-68 

2401-68 

28 

0-71 

12-3 

41625-2 

— 

01'3 

In 

^^ 

632 

00-2 

— 

1  Cu 

» 

651 

2399-3 

— 

1 

t*           t» 

666 

96-7 

— 

1 

..         :     12-4 

729 

93-62 

2393-66 

2s 

» 

764-6 

91-7 

— 

In 

^^ 

799 

88-26 

88-35 

3s 

S67-6 

87-82* 

87-84 

4s 

tt 

866-5 

84-29 

— 

2s 

928-8 

82-60 

82-61 

3b 

12-5 

9600 

80-6 

— 

In 

42095 

79-3 

— 

Is 

tt 

tt 

017 

— 

78-0 

In 

(f 

tt 

040 

77-2 

77-3 

1 

053 

76-35 

76-31 

48 

tt 

>t 

069-6 

78-20 

— 

2n 

0-70 

124-7 

71-69 

71-67 

48 

151-9 

69-40 

69-46 

4n 

n 

tt 

174-0 

— 

6810 

1 

ft 

12-6 

2163 

65-01  \ 
64-68  /  ♦ 

64-991 
64-64  / 

6r 

38 

tt 
>t 

If 

tt 

270-9 
277-1 

69-1 

— 

In 

376 

67-9 

58-02 

m 

395-9 

55-63 

55-57 

2s 

440-3 

62-67» 

52-81 

58 

12-7 

490*9 

61-59 
48-2 

61-61 

2s 
Is 

" 

511-4 
673 

4710 

47-23 

2b 

It 

i« 

6920 

44-25 

— 

28 

>t      '      tt 

644-9 

43-6 

— 

2s 

If             f) 

656 

42-81 

41-5 

40-27 

40-30 

1 
1 
7b 

" 

tt      1      tt 
tt      '  12-8 

6711 

695 

716-8 

34-20 

3415 

2b 

tt 

829-3 

— 

32-00 

2n 

868-9 

31-45 
31-20 

31-46 

2s 
4s 

i» 

tt 
ti 

878-8 
883-6 

30-7 
26-7 

26-8 

Is 

In 

tt 

tt 
12-9 

893 
964-6 

25-77 

25-80 

2s 

0-69 

983-1 

25-34 
24-7 

25-32 
24-73 

2 
Is 

»» 

tt 
1) 

991-9 
43002-8 

22-34 

22-39 

78 

046-2 

21-4 

20-35 

18-28 

20-37 
18-39 

Is 
2s 
2 

ft 

ft 
ft 

064 

083-7 

120-5 

17-5 

1710 

18  Ag 

144-5 

15-94 
14-73 

15-96 
14-77 

6s 
6s 

tt 
t) 

tf 

165-7 
187-9 

12-2 

12-3 

2 

13-0 

234 

09-54 

1106 
09-50 

1 

68 

tt 

tf 

257-2 
286-4 

08-2 
04-89 

08-26 
04-90 

1 

9b 

"      1 
tt 

>t      1 

It 

309-7 
372-8 

♦  2887-86,  2364-69,  2352-75. 
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Wave-length 

Intensity 

and 
Character 

Redaction  to 
Vaonnm 

Oscillation 
in  vaono 

Eder  and  Valenta 

Ezner  and  Haaohek 

A+ 

I 
A 

28011 

280115 

In 

0-69 

18-1 

43448-4 

00-4 

— 

Is 

'  •» 

t» 

468 

2298-3 

— 

In 

t> 

ft 

497 

96-9 

2296-92 

28 

» 

ff 

528-5 

96-62 

1 

»> 

t> 

529-2 

96-18 

96-20 

8s 

>» 

tf 

556-1 

9408 

94-1 

2b 

»r 

577 

91-691 

91-60 

6b 

99 

t> 

624-6 

88-70 

88-66 

2s 

l» 

ff 

680-6 

87-79 

87-86 

8n 

»> 

13-2 

696-0 

86-7 

86-80 

In 

t> 

ft 

716-0 

88-37  • 

83-38 

58 

t> 

It 

779-5 

82-96 

82-94 

8n 

)> 

t) 

890-0 

80-06 

loAg 

»> 

tt 

845-5 

79-42 

79-40 

2n 

»t 

ft 

858-0 

7810 

1 

f* 

ft 

8880 

77-62 

77-65 

4n 

0-68 

ft 

889-7 

78-2 

78-25 

Is 

ft 

18-8 

976-6 

70-8 

70-27 

28 

f» 

t» 

44084-8 

67-08 

67-07 

2s 

f> 

n 

096-6 

66-20 

66-01 

8b 

>f 

ff 

117-1 

66-8 

6510 

In 

99 

ft 

134-9 

'  63-76 

68-77 

8n 

t* 

ft 

160-8 

62-68 

62-70 

8n 

»> 

13-4 

181-6 

61-82 

61-35 

2n 

» 

>t 

208-0 

60-86 

... 

2n 

»> 

ft 

227-3 

65-90 

65-96 

2n 

>t 

ft 

318-8 

6600 

651 

In 

ft 

t> 

881 

68-44 

58-48 

3b 

If 

tf 

862-4 

49-18 

1 

»f 

13-5 

448-1 

48-70 

48-77 

2n 

f» 

tf 

455-8 

46-76 

46-70 

8n 

>» 

If 

596-2 

46-50 

1 

99 

ff 

500-2 

_ 

45-53 

1 

ft 

ft 

519-4 

48-6 

44-01 

In 

ft 

ft 

549-6 

42-71 

42-78 

68 

ft 

tf 

674-0 



4200 

— 

>t 

ft 

689-& 

40-86 

40  86 

3 

>» 

ff 

622-4 

87-66 

87-55 

2n 

f> 

13-6 

6781 

88-76 

88-75 

2n 

tf 

tt 

754-2 

81-87 

31-40 

4n 

t» 

9* 

801-3 

29-09 

29-07 

6n 

tf 

tt 

848-2 

24-7 

In 

0-67 

13-7 

986 

22-64 

22-70 

2n 

•t 

•» 

976-6 

20-64 

2062 

3s 

ft 

ft 

45018-8 

19*4 

19-26 

2 

f> 

tf 

046-6 

16-86 

15-80 

3n 

tf 

If 

116-7 

18-20 

13-25 

4s 

ft 

13-8 

168-6 

10-64 

10-78 

8s 

tf 

ft 

220*1 

10-80 

10-27 

Is 

ft 

ft 

229*5 

05-92 

05-97 

2s 

t» 

„ 

817-7 

01-85 

01-42 

58 

tf 

ft 

46411*3 

3198-7 

2198-55 

1 

tt 

It 

574-8 

92-7 



Is 

ft 

tt 

592-0 

90-7             1 

90-57 

Is 

ft 

140 

686-2 

9288-42. 
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Wave-length 

Intensity 
and 

Bednotion  t  o 
Vaonnm 

Oscillation 

Character 

1 

Frequency 
inVaoao 

Eder  and  Valenta 

Exner  and  Hagchek 

A  + 

a" 

2188-97 

2189-03 

48 

0-67 

14-0 

46668-3 

86-9 

86-80 

2 

t> 

tt 

714-9 

86-7 

86-66 

28 

t> 

tt 

739-0 

8416 

84-21 

28 

ft 

tt 

769-1 

72-26 

72-28 

28 

0-66 

14-1 

46020-6 

67-5 

67-40 

28 

It 

14-2 

124-0 

— 

6127 

In 

»» 

»t 

264-9 

60-7 

60-66 

2n 

fi 

„ 

270-3 

69-2 

6913 

2n 

f> 

14-3 

800-7 

6718 

67-21 

2q 

»» 

It 

841-9 

64*4 

64-30 

2q 

ft 

tt 

404-6 



44-27 

1 

n 

14-4 

621-6 

40-6 

40-6 

In 

» 

tt 

704 

37-96 

37-96 

2b 

»> 

tt 

769-4 

88-4 

38-3 

lb 

»f 

14-6 

860 

— . 

29-67 

1 

0-66 

tt 

948*8 

29-08 

— 

18 

i» 

tt 

966-2 

26-8 

26-73 

28 

»> 

14-6 

47003-9 

26-28 

26-82 

48 

9> 

tt 

0871 

13-7 

13-69 

l8 

» 

14-7 

296-9 

10-74 

10-78 

68 

l> 

tt 

361*1 

2098-8 

— . 

In 

» 

14-8 

681 

98-2 

2098-18 

l8 

tt 

tt 

646-6 

960 

.. 

In 

» 

14-9 

718 

86-4 

— . 

»» 

160 

937 

88-1 

88-16 

l8 

n 

tt 

48989-0 

82-10 

82-16 

68 

»• 

tt 

012-7 

71-7 

— 

0-64 

16-1 

266 

640 

— 

w 

16-2 

484 

69-9 

_        t 

19 

*t 

631 

66-6 

— 

f> 

tt 

609 

66-4 

— 

»> 

16-8 

687 

44  66 

44-70 

68 

»> 

16-4 

891-6 

12-10 

— 

In 

0-63 

16-7 

49683-6 

00-77 

00-9 

38 

9» 

16-8 

966-0 

1988-99 

—. 

l8 

>» 

16-0 

60260-8 

77-69 

1977-6 

t> 

16-1 

660 

72-66 

— 

0-62 

tt 

676-9 

66-64 

— 

M 

16-3 

61117-9 

61-69 

— 

tt 

16-4 

223-9 

48-48 

— 

tt 

tt 

806-7 

46-41 

— 

»» 

tt 

360-2 

44-86 

— 

tt 

16-6 

414^ 

86-18 

— 

lb 

t» 

16-6 

669-6 

31-74 

— 

3 

t> 

tt 

760-2 

26-19 

— . 

2 

0-61 

16-7 

926-2 

21-88 

.1-. 

8 

tt 

tt 

62029-2 

19-89 

— 

6 

tt 

16-8 

083*1 

18-04 

— 

1 

tf 

tt 

119*8 

04-41 

— 

1 

tt 

16-9 

492*8 

1890-26 

— . 

2 

tt 

17-2 

886*9 

86-86 

•— 

2 

tt 

ft 

981-2 

79-72 

— 

1 

tt 

17-3 

63182-1 

61-68 

2 

0-60 

17-6 

697-4 
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Hasselberg: 


Manganbsb  (Abo  Spbotrum). 
*  EoDgl.  Svenska  Vetenskaps-Akadem.  Handl./  Bd.  zxx.,  No.  2. 


1897. 


*  Coinoident  with  Fraonhofer  lines. 
{  These  lines  seem  not  to  occur  in  Exner  and  Haschek's  list  of  manganese  spark 
lines,  Bitsber,  *  Eais.  Akad.  Wissensch.  Wien.'  civ.  (1896),  cv.  (1896).     This  list  in- 
cludes 1,660  lines,  extending  from  4824  to  2112.    Within  these  limits  all  the  lines 
of  tlM  arc  spectrum  not  marked  t  seem  to  occur. 


1 

Reduction  to 

Oscillation 
Frequency 
in  Vacuo 

Wave-length 
(Bawltrnd) 

Litensity 

and 
Character 

Previoas  Observations 
(Rowland) 

Vaonom 

X+ 

1 

*6849-33 

2 

1-69 

4-6 

17091-4 

1716 

2 

t» 

4-7 

185-8 

♦6780-42 

3 

1-58 

tt 

2961 

♦    38-49 

4 

6787-910  Rowland 

1-66 

tt 

421-6 

667d-94 

6 

1-62 

4-9 

936-7 

♦    78-27 

4 

»» 

tt 

937-9 

66-09 

2 

ft 

tt 

993-4 

62-75 

2 

1-61 

tt 

18004-2 

62*24 

6 

6662-198        „ 

»» 

tt 

005-8 

♦    3807 

7 

r  38025 
1 87-928 

I* 

»• 

061-9 

•    86-77 

4 

>• 

tt 

054-4 

♦    17*06 

7 

661708  Thalto.  {{5:^       .. 

ft 

>i 

120-7 

15-06 

2 

V 

t» 

tt 

127-3 

♦    0615 

5 

06O95        „ 

1-60 

60 

164-6 

04-63 

3 

»f 

tt 

166-8 

6497-67 

2 

tt 

tt 

184-5 

96-28 

2 

f 

ft 

189-3 

81-67 

6 

u 

tt 

237-6 

»    70-86 

7 

r  5470-883 
\     70-802 

1-49 

tt 

273-7 

»    67-71 

4 

67-701 

tt 

tt 

317-7 

33-67 

4n 

1-48 

If 

398-8 

♦    82  76 

6 

32-753        H 

t> 

t> 

401-9 

*    20-68 

4 

5420-50 

r  20-613 
1 20-610 

tt 

tt 

443-2 

♦    13-94 

6 

13-70 

18-889        ,. 

M 

It 

466-8 

»    07-63 

7 

07-80 

f  07-688 

1 07-587        " 

tt 

tt 

487-4 

06*32 

2 

« 

ft 

tt 

4953 

♦6899-72 

6 

00-86 

„       6899-676        h 

1-47 

5-1 

514-4 

♦    94-88 

6 

5394-76 

r  94-913 
\94-889 

ft 

tt 

6810 

♦    88-76 

3 

tt 

6620 

♦    77-83 

6 

77-86 

77-800        „ 

tt 

It 

589-8 

77-46 

3 

t> 

It 

6910 

♦    6008 

4 

60-059        „ 

1-46 

tt 

686-2 

48-31 

2 

tt 

tt 

712-4 

♦    44-66 

3n 

44-646        .. 

tt 

t> 

706-2 

♦    41-22 

9 

41-46 

41-837        „ 

tt 

ft 

717-2 

24-63 

3 

1-45 

It 

776-9 

17-33 

2 

tt 

It 

801-3 

09-16 

3n 

tt 

tt 

880-8 

6299-09 

2 

tt 

5-2 

8660 

1          98-13 

2 

tt 

»i 

869-4 
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REPORT — 1901. 
Manganese  (Arc  SF^CTBVU^—continued, 


Reduction  to 
Vaoaom 

Oscillation 
Frequency 
in  Vacuo 

Wave-lengtJi 
(Bowland) 

Intensity 

and 
Character 

Previous  Observations 
(Rowland) 

X+ 

1_ 

6261-00 

2 

1-44 

6-2 

19002-6 

*     56-51 

5s 

5265-51  Thal6n,  6256-492  Rowland 

ft 

ft 

022-4 

*5197'44 

2s 

519701       „       5197-332 

1-42 

5-3 

236-0 

*    96-77 

68 

96-741        „ 

» 

t» 

237-4 

*    51-14 

6s 

61112        „ 

1-41 

tt 

407-9 

*    49-40 

3 

18112        „ 

>» 

» 

414-4 

*     1816 

4 

1-40 

tt 

632-9 

♦5087-02 

2 

1-39 

6-4 

662-5 

*    74-97 

4 

i» 

t"t 

699-1 

42-86 

2 

1-38 

tf 

824-6 

30-86 

2 

f> 

It 

871-9 

*    30-02 

3 

»» 

tt 

876-2 

22-26 

2n 

1-87 

6-5 

906-8 

*     10-68 

3 

>f 

ft 

962-2 

*    0510 

4s 

6006*347 

»f 

tt 

9741 

4985-98 

3 

1-36 

tt 

20060-7 

74-60 

3n 

n 

f> 

096-6 

•    6602 

68 

4966-086 

ft 

ft 

181-8 

*    34-26 

68 

1-86 

6-6 

260-9 

01-00 

2 

1-34 

tf 

3984 

488912 

2 

i» 

H 

447-0 

»    81-87 

2 

t» 

it 

478-3 

62-28 

4 

1-88 

tt 

660-9 

»    66-01 

2 

•» 

6-7 

691-6 

»    64-76 

3 

»f 

>t 

692  6 

»    44-47 

4 

4844-408        ., 

»» 

tt 

636-4 

•    3840 

2 

1-32 

tf 

6623 

»    2710 

2 

»» 

>t 

710-7 

*    26-80 

2 

ft 

tf 

716-2 

♦    23-71 

lOnr 

4823-60      „            23-716 

tt 

ft 

726-2 

*4783-60 

lOnr 

4783-34      „        4783-607 

1-31 

6-8 

898-9 

»    66-68 

7 

66-14      „            66-621 

1-30 

ft 

978-6 

*    66-02 

7 

66-64      „            66-060 

$t 

.. 

976-0 

*    62-64 

8 

62-14      „            62-667 

» 

tf 

991-4 

♦.    61-68 

7 

61-34      „            61-718 

»» 

ft 

21996-2 

»    64-23 

lOnr 

64-04      „            64-225 

ti 

f» 

028-1 

*    39-27 

6s 

3914      „            39-291        „ 

t> 

tf 

094-5 

♦    27-63 

7 

27-64      „            27-676 

1-29 

ft 

146-4 

♦    09-87 

7 

09-94      ,.            09-896 

n 

tf 

226-2 

»    01-30 

4 

01-14      .,            01-346 

tt 

6-9 

262-0 

♦4671-86 

48 

4671-68      „        4671-858        „ 

1-28 

tt 

398-8 

*    4301 

2 

1-27 

ft 

631-8 

27-99 

2 

»f 

60 

601-6 

*    26-74 

48 

26-48      „           26-718 

»» 

tt 

607-6 

07-80 

3n 

07-48      „ 

1-26 

ft 

696-9 

»    06-65 

5n 

05-68      „            06-536 

i» 

ft 

706-9 

4596-61 

3 

ft 

tt 

764-4 

86-30 

2 

»» 

ft 

7981 

48-76 

4 

454906      „ 

1-26 

6-1 

978-0 

44-61 

3 

If 

ft 

998-0 

»    42-62 

4 

1-24 

tt 

22007-6 

34-72 

2 

tt 

tt 

046-0 

30-01 

2 

ft 

tt 

068-9 

♦    23-68 

3 

4628-672 

ff 

tf 

100-8 

0403 

4 

03-95      „           04-042        „ 

1-23 

ft 

196-2 
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Manganbsb  (Arc  SPSCTVUMy-oontmued. 

Reduct 

ion  to 

Oscillation 
Frequency 
in  Vacuo 

Wave-length 
(RowlMd) 

Intensity 

and 
Character 

Previous  Obsenrations 
(Rowland) 

Vacuum 

A  + 

1 
A. 

•4602-38 

7 

1602-45  Thal6n» 

4602-388  Rowland 

1-23 

61 

22204-4 

♦4499-06 

7 

449906 

ff 

4499-070 

ff 

It 

220-8 

*    96-82 

^           1 

96-05 

it 

96-676 

ff 

6-2 

231-7 

♦    91-86 

4           ' 

91-85 

91-823 

It 

It 

268-3 

*    90-28 

7 

90-25 

»» 

90263 

2641 

•     79-69 

4 

79-75 

>i 

79-653        ., 

tf 

If 

3173 

»    72-92 

6 

73-16 

72-967        „ 

11 

tt 

350-6 

♦    70-31 

6 

r  71-35 
70-25 

J» 

70-300 

11 

If 
ff 

363-6 

♦    64-86 

7 

66  06 

„ 

64-844 

1-22 

If 

390-9 

♦    62-17 

8n 

62  26 

1? 

62-166 

ff 

It 

404-4 

»    61-26 

7 

61-41 

61-242        „ 

ff 

11 

409-0 

60*65 

6 

60-66 

>» 

60-462 

It 

II 

412-6 

*    68-43 

7 

68-45 

»» 

68-409        ., 

If 

It 

428-2 

♦    57-71 

a 

57-65 

/*» 

67-712        „ 

If 

It 

426-8 

♦    67-22 

6 

57-46 

»f 

67-207        „ 

it 

ti 

429-1 

•    5606 

6 

66-16 

1) 

65-980 

fi 

It 

4362 

*    56-60 

6 

66-66 

>f 

56-486 

ff 

II 

4380 

♦    66-19 

6 

66-26 

*f 

66-193 

If 

»$ 

4400 

*    63-16 

6 

53-25 

»» 

53171        „ 

If 

tt 

4603 

52-73t 

3 

•1 

II 

452-4 

*    61-76 

7 

61-95 

)t 

51-752 

II 

It 

466-9 

*    47-32 

3 

47-45 

ff 

47802 

II 

II 

479-2 

♦    36-62 

6 

36-46 

» 

36-516 

It 

11 

534-0 

36-24 

3 

II 

It 

635-4 

*    19-96 

48 

20-06 

It 

19-944  '     „ 

1-21 

6-3 

618-3 

*    16-06 

6 

16-05 

1* 

16-047        „ 

It 

It 

638-6 

•     12-06 

4 

12-15 

t> 

12043 

11 

ft 

668-8 

♦    08-28 

3 

08-85 

>t 

t» 

II 

678-3 

4389-96 

3 

4389-930 

1-20 

It 

7730 

88-27 

? 

88-260 

ff 

tt 

781-7 

82-80 

8n 

4383-10 

it 

82-847        „ 

ft 

II 

810-2 

81-87 

4 

82-30 

IT 

82-046 

It 

816-0 

*    76-10 

4 

75-30 

If 

76-103        „ 

It 

It 

860-3 

37-67 

2 

37-569 

1-19 

6-4 

23048-0 

26-36 

— 

2610 

>f 

If 

11 

107-8 

2369 

— 

ft 

II 

122-5 

21-86 

— 

23-60 

)l 

If 

II 

134-6 

♦    12-70 

6 

21-40 

>) 

12-723 

1-18 

It 

180-9 

06-84 

2 

tt 

6-6 

217-8 

00-36 

3 

00-23 

tt 

00-376 

11 

tt 

247-4 

4290-29 

2 

II 

It 

801-9 

♦    84-22 

5 

4284-63 

»f 

4284-223 

11 

tt 

385-0 

*    81-27 

6 

81-33 

If 

81 257        „ 

If 

It 

361-0 

78-86 

3 

117 

ft 

364-2 

♦    66-08 

6 

66-33 

)t 

66-081        „ 

It 

It 

484-2 

*    61-45 

3 

61-63 

)• 

61-496 

If 

II 

469-7 

*    58-48t 

2 

ft 

If 

4760 

♦    67-80 

6 

58-03 

ft 

57-816 

II 

ti 

479-8 

♦    39-88 

6 

40-03 

ft 

89-890 

1-16 

6-6 

679-0 

»    86-461 

6 

35-43 

f» 

86-460        „ 

If 

II 

603-6 

*    36-28 

6 

36-298 

ti 

It 

604-6 

30-47t 

2 

tt 

II 

6814 

30-81 

2 

It 

It 

632-3 

*    20-79 

6 

21-13 

f» 

20-738 

fi 

ff 

686-6 
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MAKQANBSE  (ABC  SPBCTBUH)'-^M^int(^. 


Wave-lenffth 
(Rowland) 


♦4212-64t 

♦  11-90 

♦  01-88 
•4190-15 

♦  76-73 

♦  67-21 
56-68} 

♦  6116 

♦  48-94 

♦  47-66 

♦  4118 

♦  40-36 

♦  37-40} 

♦  3613 
34-77 
32-46 
31-60J 

♦  31-26 

♦  23-68 

♦  23-41 
22*92 
14-63 

♦  14-02 

♦  13-39 

♦  10-98 

♦  0801 

♦  06-61 

♦  03-62 

♦  03-07 
409967 

♦  9681} 

♦  96-42 
96-17 
90*73 
90-10 
83-76 
8309 
79-66} 
79-36 
76-39 
70-41 
68*13 
6638 
65-22 
63*38 
61*88 
69-68 
69-08 
6810 
56-68 
66-86} 
62-62 
61-90 
49-16} 
48-88 


Intensity 

and 
Character 


6 
.   3 

3 

3 

4 

Sg 

4 

6 

3 

5 

3 

4 

2 

3 

4 

2 

2 

4 

9 

9 

9 

9 

3 

6 
48  also  Fe 

3 

4 
7alaoFe 

6 

6 

7 

6 

9 

4 

4 

4 

4 

? 


Previons  Obserrations 
(Rowland) 


4211-899  Rowland 

4202*23  Thal6ii,     01-869 

4190-147 

76-739 

57-167 


48-948 
47-645 
41-208 


4136-26 


4083-83 
8313 
79-43 


63-63 


66-43 


48-83 


37-428 
36-191 


81-271 
23*664 


14-461 

13-381 
11-021 

06*614 

03097 

4096-423 


90-113 
83-783 
88-096 
79570 
79-393 
70-431 
68137 

66-239 

63-673 
61-881 
69-53e 
69-081 
58-116 
4066-701 
66-366 
62-608 


4048-910 


Redaction  to 

fl    >» 

Vacunm 

III 

X+ 

1 

a" 

ift 

1-16 

6-6 

23731-6 

ft 

If 

736-6 

1-15 

ft 

792-3 

,j 

6-7 

868-8 

»» 

>f 

936-6 

114 

1* 

24048-5 

.. 

ff 

056-7 

»» 

ff 

082-9 

»f 

6-8 

096-7 

»» 

ff 

103-2 

»» 

>» 

140-9 

»» 

ff 

146-7 

»» 

i> 

1630 

If 

If 

176-2 

»» 

ft 

178-3 

>t 

II 

188-7 

It 

n 

201-9 

>f 

n 

208-9 

118 

ti 

248-4 

f» 

ti 

246-0 

t» 

1* 

247-8 

If 

M 

297-3 

i» 

II 

3003 

If 

»> 

304-0 

If 

fl 

318-8 

If 

»| 

336-9 

•» 

t>    • 

360*7 

ft 

l> 

361-9 

II 

ff 

366-2 

II 

6-9 

386-0 

ft 

ff 

402-2 

•» 

fl 

407-2 

f» 

ft 

412-0 

112 

If 

438*6 

ff 

II 

442*3 

i» 

ft 

480-4 

>f 

If 

484*4 

•» 

If 

606-6 

ff 

»i 

606-6 

II 

ff 

530-6 

II 

fl 

560-6 

If 

ft 

574-4 

It 

ft 

686-0 

ff 

•f 

593-3 

9f 

•t 

603-2 

If 

II 

612-2 

If 

ft  • 

626-5 

If 

fl 

629-2 

ff 

99 

636-2 

f> 

19 

649-9 

tf 

9f 

661-9 

111 

tf 

668-6 

•f 

7-0 

672-8 

fl 

19 

689*6 
691-2 
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Mahgahbsb  (Abo  Spbotbum)— <xm^ifiiM<i. 


Reduction  to 

BK 

Ware-length 
(Rowland) 

Intensity 

and 
Character 

Previous  Obsenrations 

Vacuum 

m 

(Rowland) 

.. 

1 
\ 

70 

♦4045  26 

!        6 

1045-266  Rowland  1  111 

24713-3 

*    41-40 

lOnalsoFc 

1041-23Thal6n.      41-525        „        |     „ 

736-3 

38-89t 

4 

38-771        „ 

762-8 

♦    35-88 

6 

4036-883 

770-7 

♦    34-60 

20nr 

3463      „            34-644 

778-6 

*    3318 

20nr 

33-53      „            38-230        „ 

** 

787-3 

♦    30-87 

20iir 

30-13      „            30-919t      .. 

** 

801-5 

♦    26-57 

6 

26-583 

828-0 

♦    20-18 

3 

20-226 

867-6 

♦     18-26 
1209 

7 
2 

18-26  t       n 

i-io 

II 

879-4 
917-6 

11-69 

8 

11-693 

920*1 

08-19 
03-42 
02-31t 

3 
2 
2 

08215 
02-308 

»» 

7-1 

941-9 
971-6 
978*6 

02-05 

2 

02-086 

" 

980-1 

3997-34 

2 

3997-365 

25009-6 

92-66 

3 

3992-5    Locky^ 

" 

038-9 

*     90-10 

2 

90-0         „           90-129 

064-9 

87-61 

2 

87-625        „ 

070-6 

*     87-23 

4 

3987-244 

073-0 

♦    86-94 

4 

86-979        ,. 

" 

" 

074*8 

*    85-36 
84-31 

4 
2 

85-463        „ 
3984-294 

II 

084-7 
091*3 

83-07t 

2 

83-053 

** 

099-2 

♦     82-72 
82-31 
77-24 

4 
2 
8 

82-630 
77-2         ,.            77-223 

i» 

II 

101-4 
103*0 
136*1 

♦    76-03 

3 

76-6        .,            75-985 

" 

143-5 

53-00 

4 

62-7        „            63-043 

1-09 

7-2 

290-0 

43-01 
36-91 

3n 
2 

43-0        „            42-984        „ 
36-912        „ 

f» 

»i 

354-1 
393-4 

29-82 
29-41 
*     29-301 

2 
3 

29-6        „            29-864        ,. 
29-363 

1-08 
If 

>i 
>i 

439-3 
4419 
442-6 
459-1 

*    26-61 

5 

26-5        „            26-597 

" 

>i 

*    24-24 

4 

24-2        „            24-206 

•» 

480-4 

♦    23-45 

3 

23-5        „            23-375 

'* 

480-6 
484*7 

»    22-82t 

5n 

22-8        „            22-815        „ 

** 

i» 

•    22-20 

2 

22-223 

" 

488*7 
4910 
613-2 

•    21-85t 

4n 

21-8        „            21-866 

" 

II 

♦     18-43 

4 

18-3        „            18-396        „ 

" 

i» 

16-75 

2 

16-6^1 

" 

524-2 

11-57 

8 

11-5        „            11664 

" 

568-0 
669-9 
6790 
600-1 
604-9 
6161 
635-0 
637-2 
648*5 

11-27 
08-34 
0512 
04-47 
03-68 
3899-81t 
99-46 
*    98-60 

3n 

28 

2 
2 

2 
is 

38 

4 

11-2        ,. 

• 

3899-701 
99630 
98-631 

»> 
»> 

11 
II 
7-3 

II 
II 
II 
II 
II 
II 

taouUe{*'^;«' 


4    /  4018-269 
^    I     18-234 
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Manoan^esb  (Abc  Bpeotrvu)  ^continued. 


1 

Reduction  to  !    g  >»  ^ 

Wave-leneth 
(Rowland) 

Intensity 
and 

Previous  Observations 
(Rowland) 

Vacuum 

illatio 
iquenc 
Vacuo 

Cliaraoter 

A  + 

1 

BlB 

3897-47 

2 

1  108 

7-3 

26660-4 

96-48 

3s 

3896-386  Rowland 

107 

j^ 

666-9 

♦    94-86 

3s 

94-860        „ 

»» 

tf 

667-6 

♦    92-72 

2 

92-698 

681-7 

*    91-92 

3 

n 

It 

687-0 

89-62 

2 

89-498 

»f 

tt 

699-9 

♦    86-42 

6s  also  Fe 

If 

727-3 

79-32 

2 

ti 

,, 

770-4 

72-26 

2 

»♦ 

It 

817-4 

66-83 

2 

tt 

>t 

860-4 

♦    6l-88t 

3 

It 

886-8 

66-68 

4 

,, 

It 

921-7 

*    6360 

3 

106 

tf 

942-6 

*    44-10 

7 

44-135        „ 

»» 

It 

26006-6 

*    41-17 

8alsoFe 

41-196 

}> 

^^ 

026-4 

♦    89-92 

7 

39-922 

>» 

If 

034-9 

37-68 

3 

If 

ft 

060-1 

*    84-48 

9 

34-606 

ft 

071-8 

♦    33  96 

7 

34-006 

It 

tf 

076-4 

30-121: 

2 

tf 

ioi-6 

»    29-81 

6 

«> 

91 

103-6 

♦    24-01 

7 

24028 

f> 

ft 

143-3 

♦    23-64 

8 

23-663 

11 

146-8^ 

♦    16-87 

6 

16-887 

1-05 

7-4 

1921 

10-86 

4 

ft 

If 

283-6 

09-70 

6 

09-73?.t      „ 

»»           )f 

289-5 

*    06-84 

9alsoFe 

06-866 

2611  1 

02-04 

4 

02-061 

,.      1     294-3  1 

♦    00-68 

4 

00-683 

I*     j      f> 

303-7 

♦3799-38 

4 

3799-386 

ti       !       n 

312-7 

♦    90-36 

6 

90-362 

«f              }> 

376-3 

*    86-67 

3 

,.     ;     ,.           408-7 

*    76-70 

3s 

76-698 

104    '     „           470-7 

♦    74-81 

2 

>»                    »> 

484-0 

♦    7402 

2 

l»                    »» 

489-6 

71-62 

2 

«     1     75 

606-3 

68-33 

2 

529-4 

♦    67-84 

4 

67-787 

>f           It 

632-9 

63-61 

4 

., 

663-4 

♦    66-80 

3 

66-706 

n        1 

„ 

610-9 

i  3809*834 
09-633     lowland's  Table  of  Solar  Spectrum  Wave-lengths  gives 

the  following  lines  (not  mentioned  in  the  above  list)  as  due  to  Manganese: 
6467 640,  12-997,  6321-976,  4884-242,  4233328,  4171864,  4092-547,  83*376,  46-371, 
33-814,  33-732,  31942,  07  186,  8964-680,  62-103,  37-972,  3895-583,  88971,  40340, 
3696-800,  96  668,  91-452,  84*680,  68-689,  68044,  17-675.  16-581,  8690109,  11-763, 
3488  487,  87095,  74287,  74197,  60174,  65-204,  65121,  61609,  42118,  20940, 
3386-085,  82-826,  82-129,  79005,  70-770,  69  362,  68-319,  65-661,  46-495,  43804,  30-802, 
20  783,  17  393,  16^98,  16661, 14  996,  14-574,  14334,  13-662,  13*301,  12068,  08888, 
07114,  06-001,  03-398,  3299 662.  98-861,  97014,  96961,  80 900,  78*687.  73  176,  70473, 
68-847,  64  833,  60*386,  68  642,  66*264,  56-617,  64180,  53  090,  61*278,  48-637,  43883, 
40726,  40-522,  86-905.  30-8i3,  28*219,  26  143,  24  882.  17-04a  18004.  3178*620,  67*289, 
61 146,  48  283,  42*846,  40-430,  307?-724,  73-233,  70372.  66  101.  62*222.  54*429.  48*999, 
47156,  45*696,  44*671,  40*712,  22'861,  2801*183,  2798*369,  94-911,  2593  810,  76196. 
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Manoanbsb  (Abc  BvEcrmjii)^continued. 


Rednction  to 

S  fe»« 

Vacunm 

.SS§ 

iWave-lengih 
(BowlaDd) 

Intensity 

and 
Character 

PreyiouB  Obaervations 
(Bowland) 

Oscillal 
Freqae 
in  Vac 

X  + 

1_ 
X 

3750-92 

4 

3750*916  Rowland 

1-04 

7-5 

26652-6 

49-54 

3 

«f 

»» 

662-4 

46-78 

4 

46-717 

«• 

»» 

682-1 

*     3703 

3 

37069 

103 

»» 

761-7 

3206 

6 

32-072 

i> 

»* 

787-4 

♦     2906 

4 

29-004 

»» 

»» 

809-0 

27-2lt 

2 

27061 

•» 

7-6 

8221 

♦     19-04 

6 

19-070 

,, 

f» 

8811 

♦     0616 

6 

06176 

11 

f( 

974-5 

*     01-86 

38 

01-866 

»» 

«» 

27006-9 

*     00-47 

2 

,, 

»» 

016-0 

♦3696-69 

6 

3696-707 

1-02 

»» 

044-6 

94-28 

3n 

t» 

t« 

061-3 

*     93-81 

6 

93-804 

>f 

M 

064-7 

1     ♦     92-98 

3 

92-964 

»i 

»» 

070-8 

♦     86-69J 

2 

86-666 

»» 

»» 

124-4 

8604 

2 

»t 

»» 

129-1 

*     82-24 

-    4 

82-161 

»» 

7-7 

149-7 

8082 

2 

»♦ 

»» 

163-8 

»    77-12 

4 

f> 

f» 

187-6 

♦    70-67 

3 

70678 

.• 

f» 

236-3 

♦    7O00 

2 

69-976 

»» 

»> 

2403 

♦    6964 

2 

f» 

>» 

248-7 

♦    60-62 

4 

60-549 

»» 

M 

3108 

*    41-60 

2 

41-697        „ 

101 

7-8 

452-6 

36-89 

2 

»» 

i» 

495-8 

♦    29-87 

4 

29-877 

»» 

„ 

541-4 

*    23-92 

6 

23-926 

»» 

»> 

586-6 

♦    19-42 

6 

19-412        „ 

„ 

*i 

620-9 

♦    1044 

6 

10-436 

100 

»» 

689-6 

♦    08  62 

6 

08-630 

n 

1) 

703-6 

*    07-66 

6 

07-672 

«i 

„ 

7110 

01-96 

2 

«» 

,, 

764-9 

01-46 

2 

„ 

if 

758-8 

♦3696-26 

6 

3695-256 

It 

»> 

806-7 

♦    86-66 

6 

86-684 

»» 

»» 

873-3 

♦    77-99 

7 

78-014 

099 

7-9 

940-7 

♦    7018 

6n 

70-183        „ 

»» 

>» 

28001-9 

♦    69-91 

6ii 

69968        „ 

t> 

»» 

004-0 

♦    69-66 

8n 

69-649 

ft 

*i 

006-0 

♦    48-36t 

6ii 

48  332 

tf 

174-1 

♦    48-17 

6n 

48-175 

a 

8-0 

175-6 

♦    47-94 

6n 

47-941 

i» 

tt 

177-4 

♦    32-27 

6ii 

32-262 

098 

ft 

302-4 

♦    32-14 

5n 

32-143 

,j 

M 

303-4 

♦    31-97 

6n 

31-982 

,^ 

tt 

304-8 

♦3497-67 

3 

97-668 

097 

81 

582-3 

♦    96-96 

3 

96962 

i» 

if 

688-2 

♦    95-99 

4 

96-974 

a 

5961 

♦    88-80 

4 

88-817 

t> 

It 

655-0 

♦    8301 

4 

83047 

tf               «f 

702-7 

♦    60-47 

6 

6O460 

„     j    8-2 

889-6 
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Silicon  (Spark  Spectrum). 

Eder  and  Yalenta, '  Sitzber.  kais.  Akad.  Wiasensch.  Wien/  evil.  (2),  1898. 
Exner  and  Haschek,  iHd.,  cviii  (2),  1899. 
Lockyer,  *  Proc.  Royal  Soc.,'  Ixv.  p.  449.    1900. 

t  Observed  also  by  Connt  de  Gramont,  who  gives  also  lines  at  6969*7,  6342*2, 
6978*9,  6960*3,  6948*0 ?,  60600,  6046*6. 

*  Observed  also  by  Rowland,  whose  values  are  4103*101,  3906*666,  2987*766, 
2881-696,  2631-392,  2628*699,  2624*206,  2619*297,  2616*210,  2614*417,  2606*994, 
2443-460,  2438*864.  2436*247,  2216*760. 2211*769,  2210-939,  2208*060.  Rowland  gives 
also  lines  at  6948*761,  6771*360,  6708*620,  6646-886,  and  2218*146. 

t  3807  Lunt,  *  Astroph.  J/  xl  p.  269  (1900). 


4c 


Eder  and  Yalenta 

Ezner  and  Hasohek 

Lookyer 

Reduction  to 
Vaoaum 

Oscillation 
Frequency 

Intensity 

Intensity 

Wave- 
length 

1 

Wave-length 

and 

Wave-length 

and 

A  + 

Character 

Charaotei 

a"" 

__ 

__ 

4764-20 

1 

__ 

1*31 

6-8 

209840 

— 

— 

t4674-9 

In 

4676*3 

1-25 

6*0 

21862 

— 

— 

t    67*96 
t    62*76 

In 

68*0 

f» 

»« 

886-4 





3n 

62*8 

»f 

6-1 

967-6 

t4131-0 

4b 

— 

— 

4131-4 

1-18 

6*8 

24200 

t    28*2 

4b 

41281 

6b 

28-3 

f« 

•t 

217 





-. 

..* 

16-4 

«« 

f> 

292 

— 

^ 

•    03-2 

In 

_ 

„ 

•• 

364 

_ 



4096*8 

lb 

«_ 

«> 

6-9 

402 



— 

.. 

.. 

4089*1? 

1-12 

f» 

447  f 

— 

— 

80*1 

2b 



1-11 

7-0 

743 





21*0 

lb 



«> 

i» 

862 

3906*80 

3b 

♦3906-71 

6r 

_3. 

108 

7*3 

26694*6 





3883*46 

1 



1-07 

f» 

789-7 





71*60 

1(CN) 



„ 

t* 

819-4 

3862*76 

3b 

62*80 

4n 

3862*7 

i» 

7*6 

880*7 

56*20 

3b 

6619 

6n 

66*1 

1-06 

If 

924-7 

64*00 

lb 

64-02 

In 

ff 

»» 

989-6 



— 

63*62 

In 



y. 

»f 

942-1 

34-4 

I 







,» 

f* 

26072 

26*7 

I 

— 





>» 

>f 

126 

.    — 



106-90 
3796*60 

3n 



1*06 

7*4 

260*6 

3796*9 

2 

2n 

_« 

»t 

«f 

882-6 

911 

1 

91-8 

lb 

..^ 

>t 

f» 

366 

— 

— 

91*0 

In 



>, 

«* 

371 

31911 

1 

— 





0*90 

8*9 

31328 



— 

3093*6 

lb 

i_ 

0*87 

9*2 

82316*8 

3086*8 

1 

86*6 

lb 

_« 

(, 

fi 

389 

2987*77 

4 

♦2987-77 

1 

i_ 

0-84 

9*6 

33460-8 

2881*70 

10 

♦2881-78 

16 



0-82 

10*0 

84688*4 

2689*8 

1 



.» 



0-77 

10*8 

37181 

77-4 

1 

— 

.. 

_ 

•t 

10*9 

338 

69*0 

1 

— 

.. 



f» 

f* 

597 

31-39 

8 

♦2631*38 

3 

— 

0-76 

11*0 

988-6 

2668*8 

2 

2668-8 

In 

_ 

0-76 

11*3 

38917 

41-89 

8 

41*90 

2 

— 

0-74 

11-6 

39330 

34*7 

1 







It 

»f 

440*9 

332 

4 

32-46 

1 



»» 

4626 

28-60 

8 

♦    28-60 

8 



„ 

116 

530 

24-21 

8 

♦    24*21 

6 



,, 

«» 

698-6 

19*30 

8 

♦    19*30 

6 

..^ 

•* 

»» 

666 

1        16-21 

10        ! 

♦    16*26 

10 



Q-73 

ti 

719*4 

U      U-42 

7 

♦    14-41     • 

6 

— 

>t 

>t 

760*8 
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Silicon  (Spabk  &TECTRVV)—oontinvsd, 


Eder  tad  Y«l«nU 

Ezner  and  Haschek 

Lockyer 

Reduction  to 
Yaonnm 

Oscillation 
Frequency 

Intensity 

Intensity 

mTave* 

J 

Ware-length 

and 

Wave  length 

and 

length 

X+ 

Character 

Character 

X 

t       250699 

8 

*250701 

6 

__ 

0-78 

11-7 

89861-0 

2479-8 

1 

2478-68 

1(CN) 

— 

tf 

11-8 

40817-6 

62*22 

3 

62  23 

In 

— . 

tf 

120 

752-9 

46-0 

8 

45-63 

1 



0-72 

It 

871-7 

— 



♦    43-91 

In 

— 

ft 

ft 

904-7 

43-46 

2 

*    43-47 

In 

— 

It 

•t 

905-4 

38-86 

2 

*    38-87 

In 



tt 

121 

988-6 

86-25 

8 

3522 

3 

— 

tt 

tt 

410401 

2356-9 

1 

.. 

— 

— 

0-70 

12-6 

42416 

03-3 

1 



— 



0-69 

180 

48403 

— 

— 

2296-96 

1(C) 

— 

»» 

tt 

6221 

2219-5 

1 

— 

— 

067 

18-7 

46041 

18-16 

1 



— 

— 

ft 

ft 

063-4 

16-76 

4 

*     16-75 

In 

— 

tt 

t* 

092-8 

118 

3 

*     11-87 

In 



•t 

18-8 

194-4 

109 

3 

♦     10-97 

1 

— 

tt 

tf 

217-8 

08-1 

8 

♦    08  1 

1 

— 

tt 

tt 

274 

2122-8 

2 

^-. 

— 

— 

0-65 

14-6 

47092 

1929-0 

1 

— 

— 

— 

0-62 

16-6 

61828 

Abgon  (Vacuum  Tube). 
The  red  end  of  the  red  speotmm  of  Argon. 

Range,  *  Astcoph.  J.,'  ix.  p.  281.    1899. 
Range  and  Pasohen,  *  Astroph.  J./  tUL  99.    1898. 

*  Theeelinef  belong  also  to  the  '  blue  spectram.' 


Ware- 
length 
(Range) 

Intensity 

Previoas  Measorements 

Redaction  to 
Vacaam 

Oscillation 
Freqaency 

Range  and 
Paschen 

Eayser 

Crookes 

X  + 

1 
X 

8014-73 

1 

_ 

_^ 

_„ 

2-17 

34 

12473-6 

06-00 

1 

— 

— 

__ 

2-16 

ft 

487-2 

7948-32 

1 

7962 

— . 



2-15 

tt 

577-9 

7724-15 

2 

7726 

7723-4 



2-09 

3-6 

942-9 

7636-19 

3 

76362 

7636-6 

7646 

2-07 

tt 

130937 

7614-77 

3* 

7616-4 

7615-1 



2-04 

3-6 

303-6 

04-04 

04-6 

03-4 

7506 

2*08 

If 

322-6 

7435-77 



— 



2-01 

t» 

444-9 

7384-18 

6* 

7384  22 

7383-3 

7377 

2-00 

3-7 

638-8 

72-28 

— 

— 

— 

— 

— 

660-6 

68-42 





_« 

1-99 



597-3 

1616 

— 

— 



1-98 

— 

664-7 

1180 

— 

— 

~~ 

— 

— 

672-8 

727313 

5* 

7273-04 

7271-6 

7263 

1-97 



746-6 

07-20 

— 

— 

— 

1-96 

— 

87X-aJ 

Kasini,  Anderlini,  and  SsAyadorilAooad.  Lincei  AttU  Tiii.  269  (1899)1  give 
red  lines  at  7980,  8030,  8140»  8320,  8460,  and  8675. 

190L  H 
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t  These  lines  belong  only  to  the  '  bind  speotnim.* 


Wave-length 

Previoos  Measnrements 

Bedaotion 
to  VaoQum 

Intensity 

OBcillation 
Frequency 

Bonge  and 
Pasohen 

and 
Character 

Eayser 

Crookes 

X+ 

1_ 

7147-30 

1 

7146-8 

_ 

194 

3-8 

13987-5 

7068-83 

1 





1-92 

ft 

14142-8 

67-54 

6» 

7066-6 

7056-4 

t» 

ft 

165-4 

30-54 

2* 

29-2 

1-91 

tt 

219-9 

6965-81 

6» 

6964-8 

6965-6 

1-89 

8-9 

351-9 

37-99 

2* 

37-8 

._ 

1-88 

tt 

409-5 

6888-83 

1 

»». 

_« 

1-87 

tt 

612*3 

80-26 

1 

_ 

___ 

f> 

ft 

30-4 

71-66 

4* 

6870-6 



1-86 

ft 

48-8 

27-85 

<1 

— 

— 

•t 

4-0 

641-9 

6766-97 

1 



i_ 

1-83 

773-7 
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1-37 

5-6 

935-4 

02-64 

02-505 

4 

ft 

tt 

984-4 

4943-04 

8 

1-85 

5-6 

20224-9 

83-82 

4933-786 

2 

It 

It 

262-8 

Digitized  by 
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VAlULDlvU-^CdnHnusd, 

AroSpeotnun 

IntensUj 

and 
Charaoter 

Bednotion  to 
Yaoniim 

OBoiUaiion 

Frequenoj 

inVaono 

HMtelberg 

Bowlandaad 
Haniaon 

^+ 

1 

«4932*24 

4932-212t 

4 

1*36 

6-6 

20269*2 

♦    26-83 

26-837 

6 

II 

fi 

296-9 

♦    22-60 

22-643 

ft 

t» 

II 

►     809-0 



19-171 

2 

•« 

■    H 

823-0 

♦      6-48 

16-436 

3 

1-34 

tt 

334-3 

— 

13-277 

2 

It 

11 

347-4 

08-92 

08-882 

2 

•1 

A 

366-6 

_ 

07-046 

2 

•1 

n 

3732 

♦    06-06 

-. 

2 

i> 

n 

376-4 

*    0510 

06-060 

8 

9» 

II 

381-3 

•    04-69 

04-676t 

6 

»• 

I* 

883-6 

♦    00-84 

00*820 

5 

M 

II 

899-1 

♦4894-43 

4894-396 

4 

II 

II 

426-9 

♦    91-81 

91-767 

4 

•1 

II 

486-8 

♦    91-48 

91-414 

8 

>• 

»i 

438-4 

♦    9032 

90-266 

3 

M 

•1 

4431 

♦    87-02 

86-990 

4 

II 

II 

466-8 

♦    86-36 

86-827 

4 

» 

ti 

4C1-7 



•82-369 

4 

II 

II 

476-3 

•    81-76 

81-746  r 

5 

II 

19 

478-9 

♦    80-77 

80-746 

6 

ft 

II 

483-0 

*    76-66 

76-674t 

8 

1-33 

N 

604-4 

— - 

73-170 

2 

II 

II 

614-9 

•    71-46 

71-463 

4 

II 

tl 

622-1 



70-334 

2 

II 

It 

626-9 

♦    64-93 

64*943 

8 

t« 

tt 

649-7 

♦    62-83 

62-801t 

4 

II 

tt 

568-6 

♦    69-34t 

~^ 

4 

II 

6-7 

673-2 

— 

•68-809 

4 

I* 

II 

676-6 



♦67-241 

2 

II 

It 

582*1 

— 

64114 

2 

1} 

tl 

695-3 

... 

62*166 

2 

It 

II 

603*7 

♦    61-66 

61-686t 

8 

11 

ft 

606-8 

— 

49-468 

2 

tr 

tt 

615-2 



49-262 

2 

II 

91 

616-0 

♦    48-98 

49-004 

8 

ti 

tl 

617-1 



♦46-799 

2 

It 

91 

626*5 

♦    4316 

43-196 

8 

II 

It 

641*9 

— 

36-040 

2 

1-32 

tl 

676-6 

— 

34*264 

2 

•1 

•1 

679-9 

— 

♦34006 

2 

(t 

19 

681*1 

*    83-17 

33-213 

4 

ft 

tt 

684-6 

♦    32-69 

82-617t 
31-836t 

6 

It 

II 

687*1 

♦    31-80 

7 

ft 

tl 

690-4 

♦    30-86 

30-879 

3 

It 

tt 

694-6 

— 

29*427 

2 

If 

It 

700*7 

♦    29-00 

29*008 

3 

tt 

tt 

702-6 

♦    27-62 

27*638t 

7 

tt 

It 

708-4 

— 

23-031 

2 

ti 

II 

728-1 

♦  Observed  also  by  Lockyer  and  Baxandall,  whose  nnmbera  are :  4932-23,  26 -87, 
22-60, 16-46,  08-90, 0606,  0606,  0460.  00-82,  4894-42,  94*74.  91*40,  90-30, 87*03,  86-89, 
82-36,  81*76,  4880*82,  76-71,  71-50.  6492,  62-83.  69*38,  58-80,  6720,  51-69,  49 06,  46-80, 
43-20,  34-00,  33-24,  32-61,  31-86,  30-90,  2900,  27*63. 
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YAlXJLDlvU^continued, 


Axo  Bpoctnun 

Bednoiion  to 

Intentitj 

and 
Character 

Vaeniim 

OMillatioD 
Frequency 
mVaotto 

HasMlberg 

Bowlandand 
HARiKm 

A+ 

1_ 

*4819-23 

4819-226 

8 

1-32 

6-7 

20744-6 



*08-842 

2 

t» 

ff 

7893 

♦    07-70 

07-786t 

7 

II 

ff 

794-2 

— 

•03-240 

2 

1-31 

H 

8136 

.. 

02-873 

2 

fi 

ff 

817-3 

♦4799-94 

4799-972t 

4 

•f 

If 

827-8 

♦    9920 

99-210 

2 

t« 

ff 

831-0 

♦    9812 

98161 

8 

If 

ff 

836-7 

♦    97-07 

97-119t 

6 

f> 

M 

840-2 

♦    96-27 

95-293 

4 

•1 

ft 

8481 

— 

94*780 

2 

>« 

ft 

8606 

♦    98-10 

93186 

4 

tt 

ft 

867-6 



89-103 

2 

«t 

ff 

876-0 

•    86-70 

86-706t 

6 

It 

ff 

885-6 

♦    84-66 

84-663 

4 

n 

H 

894-4 

^_ 

81-614 

2 

t« 

58 

908-2 

♦    76-70t 

76-644 

4 

It 

fi 

929-8 

♦    76-54t 

_ 

6 

If 

II 

929-8 

•    73-26 

73-263 

3 

If 

If 

944-2 

♦    72-74 

72-781 

2 

ti 

ff 

946-4 



69-208 

2 

>t 

II 

9620 

♦    66-80 

66-838t 

6 

1-30 

II 

9716 

*    6684 

65-869 

8 

ti 

fi 

976-8 

— 

•64-224 

2 

ft 

II 

9840 

— 

•69-210 

2 

ff 

11 

21006-1 

♦    67-68 

67-686 

6 

ff 

If 

012-8 

♦    67-65 

.. 

4 

If 

fi 

013-4 

♦    64-13 



6 

ff 

»f 

028-6 

— 

•62-036 

2 

fi 

If 

037-8 

♦    61-76 

61-769 

4 

ff 

f« 

089-1 

♦    61-46 

61-463 

2 

If 

II 

040-4 

♦    5116 

61-211 

4 

ff 

II 

041-6 

♦    48-70 

48-723 

4 

f» 

If 

0626 

*    47-80 

47-813 

3 

ft 

If 

068-8 

♦    46-81 

46-827 

4 

II 

ff 

060-9 

♦    42-79 

42-819 

4 

If 

ff 

078-8 

♦    89-79 

39-849 

2 

fi 

fi 

092-1 

•  Lockyer  and  Bazandall,  4819-23,  08-84,  0778,  03-24,  4799-98. 99-20, 98-19,  97-08» 
96-36,  9316,  8671,  84-72,  7663,  78 29,  72-76,  66-82,  66-91,  64 22,  6920,  6895,  67'62, 
64-13,  62-06,  61-79,  61-46,  6118,  4870,  4780,  4687,  4286,  39-80. 
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YAVADivu^otrntinued. 

"  Signifies  that  the  line  U  doable;  b*  that  the  line  U  sharply  defined  on  the 
violet  side  and  nebalous  towards  the  red ;  and  b'  means  that  it  is  sharp  on  the  less 
refracted  side  and  neboloos  towards  the  violet. 


AroSpeotnxm 

Spark 

Intensity  and 

Redaction  to 

Speotrum 

Character 

Yaouam 

Freqaency 
in  Vaoao 

Hasselberg 

Rowland  and 
Harrison 

Exnerand 
Haschek 

Aro 

Spark 

X+ 

1 

♦4738-61 

4738-505 

3 

1-30 

6-8 

21097-9 

♦     87-91 

37-924 

2 

ft 

It 

100-6 

♦     8212 

32-108 

8 

n 

tt 

126-4 

♦     31-74 

31-745 

3 

tf 

tt 

128-1 

♦     31-42 

31-443 

3 

•f 

tt 

129-5 

*     80-57 

30-574 

4 

t» 

ft 

133-8 

♦     29-78 

29-724 

4 

129 

tt 

137-1 

♦     28-86 

28-840 
♦24-075 

2 
2 

tf 
11 

ft 

ft 

141-0 
162-3 

♦     23-65 

23-626 

2 

tt 

ft 

164-8 

•     2306 

23-055 

6 

11 

ft 

166-9 

♦     21-70 

21-704 

6 

It 

ft 

173-0 

♦     21-42 

21*444 

3 

tt 

tt 

174-2 

»     17-86 

17-874 

5 

11 

ft 

190-3 

♦     16-36 

16-377 

3 

tt 

tt 

197-0 

♦      16-08 

,  16-079 

4 

>t 

tt 

198-3 

♦      15-61 

15-660 
♦  15-488  Ti 

3 
2 

tt 
ti 

tt 
tt 

200-3 
200-9 

♦     14-28t 

6 

tt 

tf 

206-4 

♦     13-61 

13-639 

3 

ti 

tt 

209-3 

*     10-74 

10746 
09-130 
08-397 

6 
2 
2 

t» 
tt 
tt 

tt 

ft 
tt 

222-8 
229-5 
232-8 

♦  07-62t 

•  06-76t 

07-629 

4 

ft 

5-9 

236-3 

06-761 

5 

f> 

tt 

240-2 

♦     06-34 

06-367 

5 

ft 

tt 

242-0 

»     06-26 

06-278 
♦02-689 

4 
2 

ft 
ft 

tt 
tf 

246-8 
268-5 

4699-52t 

4699-605 

4 

tt 

tf 

272-9 

♦     90-45 

90-438 

2 

1-28 

tt 

314-0 

»     88-24 

2 

ft 

ft 

3241 

♦     87-10 

87100 

5 

ft 

ft 

8298 

♦     84-64 

84-634 

4 

tf 

ft 

840-5 

t8209?V 

2 

ft 

ft 

862-1 

♦     8107f 

81-073 

3 

tt 

tt 

366-7 

♦     79-95 

79-961 

8 

tt 

ft 

861-8 

♦     79-65 

2 

ft 

ft 

863-2 

♦     73-83 

73-836 

2 

tt 

ft 

389-8 

♦     72-48t?V 

2 

ft 

ft 

896-0 

♦     70  66 

70-666 

4670-65 

8 

8 

>f 

It 

404-3 

♦     69-60t 

69-487 

2 

— 

ft 

tt 

409-7 

♦     66-33t 

66-32 

4 

2 

tf 

tt 

424-2 

63-314   1 
♦62-605  ; 

6307 

6 

2 

tt 

tt 

439-2 

6202 

2 

ft 

ft 

444-0 

♦     61-01 

2 

ft 

tt 

448-7 

•     67-17t 

57138 

67-15 

2 

2n 

tt 

tt 

466-5 

♦  Lockyer  and  Baxandall,  4738-60,  37-90,  32-17.  31-80,  31-40,  80-58,  29-77. 
28-85,  24-07,  23-66,  23-06,  21 -71,  21 -40,  17-89, 1639, 16  11, 1562, 15-50, 14-29,  13-66, 
10-76,  07-64,  06-76,  0638,  0623,  02-70,  469046,  8824,  8711,  84-57,  81-12,  80-08,  79-68, 
78-88,  72-48,  7066,  69*60,  66-34,  6260,  62-00,  6100,  67*17,  also  lines  at  470993  and 
4682-98. 
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YAXABluu—ooiUinusd, 


Arc  Speotnmi 

Spark 

Intensity  and 

Bednotion  to 

Spectrum 

Character 

Vacnom 

Oscillation 

E*reqaency 
in  vacuo 

Hasselberg 

Bowland  and 

Ezner  and 
Haschek 

Arc 

Spark 

\+ 

1 
X 

4666-65 

2q 

1-28 

6-9 

21468-8 

•4655  47 

4665-410 

56-43 

2 

2 

»» 

tt 

474-3 

♦     54-84 

3 

127 

ft 

477-1 

♦     53-16 

63-106 

6316 

2 

2q 

t> 

tt 

485-0 

•     49-08t 

49-068 

4906 

8 

8 

)t 

If 

603-8 

♦     48-08 

48-046 

2 

tt 

It 

508-4 

♦     46-69 

46-671 

46-58 

6 

6 

f) 

II 

615-7 

♦     4617 

46166 

2 

II 

It 

517-2 

♦     44-64 

44-624 

44-67 

4 

2 

ti 

II 

624-3 

♦  44-239 

44-25 

2 

t» 

It 

6261 

»     40-92 

40-916 

40-91 

4 

4 

II 

It 

641-6 

♦     40-26 

40-232 

40-23 

4 

4 

ti 

}i 

644-7 

♦     3634 

86-343 

26  33 

3 

2 

II 

ti 

662-8 

♦     3636 

35-346 

35-34 

5 

4 

H 

It 

567-5 

34-4 

2 

11 

60 

572 

♦     30-24 

30-236 

2 

99 

It 

691-2 

♦     26-67t 

26-666 

26-67 

4 

4 

II 

II 

607-9 

♦     24-62 

24-681 

24-60 

4 

4 

II 

It 

617-6 

•     21-43 

21-426 

2 

fl 

It 

632-3 

19-97  \ 
♦      19-86/ 

19-896 

19-93 

6 
4 

10 

*> 

It 
tf 

639-3 
639-7 

•190 

2n 

II 

t> 

644 

18-7 

2q 

>l 

ft 

646 

♦      18-00 

18-03 

2 

2 

If 

It 

648-3 

17-48 

2 

1-26 

>i 

650-8 

♦      17-03 

17-02 

2 

2 

•> 

n 

663-0 

♦      16-18 

16190 

16-20 

2 

2 

II 

II 

666-9 

♦     1408t?V 

14094 

2 

»i 

ti 

666-8 

13076 

ti 

ti 

667-3 

•      11-92 

11-94 

4 

8 

•1 

It 

676-9 

♦     11-10 

11-103 

11-13 

3 

2 

II 

t» 

680-7 

♦     09-84 

09-821 

09-82 

4 

4 

ft 

If 

686-8 

08-635 

II 

II 

692-4 

♦     07-40 

07-390 

07-47 

3 

2 

If 

II 

698-2 

♦     06-33   . 

06-321 

06  34 

6 

6 

It 

ti 

701-2 

05-63 

2 

It 

tf 

707-0 

♦     00-34 

00-40 

8 

10b' 

ft 

ff 

731-4 

♦  4694-27t 

4694-216 

4694-31 

9 

12 

11 

It 

760-2 

♦     91-39 

91-406 

91-41 

5 

8 

It 

It 

773-3 

90-63 

2 

ti 

19 

777-5 

89-05 

2 

It 

It 

7850 

♦     88-94 

88-88 

2 

2 

II 

It 

786-7 

♦     86-64t 

86-664 

86-55 

9 

12 

tt 

tt 

796-9 

♦     8616 

8610 

3 

2 

i« 

9t 

798-9 

♦     83.96 

83-967 

83-41 

4 

4 

It 

It 

809-2 

•81-409 

81*86 

2 

II 

tt 

821-6 

♦     80-67t 

80-562 

80-60 

8 

10b' 

1-25 

tt 

825*3 

♦     79-38 

79-373 

79-52 

6 

4 

If 

It 

831-1 

♦     78-92 

78-908 

78-90 

6 

6 

ti 

It' 

833-3 

♦     77-36t 

77-348 

77-36 

8 

10 

1* 

ff 

840-7 

♦     71-96 

71-969 

72-00 

6 

10b' 

It 

tt 

866-4 

•  Lockyer  and  Bazandall,  4656-50,  64-80,  68-13|  4907|  4808,  46-62,  46-20,  44*669 
44*24,  40-92,  40-27,  36*36,  35-38,  30-26,  26-66,  24-61,  21*42,  19-92,  19-00,  18-00,  17*009 
16-20,  1410, 11*96, 11-11,  09-84,  0742,  06-33, 00-41,  469427,  91-41t  88*97, 8651,  86-20, 
88-96,  81*40,  80-67, 79*38, 7889,  77*38,  71*97. 
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Vanadium— ^n^mie^. 


ATcSpeotmm 

Spark 

Intensity  and 

BedQOtion  to 

Spectrum 

Character 

VacQiim 

Freqnency 
in  Yaono 

Hasselberg 

Bowland  and 
Harrison 

Ezner  and 
Haschek 

Arc 

Spark 

^+ 

1 

♦  4570-60 

4570-57 

4 

4 

1-25 

60 

218730 

69-4 

2 

M 

n 

879 

67-40 

2 

•• 

II 

888*3 

•     64-76 

4564-756 

64-80 

2 

12 

ff 

»f 

900-9 

6H05 

2 

tt 

6-1 

904-7 

63-55 

2 

ft 

t> 

906-7 

♦     60-90 

60-893 

60  90 

6 

12 

t» 

M 

919-4 

58-60 

2n 

II 

H 

930-5 

56-95 

2n 

II 

ft 

938-6 

55-63 

2 

•1 

it 

945-2 

•     63-26 

53-22 

5 

8b^ 

M 

tl 

956-8 

62-735 

52-67 

2 

tl 

•1 

958-9 

♦     6205 

52-016 

51-99 

4 

2 

II 

t> 

962-1 

♦     49-81t 

49-824 

49-85 

6 

12 

It 

H 

972-8 

47-97 

2 

n 

tt 

981-8 

♦     46-57 

45-566 

45  60 

7 

14 

II 

II 

993-3 

♦     41-57 

41-6 

2 

2b 

124 

•  1 

22012-9 

♦     40-18 

40-179 

4018 

4 

4 

II 

tt 

019-5 

♦     37-84t 

87-884 

87-80 

4 

4 

II 

II 

020-9 

861 

6 

2b 

n 

II 

039-3 

85  73 

2 

II 

It 

041-1 

36-4 

2q 

n 

II 

042-7 

84  94 

2 

•1 

II 

044*9 

♦84-107 

84-11 

6 

4 

II 

If 

049-0 

♦     30-97 

30-97a 

80-95 

4 

2 

II 

>t 

064-3 

♦     29-76 

29-73 

5 

4 

II 

II 

070-2 

♦     29*47 

29-476 

29-45 

4 

2 

If 

tl 

071-6 

♦     28-66 

28-69 

4 

8 

It 

tl 

075-4 

♦     28-16 

28168 

2812 

5 

4 

II 

•1 

078-0 

♦     2o-31t 

25-337 

25-31 

4s  also 
Fe 

4 

II 

tt 

091-7 

♦     24-38 

24-378 

24-41 

6 

6 

II 

It 

096-3 

28-97 

2n 

II 

II 

098-4 

22-32 

2 

II 

II 

106-5 

20-70 

2 

If 

,t      • 

114-4 

♦     20-67 

20-685 

20-63 

3q 

2 

It 

tl 

114-7 

♦     20-81 

20-331 

20-32 

4n 

2" 

It 

II 

1162 

♦     17-77t 

17-738 

17-70 

4 

4 

II 

tt 

128-9 

16-85 

2n 

II 

It 

133-2 

16-21 

2n 

ft 

tl 

136-3 

♦     15-74 

16-729 

15-71 

3 

2 

fi 

>l 

138-7 

♦      14-36t 

14-357 

14- J7 

5  also 
Fe,Co 

4 

tf 

tt 

145-4 

13-79 

13-792 

13-78 

4 

2 

tl 

It 

148-2 

12-92 

6q 

It 

162-5 

♦     11-64 

11-605 

11-60 

4 

2 

ft 

tt 

158-9 

♦     09-49t 

09-463 

09-46 

4 

2 

II 

tt 

169-5 
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96-31 

5 

10 

II 

ff 

269-4 

♦     91-97 

91-978 

92-01 

6 

10b' 

II 

It 

292-8 

♦     91-46 

91-46 

4 

4 

•» 

It 

295-6 

9113 

2ii 

11 

II 

297-8 

90-45 

2q 

II 

ff 

801-1 

89-87  Cr? 

2 

1* 

II 

304-2 

89-51 

2 

It 

ff 

806-2 

♦    88-96 

2 

It 

ft 

809-2 

♦     87-97 

87-98 

4 

4b' 

II 

It 

814-6 

•     86-67 

86-57 

4 

4 

» 

It 

822-2 

86-24 

2n 

t> 

II 

823-9 

85-60 

2 

It 

If 

327-4 

♦     $4-19 

84-208 

84-25 

6 

12 

ft 

It 

.      335-p 

*     83-06 

83-10 

4 

6 

i« 

II 

341-2 
862-9  . 

»     7912 

7910 

3 

10 

117 

II 

•     77-12t 

77101 

7714 

6 

12 

fi 

>f 

373-7  1 

* 

♦    76-47 

2 

4  »» 

If 

377-3  , 
885-6 

74-96X:Jr? 

2 

>l 

ft 

•    73-54 

2 

ft 

If 

393-^ 

•    72-90 

2d 

H 

tt 

396-8 

♦      71-71 

71-706 

71-68 

6 

4 

ft 

It 

403-4 

♦     70-49 

70-5 

4 

4^^ 

It 

ff< 

410-0 

♦     69-92t 

69-91 

4 

4 

ff 

•t 

413-2 

♦     68-78t 

68-787 

68-83 

6:      . 

14 

fl 

ft 

419-3 

68-CO 

' 

2 

ft 

If 

423-7 

♦     67-60t 

67-55 

3  ' 

4n 

l» 

ft' 

'426-8 

♦     65-28 

65-31 

4b 

4 

II 

iif 

438-5 

64-65 

2d 

II 

ft 

4421 

6400 

2 

II 

iV 

445-7 

♦      62-32 

62-311 

62-32 

4 

6b^ 

t» 

W 

464-9 

♦      61-37t 

61-4 

I      *■ 

2i]| 

t 

II 

^   i 

4600  1 

♦  Lockjfer  and  BatandaU, 43(J9-76,  08-Jl,  0732,  06-4(1, 05-64.  03-70;02-32.  42992^. 
98-79, 98-17, 97-86»97'29,  96-30,  9196,  91-45,  8900,  87-93,  86-57,  84-19,  83-08,  7912, 
77-10,  76-60,  73-60,  72-93,  71*75.  70-51,  6989  68-78,.  67*48  6626,  62*30,  and  also 
4318-04, 06-76, 427863,  e60r,  61-82.  ^  *., 
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VAXUnuu^eoHtinued. 


Aro  Spectrum 

Spark 
Speotmm 

IntenBity  snd 
Churaoter 

Vaonam 

Oscillation 

Freqpency 

in  Vacao 

Hauelberg 

Bowlanaand 
Hamion 

Exnerand 

An 

Spark 

^+ 

1_ 

42C0-90 

2 

1-17 

6-6 

22462-7 

•    60-47 

2n 

tt 

t» 

466-1 

•    60-31 

2n 

ti 

t» 

466-0 

♦4269-46+ 

4269-464 

69-46 

48 

4 

n 

ff 

470-7 

•     67-63t 

67-617 

67-64 

48 

4 

ft 

ft 

481-9 

6717 

2 

»• 

ft 

483-8 

•     66-60 

66-68 

8 

2 

»f 

tf 

491-8 

64-61Cr? 

4b' 

ft 

tt 

498-0 

♦     63-02 

63-00 

8 

2 

t* 

ft 

606-3 

♦     61-46 

51-46  • 

2 

2 

H 

6-6 

614-8 

49-49 

2 

»t 

tf 

625-6 

48-96 

2 

t» 

9t 

628-6 

•     47-46 

47-6 

2 

2b 

t» 

ff 

636-7 

♦    46-88 

2 

•• 

ft 

640-4 

48-98 

2 

1-16 

tt 

666*2 

43-02 

4 

»t 

ft 

661-6 

♦     41-48 

41-46 

4 

4 

»i 

ff 

670-8 

•     40-68t 

40-61 

4 

2 

It 

ft 

675-6 

♦     40-25t 

40-23 

4 

2 

ft 

ft 

677-0 

♦     39-12 

8 

9f 

ft 

683-2 

36-99 

2 

ft 

ft 

6961 

♦    36-78 

2 

$t 

tt 

696-2 

•     86-90t 

86  909 

6 

•» 

»t 

601-1 

36-47 

4 

N 

ft 

608-6 

♦     34-70t 

84-671 

34-71 

6 

4 

•• 

tt 

607-9 

34-3 

2x1 

ft 

tf 

6101 

•     34-12 

84-149 

34-17, 

6 

4 

ft 

ff 

.      610-9 

•  S3-09t 

•  82-63f 

88-007 

88-12 

6 

4 

n 

n 

616-9 

82-604 

32-66 

6 

6 

99 

tt 

619*4 

' 

82-20 

6 

»t 

tt 

621-8 

81*80 

2 

9» 

ff 

626-8 

•     29-87 

29-82 

4 

6 

n 

f» 

636*1 

♦     27-90t 

27-90 

4 

4 

t» 

tf 

646-8 

26-871 

26-86  Oa? 

8 

10 

t* 

H 

661*7 

26-78 

4 

9» 

ft 

662-1 

♦     26-40t 

26-869 

26-40 

2 

8ii 

t» 

f» 

669-9 

2i-70 

2 

n 

f» 

668-7 

♦     2480 

24-32 

i 

4 

tt 

f% 

666-9 

22-77 

2 

9* 

ff 

676*6 

♦     22-49 

22-60 

2 

2 

ft 

ft 

676-1 

•     21-17 

21-20 

20 

2n 

t» 

tt 

6883 

20-21 

4 

»» 

tt 

686-9 

•     19-66 

19-70 

a 

2 

•9 

tt 

691*9 

•     18-86t 

18-87 

48 

4 

•• 

tt 

696-8 

18-66 

2 

tt 

tt 

697-7 

18-30 

2 

«• 

ft 

700-2 

•     16-62 

16-63 

2 

2 

»t 

ff 

709-7 

16-77.Sr7 

2 

ft 

ft 

713-9 

, 

14-12 

2n 

It 

ff 

723-1 

- 

13-8 

2n 

ft 

tt 

724-9 

1317 

I    2q 

f» 

ft 

728-6 

♦  Lookyw  and  BaT>nda11.  4260*46t  60*28, 69*47t  67*60. 66*69. 68*00.  61«42t  47-48. 
46-91,  41*62,  40-64. 40*29, 89*16;  86-78.  86-92»  84*71>  84*18.  SS-Oa,  8S-68»  89'93>  27*99» 
264lj24*86,  22*64» 21*22, l9«.X8-89, 16*^  -' 
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AioSpoetnim 

Spark 

Intensity  and 

Spectrum 

Character 

Vacnnm 

Otcmation 
Fveqnenoy 
in  vacuo 

Hauelbarg 

BowlMiduid 

Ezner  imd 
HMchek 

Arc 

Spark 

X+ 

1_ 
A." 

421102 

4211-02 

2 

2q 

116 

66 

23740-6 

10-66 

2 

»t 

tt 

7483 

♦  09-98* 

♦  06-23* 

4210-002 

10-02 

5 

12 

»• 

It 

746-4 

05-201 

05-30 

2 

16 

116 

tt 

773-4 

•     04-67 

tt 

ft 

776-5 

♦    04-39 

2 

4 

f» 

tt 

778-1 

♦     02-62 

02-606 

02-62 

2 

8 

»• 

tt 

788-7 

•    01-08 

2 

t> 

tt 

796-8 

•     00-36 

00-38 

4 

2 

It 

tf 

800-9 

00-00 

2n 

»t 

6-7 

802*8 

•  4198-78t 

4198-80 

48 

4 

»> 

It 

809-6 

♦     97-77t 

97-79 

48 

4 

tt 

It 

815-4 

♦     97-46t 

97-47 

2 

2 

tt 

It 

817-3 

•    958 

2n 

tt 

tt 

826-7 

•     94-17 

94-21 

2 

2 

t» 

It 

836-7 

♦     91-70 

91-80 

6 

6b' 

tt 

tt 

849-4 

91-11 

4 

>t 

It 

853*8 

90-59 

4 

ft 

It 

856-3 

♦     89-99 

4190-011 

90-03 

5 

6 

ft 

tt 

859-6 

♦     87-82 

2 

ft 

It 

872-1 

•     86-95 

86-93 

2 

2 

tt 

tt 

877-1 

•     83-59t 

8:J67 

2 

16 

tt 

It 

896-0 

•     88-43 

83-07 

2 

tt 

It 

898-1 

♦     82-74 

82-733 

82-77 

5 

4 

N 

ff 

901-0 

•     82-23 

82-26 

3 

4 

H 

It 

902-9 

•     80-99t 

81-03 

2 

2n 

tt 

tt 

909-9 

•      79-63 

79-60 

5 

6 

tt 

It 

919-2 

79-22 

2 

ft 

It 

921-2 

•    78-55 

6 

t» 

ft 

925-0 

•    77-75 

2 

tt 

H 

928-6 

•     77-26t 

77-22 

4 

4 

•• 

M 

932-6 

•     77-02 

2 

ft 

*t 

933-8 

•     76-83 

2 

P» 

ft 

934-9 

76-00 

2n 

tt 

t» 

989-7 

♦     76-30t 

75-30 

2 

2 

M 

If 

943-7 

76-15 

2 

If 

It 

944-5 

*     74-18t 

74*166 

74-19 

4 

4 

ff 

ft 

9491 

•     71-46 

71-46 

4 

4 

ft 

n 

965-8 

•     69-40t 

•    69-41 

8 

4 

ff 

ft 

967-6 

•    69-06 

2 

t> 

tt 

979-5 

67-1 

2b 

114 

If 

990-8 

66-82 

2 

tt 

It 

995-3 

64-60 

4 

tt 

tt 

24005-2 

63-82 

2n 

ft 

tt 

009-7 

6252 

2 

2 

tt 

tt 

017-2 

♦     62-61 

62-2 

2n 

tt 

It 

019-0 

»     60-67 

60-57 

2 

2 

ft 

tt 

028*5 

♦     69-84t 

69-822 

59-87 

5 

6 

ft 

If 

032-7 
042-5  1 

♦     68-14 

*  Lookyer  and  BazandaU,  4210-00,  05-28,  04-67,  0434,  02-50,  0105,  00-30, 
4198-74,  97  74,  97-43,  95-78,  9413.  91-69,  89*95,  87*74,  86*91,  83-60,  83-45,  82-74, 
82-21,  80*95,  79-54,  78-53,  77*67,  77*19,  7700.  76-86,  75-24,  74 18,  71 42,  6937, 
69HW.  67-15,  62-48,  60-48, 59*82,  581 1,  and  also  4260*00,  39-80,  2315, 0673,  4199*97, 
99-75. 
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Arc  Spectram 

Spark 
Speotnun 

Intensity  and 
Character 

Redaction  to 
Vaoanm 

Oscillation 

Freqnenoy 

in  Vacno 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haechek 

Aro 

Spark 

X+ 

1 
A. 

♦4166-00 

415600 

3 

2" 

1-14 

6-7 

24054-9 

♦     55-39 

2 

n 

ft 

058-4 

-      6349 

53-49 

3 

2 

ft 

tf 

069-4 

♦     52-81 

52-80 

4 

4 

„ 

ft 

073-4 

62-3 

2ii 

}f 

i» 

076-3 

♦     61-62 

61-50 

2 

2 

»> 

079-9 

♦     60-84 

60-83 

4 

4 

}» 

6-8 

084-8 

♦     49-02 

49-00 

3 

4 

»} 

ft 

095-3 

♦    47-85 

2b- 

fi 

tf 

102-1 

•     4302 

43-07 

2 

2 

tt 

f» 

130-0 

♦     42-76t 

42-77 

3 

2 

t« 

tf 

131-7 

♦     41-96 

42-00 

3 

2 

#9 

t» 

136-2 

♦    41-61 

2n 

t* 

ft 

1890 

40-22 

2n 

ty 

It 

146-5 

♦     89-39 

39-40 

4 

6 

t> 

If 

151-3 

»    38-27 

4 

»t 

ft 

157-9 

♦    3714 

2b' 

t» 

tt 

164-5 

•     36-62 

36-63 

4 

4 

ft 

ft 

168-1 

♦     86-26 

36-21 

4 

4 

If 

ft 

169-8 

♦     35-40 

2 

tt 

tt 

174-7 

♦     34-61t 

4134-617 

34-62 

7 

14 

ft 

tf 

179-2 

♦     33-92 

33-91 

4 

4 

tt 

ft 

183-3 

♦     32-13t 

32-123 

82-15 

7 

16 

ft 

ft 

193-8 

•     81-32 

81-297 

31-32 

2 

2 

ft 

tf 

198-6 

♦     30-3 

2b 

113 

ft 

204-5 

♦     2900 

28*99 

4 

6 

ft 

ft 

212-2 

•     28-25t 

28-162  ? 

28-25 

7 

16 

ft 

ft 

216-5 

26-07 

2 

ft 

tt 

229-3 

•     24-28 

24-196 

24-26 

4 

4 

ft 

It 

240-1 

•     23-65t 

23-70 

6 

8 

tt 

tt 

243-4 

♦    23-30 

4 

tt 

It 

245-6 

•     2113 

21-15 

2 

2 

tf 

258-3 

♦     20-69 

20-666 

20-69 

4 

6 

tt 

tt 

261-0 

♦     19-68t 

19-576 

19-60 

4 

6 

ft 

ft 

267-5 

♦     19-25 

2 

ft 

tf 

269-6 

•     18-73 

4 

ft 

ft 

272-6 

♦     18-34 

18-320 

18-38 

5 

10 

>i 

ft 

274-8 

16-86t 
•     16-64t 

16-631 

1      16-70 

3 
6 

14 

»f 

It 

283-6 
284-9 

•     15-32t 

15-311 

15-38 

7 

16 

tf 

It 

292-6 

♦     14-69 

14-68 

3 

4 

ft 

ft 

296-4 

♦     13-65 

13-637 

13-66 

5 

8 

ft 

302-6 

♦     12-47t 

12-60 

3 

6 

ft 

It 

309-4 

ll-92t 

11-916 

♦  r  12-10 
tll-8 

8 

f8n 
i8n 

>t 
ft 

ft 
ft 

311-7 
312-7 

♦     10-93 

2 

ft 

It 

318-6 

♦     09-94t 

09-906 

09-98 

7 

14 

if 

ft 

324-5 

♦    09-19 

2 

'     >» 

»t 

328-9 

*  Lockyer  and  Baxandall,  4155-95,  55-34.  5347,  52*80.  51-46.  6080,  60-22.  49-01, 
47-90, 43-02,  42-80,  41-91^  41-60,  39*34,  38  17,  37-36,  .3706.  36 55,  36*27,  36'40,  34-61, 
33-86,  32-08,  31-26,  30-28,  28-94,  2820,  2416,  2359,  23-30,  21-08,  20-65, 19-66,  19 23, 
18-76,  18-34,  16-64,  16-33, 14-69.  13-62,  12-50,  1200,  11-22.  10-86.  09-89,  09-20.  also 
4184-55,  80-12,  66-86.  68-58,  66-65,  5416,  4616,  45-62,  43*47,  82-93,  31-07,  30'44| 
27-56,  27-16,  22»94,  22*45,  21-75. 
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Spark 

Intensity  and 

Redaction  to 

Are  Speounm 

Spectrum 

Character 

Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

A.+ 

1_ 

a" 

*  4108-36 

4108-38 

■ 
4 

6 

113 

6-8 

24333-8 

•      07-64t 

4107-699 

07-64 

3 

2 

>f 

ff 

338-1 

•      06-32t 

05-38 

6 

8b' 

If 

ff 

351-6 

•      04-92t 

04-92 

4 

6 

«t 

ft 

•     354-2 

*      04-55 

04516 

04-59 

4 

6 

tf 

ft 

856-4 

•    03-57 

2 

tf 

ft 

362-2 

*      02-31t 

02-285 

02-31 

6     , 

10 

If 

It 

869-9 

01-16 

4 

ff 

If 

376-6 

*  4099-93t 

4099-921 

00-00 

7 

16 

fi 

6-9 

883-7 

♦409903 

2 

ff 

ft 

889-1 

*      98-64t 

98-510 

98-55 

4 

4 

If 

ff 

392-1 

*      97-09t 

97-08 

3 

2 

It 

tf 

400-7 

•      96-64t 

95-607 

95-66 

6 

12 

ff 

ff 

409-4 

*      94-42 

94-41 

4 

4 

ff 

ft 

416-6 

*      93-65 

93-66 

4 

4 

1-12 

tf 

421-1 

•      92-83t 

92-86 

6 

8n 

fi 

ft 

426-0 

*      9254t 

92-582 

92-53 

4 

4 

II 

n 

427-9 

•      92-09 

92-10 

3 

4 

If 

ft 

430-4 

♦     90-70t 

90-7(« 

90-79 

•     6 

16 

II 

If 

438-6 

85-81 

4 

1* 

ff 

468-0 

*     84-90 

2 

If 

ft 

473-5 

•    83-07 

6 

If 

ft 

484-5 

80-6 

26 

tt 

tf 

487-3 

77-849  Sr 

77-86 

2 

ff 

ff 

515-8 

♦     72-30 

72-32 

4 

2 

ff 

ft 

549-2 

*     71-67t 

71-664 

71-65 

5 

4 

ff 

II 

5531 

♦    70-92 

2 

>i 

It 

557-6 

•    68-13 

4 

>f 

ti 

574-4 

♦     67-90 

67-87 

3 

4 

ff 

fi 

575-9 

67-13 

2 

If 

II 

580-4 

•     65-21 

122 

ff 

II 

5920 

•     64-09 

64*061 

6412 

5 

6 

If 

It 

598-9 

♦    62-86 

2 

ff 

It 

606-3 

•     61-75 

2 

If 

II 

613-0 

*     60-97 

61-00 

2 

2 

It 

ft 

617-7 

58-95 

2 

ff 

tf 

6300 

♦     57-21 

67-206 

57-22 

6 

8 

ff 

It 

640-5 

56-41 

4 

If 

ff 

645-4 

♦    53-76 

8 

111 

tf 

661-6 

♦    53-40 

2 

If 

tt 

663-7 

*     62-60 

52-60 

2 

2 

11 

tf 

668-6 

*     51-48t 

51-485 

51-52 

5 

10 

II 

ft 

675-4 

*     51-11 

51-13 

5 

10 

II 

ft 

677-6 

49-20 

4 

II 

ti 

689-3 

•    .48-77 

48-78 

4 

4 

II 

If 

692-9 

47-60 

2 

II 

ft 

699-1 

*     4706 

4708 

2 

2 

II 

If 

702-4 

46-50 

6 

II 

ft 

705-8 

*     42-78 

42-759 

42-81 

4 

4 

ff 

ft 

729-6 

*     41-72 

4 

tf 

ft 

735-0 

*  Lockyer  and  Baxandall,  4108-32, 07-60,  06-33,  04-93, 04-52,  03-64,  02-26, 4099*94, 
98-99,  98-50,  9706,  95-60,  9438,  9361,  92*81,  9256,  92*08,  90*74,  84-92,  8307,  72*28, 
T167.  70-94,  6816,  67-96,  65*54,  6411,  62*92,  61*76,  61-00,  57-21,  63*81.  58*41,  52*60, 
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889-9 
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If 

ff 
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4 

ff 

ft 

904-0 

85-06 

2b 

II 

If 

915-4 

84-09 

8 

•1 

ft 

932-5 

83-55 

2n 

II 

M 

941-9 

82-59 

16 

If 

ff 

968-8 

81-00 

10 

If 

12-5 

986-7 

80-3 

2n 

ff 

If 

999 

79-24 

10 

ff 

It 

42017-8 

77-0 

2b 

If 

ft 

057 

75-9 

2a 

tf 

It 

077 

' 

74-76 

2 

tf 

It 

097-2 

74-2 

2ii 

ft 

If 

108 

78-15 

10 

0-70 

ff 

125-6 

72-67 

2 

It 

If 
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6 

If 

It 
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7119 

18 

If 

ft 
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67-71 

6 

f> 

ft 
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2 

If 

ft 
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66-53 

4 

ft 

tf 
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16 

ff 

tf 
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65-73 

2 

ff 

ff 

267-3 

62-71 

4 

ft 

If 

311-7 

60-42 

6 

ft 

If 

352-8 

58-82 

14 

tf 

12-6 

881-6 

57-89 

6 

ff 

tt 

398-2 

67-60 

2b 

ff 

tf 

403-4 

66-3 

2n 

It 

ft 

427 

65-3 

2 

ff 

tf 

445 

64-74 

4 

It 

If 

466-0 

62-25 

10 

ff 

tf 

6000 

61-64 

6 

If 

12-7 

610-9 

51-33 

4 

If 

tt 

616-6 

49-87 

8 

11 

ft 

642-9 

49-37 

2n 

If 

ff 

643-8  / 
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HMMlberg 
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Exner  and 
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Aio 

Spark 

X+ 

1 

x" 

2848*80 

8 

0-70 

12-T 

42571-6 

47-57 

3 

)• 

ft 

584-8 

47-20 

8 

ft 

tt 

591-3 

46*92 

6 

ti 

tt 

596-4 

46-41 

10 

t( 

tf 

605-8 

4891 

6 

H 

tt 

6510 

48-20 

10 

ft 

tf 

664-2 

42-26 

10 

M 

tt 

681-2 

41-49 

2 

t( 

tt 

695-3 

40*6 

2b 

tt 

711 

39-9 

2q 

It 

tf 

724 

8902 

2 

12-8 

740-3 

87-46 

6 

It 

tf 

768-8 

37-28 

8 

tt 

772-1 

86-20 

6 

tt 

tt 

791-8 

86-59 

6 

ft 

tf 

803-0 

85-44 

2 

tt 

tf 

805-8 

34-30 

10 

tt 

tf 

826-8 

83-70 

6 

ft 

833-6 

31-86 

10 

tt 

tt 

871-4 

31-88 

6 

tt 

tt 

880-4 

3053 

12 

It 

tt 

8960 

80-8 

6q 

tt 

tt 

900 

29-08 

8 

tt 

tf 

923-8 

28-2 

2b 

tt 

tt 

939-0 

2613 

4 

tt 

12-9 

977-1 

25-22 

10 

0-69 

n 

993-9 

23-92 

12 

It 

tt 

43017-8 

19-91 

4 

ft 

tt 

092-2 

1907 

8 

tt 

107-8 

18*10 

10 

tt 

tt 

125-9 

17-61 

6 

ft 

tt 

135-0 

16-8 

2b 

tt 

ft 

150 

15-8 

2b 

tt 

tt 

169 

1507 

2 

tt 

tt 

182-8 

14-25 

8 

It 

t» 

197-8 

12-5 

2b 

ff 

230 

11-40 

8 

13-0 

2510 

09-91 

8 

tt 

ft 

278-7 

0914 

2 

ft 

t« 

293-3 

08-87 

2 

ft 

tf 

298-2 

08-35 

2b 

tt 

ft 

308-1 

06-45 

2n 

tt 

tt 

343-8 

04  82 

2 

ft 

ff 

374-3 

03-29 

2 

ft 

ft 

403-2 

02-30 

2 

tt 

tt 

421-8 

2297-91 

8 

ft 

tt 

504-8 

96-93  C? 

4 

ft 

ft 

523-3 

96-39 

2 

ft 

13-1 

533-6 

95-91 

2 

ft 

542-6 

95-65 

4 

ft 

ft 

647-6 

95-56 

4 

ft 

ft 

549-5 

9503 

6 

ft 

ff 

659-4 
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8 

ft 

ft 

699-6 

92  64 

6 

ft 

•> 
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YAiSADiVM^Hfontinued, 


Arc  Speotrom 

Spark 

Intensity  and 

Reduction  to 

Spectnun 

Character 

Vaonnm 

Oscillation 

Pregudncy 

in  Yacno 

Hasselberg 

Rowland  aijid 
Hamson 

Exner  and 
Haschek 

Arc 

Spark 

X  + 

1_ 
A 

2291-5 

2n 

0-69 

131 

43626 

90-62 

6 

It 

ft 

636-7 

89-27 

4 

»t 

i> 

656-4 

88-69 

4 

»» 

ff 

674-7 

88-12 

4 

If 

ff 

691-1 

87-99 

4 

t» 

13-2 

693-3 

86-60 

6 

t* 

If 

740-9 

84-98 

2 

»i 

»i 

750-9 

84-80 

2 

*t 

If 

754-4 

84-6 

2n 

II 

It 
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83-85 
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ft 
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822-0 

80-38 
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It 
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Isomeric  Naphthalene  Derivatives. — Report  of  the  Committee^  consisting 
of  Professor  W.  A.  Tilden  (Chairman)  and  Dr.  H.  E.  ARM- 
STRONG {Secretary).     (Drawn  up  by  the  Secretary.) 

The  investigation  of  the  bromoderivatives  of  )9-naphthol»  referred  to  in 
several  previous  reports,  has  been  continued  during  the  year  with  the 
assbtance  of  Mr.  W.  A.  Davis,  and  practically  completed.  The  results 
are  embodied  in  the  following  tables  : — 

IsofMrio  jBromO'fi'Naphtholi. 


Bromo^eriTmtiTe 


JTo.l. 
Br 


00 


OH 


Bz    /Muiphthol    and 
Br.. 


Br 


Ab.J. 


00 


OH 


Ez  dibromo  No.  1  and 
iodhydrio  ooid  at 
ordlnaiy    tonpera- 

,    tare. 


Br 

■00 


OH 


Ez  ^-naphtbol  in 
glacial  aoetlo  aoid 
andSBr.. 


Br 


JVo.S. 


OD 


OH 
Br 


>-iiapDthol 
No.  1,  and  iodimlrio 
acid  at  100«, 


PropertiM 


Slender  needles,  eadlv 
soluble  in  acetic  add, 
m.p.  8S». 


Prom  benzene  in  long 
needles,  m.p.  197<* ; 
from  glacial  acetic 
acid  in  maMtve  crrs- 
tals,  m.p.  84<^,  which 
effloresce  in  air. 

Aoetattt  m.p.  103**. 


From  glacial  acetio 
acid  in  lastroos  nee* 
dies  -I- 1  moL  O.H«0. 
m.p.  84** ;  from  light 
petroleum  in  slender 
needles,  m.p.  106**. 

AeetaU^  lustroos  plates, 
m.p.  ISfto. 


From  tdoene  in  siUcy 
needles,  m.p.  187*6®. 

Aetuae^  ex  acetone  in 
trann)areiit  rhombs, 
m.p.  ilZ**. 


Oonvertible  by  HNO. 
into 


1-Nltro-S-naphthoL 
m.p.  IDS". 


1  -  Nitro  -  S  •  naphthol, 
m.p.  108**. 


(1)  1-Kitro^bromo-S- 
naphthol;  from  al* 
cohol  in  slender 
yellow  needles,  m.p. 
IM**. 

(S)  l-Bromo-^•naph- 
tbaqoinone  (m.p.  de- 
pendent on  rate  of 
heating),  and  4  : 8- 
dibromo-  ^  -  naphtha- 
qoinone,  m.p.  171**; 
both  qoinonescrystal- 
liae  fromethylio  ace- 
tate in  magnificent 
red  prisms. 


Bemarki 


BeadilydissdlTesln  iod- 
hydrio acid,  yielding 
^•naphthol. 


Both  the  naphthol  and 
the  dibromoqninone, 
m.p.  171«,  yield  4- 
bromoDhthattc  acid 
on  oxidation  with  di- 
late nitric  add.  Both 
the  mono-  and  dibro- 
moqainone  yield  with 
aniline  a  mixtare  of 


Br 


CQ 


OH 


m.p.  S78-S7I'*. 


CQ 


m.p.  so«^. 


KHPh 


Br 


When  heated  with 
alcohol  and  H.8O4 
8'ft  hoors  at  100<* 
yields  88  per  cent,  of 
ether,  OiABr.OBt, 
m.p.  W*. 
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BroHo-dolTAtlTe 


Prop«rtiei 


Conrertible  bj  HNO, 
into 


Bem«rks 


Br 


Jfo.t. 
Br(?) 

00 


OH 


Bx    tribromo-/l-iutph- 
tbol  No.  S  aod  iod- 
,    hydrio  acid. 


From  b«ns0iM  and  light 
petroleom  in  long 
needlM,  m.p.  1S4'6<*. 

AataU^  oryttaUiaea  In 
amall  oolonrleta 

needles,  in.p.  87-88^. 


With  aloohol  and 
HaSO«  6  boon  at 
lOOo  yields  61-0  per 
oent.  of  tther^  which 
cryttalliBea  from  aloo- 
hol in  silky  tafta  of 
needles,  m.p.  88^, 


Br 


jro.l. 
Br 

00 


OH 
Br 


Ex  A-naphthol  In 
aoetio  solution  and 
SBr^ 


Net, 
Br(?)Br 


Br 


lr(?)Br 

to 


OH 


By  action  of  bromine 
(ezceaa)  "  " 
nH>hthol 


'(ezceaa)  on  dry  p- 
•■'  latlOO**. 


JTo.t. 


(Q 


OH 
Br 


Ex  tetrabromo  fl-naph- 
tbol  No.  1  and 
boiling  iodhydrio 
aoid. 


From  aoetio  acid  in 
nom-tglorettenU  lus- 
troos  needles,  m.p. 
1»6». 

ActiatA,  from  ethylic 
acetate  in  long, 
slender,  InHroos 
needles,  m.p.  184<*. 

BeHMoaU,  m.p.  187^. 


From  aeetio  acid  in 
small  ^oretcent  nee- 
dies  +  1  mol.  C,H«0„ 
m.p.  1690. 

Acetate^  from  ethyl  ace- 
tate or  acetone  in 
brilliant,  slender 
needles,  m.p.  149^. 

JBeiuoate,  ex  ethyl  ace- 
tate in  silky  needles, 
m.p.  164^. 


From  glacial  aceUo 
add  in  (lat,  ^piores' 
€tnt  needles  (with 
1  mol.  0«H«0|);  melts 
atlS4^ 

Aeetatet  from  ethyllc 
acetate  in  slender 
Instrous  needles,  m.p. 
147*. 


(1)  l-Nitro-8  :e-dl- 
tnomo  •  ^  •  naphthol, 
slender  golden  needles 
from  aloohol;  melts 
and  deoomposea  at 
about  156<>. 

(S)  S  :  6-Dibromo-l :  S- 
naphthaqninone, 
from  ethyl  acetate  In 
deep  •  red  rhombs, 
or  orange-red  needles, 
m.p.  160^ ;  changes  in 
air  into 

O 

/V^OH 


Br 


W 


Br 


m.p.  S13». 

With  aniline  the  latter 
yields  an  additiwe  com- 
powd,  CoHABr, + 
0,H.NH»  crystalli^ng 
from  benzene  in  red 
prisms  and  decompos- 
ing at  19ft«. 


(l)l-Nitro.6:8(?). 
dibromo-S  -naphthol, 
compact,  canvy-yd- 
low  needles  from 
benzene ;  on  heating 
becomes  orange  at 
156-180O,  and  melts 
and  deoompotes  at 
168». 

(S)  6  : 8-Dibromo-l :  9- 
naphthaqoinone, 
orange-red.  efBorea- 
cent  needles  from 
benxene,  large  prisms 
from  ethyl  acetate, 
m.p.  IW*, 


On  oxidation  with  di- 
lute HNO.  the  dibro- 
mcquinone  vieldB  4- 
bromopbthaUo  acid; 
anhydride,  m.p.  106^ 

With  aniline  the  qui- 
none  yields  a  mixture 
of 


'OQ"- 

m.p.  278-87»'». 


m.p.  S06O, 


On  oxidation  both  the 
naphthol  and  the  de- 
rived quinone  yield  a 
new*  dibrotnophthaUe 
acid,  m.p.  196-1960 ; 
anhydridetm.p,  U7'5<>. 


Does  not  etherify  when 
heated  with  aloohol 
andHJ30«atlOO». 
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Bromo-deriTfttlTe 


No,  4. 

00 


OH 
Br(?) 


Ex  tetrabromo-^-napb- 
tbol  No.  2  and  boU- 
iag  iodbydrio  acid. 


4 


Br 


No.  I. 
Br 

CO 


OH 
Br 


Ex  fi-napbthol  in 
glacial  acetic  acid 
and  excess  of  Br,  in 
presence  of  Iron. 


Br(?) 

By  exoeas  of  Br,  on 
drp  ^'napbtbol  at 
100<*  in  presence  of 
iron. 

No.Z. 

Formed  along  witb  1 
and  2  in  small  q\ian* 
tity. 


No.l, 

By  action  of  bromine 
in  excess  on  dry  fi- 
napbtbol  in  pre- 
sence of  Al  or  Fe; 
also  by  bromine  on 
tetrabromo,  No.  2. 

No.  2. 

Ex  tetrabromo-^-naph- 
thol.  No.  1,  by 
dropping  into   bro- 

,    mine  oontainiog  AL 


Propertied 


From  acetic  add  in  flat, 
^orescent  needles 
(with  ImoLC.H.O,); 
melts  at  185-186<>. 
Acetate^  small  leaflets 
ex  ethyl  acetate,  m.p. 
147°. 


From  aoetio  acid  In 
small  balls  of 
needles  (ejllore$eent). 
m.p.  172«. 

Acetate^  from  ethvlio 
acetate  in  long,  Ins* 
trelees  prisms,  or 
small  six-sided  plates, 
m.p.  192-198<'4 


From  aoetio  acid  or 
chloroform  in  long 
slender  needles  (non- 
efflorescoit),  m.p. 
184°. 

Acetate,  from  ethylio 
acetate  or  acetone  in 
small  dnmbbeU-like 
aggregates  of  needles, 
m.p.  165°, 


Small,  colourless 
needles  from  acetic 
acid,  m.p.  191°. 

Acetate,  from  acetic 
acid  (yery  sparingly 
solable)  in  felted 
mass  of  needles,  m.p. 


Tiny  ooloorless  needles 
from  nitrobensene, 
m.p.  241°. 

Acetate,  ex  ethylio  ace- 
tate, small  needles, 
m.p.  209°. 


Acetate,      m.p.      208°, 
white  granules. 


Oonvertible  by  HNO, 
into 


(1)  1  -  Nitro  -8:4:6- 
tribromo-/l-naphthol, 
dark  yellow  needles, 
m.p.  between  186- 
143°,  depending  on 
rate  of  heating. 

(2)  8  :4:e-tribromo- 
1:2-  naphthaqui- 
none,  from  ethylio 
acetate  in  large,  deep- 
red  nearly  black 
rhombs,  m.p.  190°. 


(1)  Nitro -tribromo-jB- 
naphthol,  yellow  tufts 
from  alcohol,  nup. 
166°  (decomposes). 

(2)  Tribromo-^-naph- 
thaquinone  from 
ethylio  acetate  in 
large  red  prisms, 
m.p.  188°. 


Does  not  yield  a  keto- 
compound  initially 
with  HNO..  but  gires 
immediately  a  tetra- 
bromo -fi'  naphtha  - 
quinone,  m.p.  241° 
(small  red  needles). 


A   tetrabromo-^•naph• 
thaqulnone,  m.p.l64°. 


Bemarkt 


Does  not  etherlfy. 

Note  close  resemblanoe 
of  naphthols  3  and  4 
and  acetates  S,  8, 
and  4. 


Oxidation  by  dilute 
HNO,  converts  the 
naphUioI  and  the 
derived  quinone  into 
4-bromophthalic  acid; 
anhydride,  m.p.  106°. 


Oxidation  of  either 
naphthol  cnr  quinone 
gives  a  new  dibromo- 
phthalio  acid,  m.p. 
195-196° ;  anhydride, 
m.p.  147-6°. 


Attempts  at  oxidation 
hitherto  unsnooessf oL 


On  oxidation  yields 
a  tribromophthalio 
acid.' 


Flessa,  Ber.^  17, 1479< 
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Bibliography  of  Spectroscopy, — Report  of  the  Committee,  consisting  of 
Professor  H.  McLeod  (Chairman),  Sir  W.  C.  Roberts-Austen 
(Secretary),  Mr.  H.  G.  Madan,  and  Mr.  D.  H.  Nagel. 

The  Committee  beg  to  present  herewith  the  last  instalment  of  the  list  of 
spectroscopic  papers,  continued  until  the  end  of  the  year  1900 ;  it  is 
unnecessary  to  continue  it  farther,  as  the  work  will  now  come  into  the 
hands  of  the  compilers  of  the  International  Catalogue  of  Scientific  Papers. 
In  the  first  report,  presented  in  1881,  will  be  found  a  list  of  periodicals 
from  which  titles  have  been  taken,  but  as  in  recent  years  the  work  has  been 
entirely  in  the  hands  of  only  two  members  of  the  (Jommittee,  it  was  found 
impossible  to  look  through  all  the  periodicals  mentioned  in  that  list.  The 
serials  that  have  been  recently  examined  are  the  following : — '  Philo- 
sophical Transactions,'  '  Proceedings  of  the  Royal  Society,' '  Journal  of 
the  Chemical  Society,' '  Berichte  der  deutschen  chemischen  Gesellschaft,' 
'  Chemisches  Centralblatt,' '  Proceedings  of  the  Physical  Society,' '  Science 
Abstracts,'  *  Beiblatter,'  *  Nature,'  and  *  Chemical  News.'  The  abstracts 
and  notices  contained  in  these  periodicals  have  been  verified  by  reference 
to  the  original  papers,  and  it  is  hoped  that  all  the  most  important  con- 
tributions to  the  knowledge  of  spectroscopy  have  been  included  in  the 
list. 

PAPERS  ON  SUBJECTS  CONNECTED  WITH  SPEOTROSCOPY. 

The  previous  instahnents  of  thia  catalogue  will  be  found  in  the  Reports  of  the 
Association  for  1881,  pp.  328-422 ;  1884,  pp.  295^60 ;  1889,  pp.  344-422 ;  1894,  pp. 
161-236;  1898,  pp.  439-519. 

[In  cases  where  it  has  not  been  found  possible  to  verify  a  reference,  the  latter  is 
placed  in  brackets,  in  the  same  column  as  the  title  of  the  paper.  A  list  of  the 
chief  abbreviations  used  will  be  found  at  the  end  of  the  catalogue.] 


J.  Melander  . 

M.  Hamy 
J.  Melander  • 


RKrOss 


INSTRUMENTAL. 

1897. 

Sur  un  prisme  &  angle  variable. 
(Read  Dec.  13.) 


Sur  un  appareil  permettant  de 
s^parer  des  radiations  simples 
tris  voisines.    (Read  Dec  20.) 

Ein  Spectrometer  sur  directen 
Unterscheidung  der  tellurischen 
Linien  im  Sonnenspectrum  (*  Fin- 
ska  Yet.  Soo.  Forh.'  zzzix.  247- 
266). 

1898. 

Speotro-photometer  mit  Lummer- 
6rodhun*8chen  Prismenpaar.(Jan.) 


*  Oefvers.  ai  Finska  Vet. 
Soc.  Forbandl.'  zl.  33- 
36;  •Beiblatter;  xxii. 
665  (Abs.) 

*C.R.*cxxv.' 1092-1094. 


*  Beiblatter;  xxiii.  178-179 
(Abs.) 


*  Zeitsohr.f.  Instmmenten- 
kunde;  zviii.12-18;  *BeU 
bmtter;  zzii.  839  (Abf.) 
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BEPOBT— 1901. 


C.  Fabry   and    A. 
rerot. 


L.  M.  Dennis . 

H.  C.  Vogel   . 

A.  A.  Miohelson     . 

W.  Uemmelmann  . 

C.  Zeiss . 

C.  PuUrich     . 

A.  Jobin 

A.  A.  Miohelson     . 

C.  Zeiss . 

F.  Pfuhl 

C.  B.  Mann    . 
H.  Olsen 


W.  A.  Adeney  and 
J,  Carson. 


iNSTBUMBNTALg  1898. 

Sar   an   spectroscope   interfdren- 
tiel.    (Read  Jan.  24.) 


Eine  nene  Form  des  Entladers  fOr 
Fankenspectren  in  Losangen. 
(Jan.) 


Einige  Bemerktingen  iiber  den 
Kirchhoffscben  6pectralapparat. 
(Read  Feb.  17.) 

A  Spectroscope  without  Prisms  or 
Gratings.    (March.) 


Verbessertes  Absorptionsflaschchen 
fur  Spectralanalyse.    (April.) 


Neue  Construction  des  symmetri- 
schen  Doppelspaltesnach  v.  Vier- 
ordt.    (April.) 

Ueber  einige  Neueinrichtungen  an 
dem  Doppleprisma  des  Abbe'schen 
Refraotometers,  and  iiber  die  von 
der  Firma  Zeiss  bergestellten 
RefraotometerdieserArt.  (April.) 

Spectroscope  interf6rentiel  de  MM. 
A.  Perot  et  Ch.  Fabry.  (Read 
May  20.) 

The  *  Echelon '  Spectroscope.  (June.) 


Speotralapparat  nach  E.  A.  Waifing 
zur  Beleuchtung  mit  Licht  ver- 
schiedener  Wellenl&nge.    (July.) 

Ein  einfacher  Apparat  sur  Demon- 
stration des  Brechunggesetzes  der 
Lichtstrahlen.    (Jaly.) 

The  Echelon  Spectroscope.  <Aug.) 

Ueber  einon  Gitterspectralapparat. 
(Sept.) 


On  the  Mounting  of  the  large  Row- 
land Spectrometer  in  the  Royal 
University  of  Ireland.    (Sept.) 


•C.  R.'  cxxvl.  381-333; 
•Nature,'  IviL  325 
(Abs.);  'Science  Abstr/ 
L  247;  «Chem.  New8»' 
IzxvU.  82-83  (Abe.) 

'  Zeitschr.  f .  anorg.  Chem.' 
xvi.  19-21;  'Beibiatter/ 
zxii.  218  (Abs.) ;  •  Chem. 
Centr.*  1898,  L  428 
(Abs.);  'J.  Chem.  Soc.' 
Ixxiv.  IL  185  (Abs.) 

'Sitzungsb.  Akad.  Berlin,' 
1898,141-147;  'Nature,' 
Iviu.  19-20  (Abe.) 

*Amer.J.Sci.'[4].v.215- 
217;  *Beibl&t(er/  zxUi. 
555-567  (Abs.);  *  Science 
Abstr.'  i.  386;  'Nature,' 
IvlL  500  (Abs.) 

*  Chem.  Zeitung,'  zxii. 
297-298;  •  Chem.  Centr.' 
1898, 1.  1063  (Abs.) 

*  Zeitschr.  f.  Instrumenten- 
kunde.'  xvlii  116-117. 

'  Zeitschr.  f .  Instrumenten- 
kunde.'  xviii.  107-116; 
'Beibmtter/  xziL  661 
(Abs.) ;  *  Science  Abstr.'  i. 
536. 

<  Stances  de  la  Soc.  Fran^. 
de  Phys.'  1898,  46*-49*. 

•Afitrophys.  J.'  vlii.  37- 
47 ;  '  Nature,'  Iviii.  280 
(Abs.) ;  *  Science  Abstr.' 
L  589-692. 

*  Zeitschr.  f .  Instnunenten* 
kunde,'  zviii.  209-213. 

*  Zeitschr.  f .  phys.  u.  chem. 
Unterr.'  xi  159-161. 


<  Science,' vtii.  208-210. 

*  Zeitschr.  f .  Instmmenten- 
kunde,'  xviiL  280.283; 
•  Beibiatter,'  zxiiL  657 
(Abs.) 

•Proo.  Boy.  Soc  Dublin' 
[N.S.].  vlii.  711-716; 
•Phil.  Mag.'  [5],  xlvi 
223-227;  •Science  Abstr.' 
11.  9$  (Abe.) 
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W.  W.  OampbeU 
R.  Straubel    . 

C.  Zeisi . 

0.  Pulfrich    . 

C.  Zeiss.       . 
»     '•       • 

y.  Schnmaim. 
B.  A.  WOlftng 

J.  H.  White  . 
Sir  J.  N.  Lockyer 

C  Zeiss . 
H.  Starke 


C.  P.  Bailer  . 
0.  S.  Hastings 


INSTBUMBKTAL,  1898,  1899. 

The  Mills  Spectrograph  of  the  Lick 
Observatory.    (Oct.) 

Ein  Beleachtangs  apparat  fiir  mo- 
nochromatisches  Lloht  mit  festen 
Bpaiten.    (Oct.) 

IJeber  Quarsspectrographen  and 
neaere  spectrogiaphische  HUlfa- 
«pparate.    (Not.) 


Ueber  ein  Vergleicbspectroflcop  f  Ur 
Laboratoriamszweoke.    (Dec.) 


Totalrefractometer  (Krystalrefrac- 
tometer)  nach  B.  Abbe. 

Yerbindang  einesDichroscopesmit 
einem  Speotroscop. 

Yon  den  breohbatsten  Strahlen 
and  ihrer  photographischen  Aaf- 
nahme. 

Ueber  einen  Spectralapparat  znr 
Herstellong  yonintensivemmono- 
cbromatisohem  Licht. 

1899. 
Simplified  Apparatus  for  Spectre* 
scopic  Photography.    (Jan.) 

A  simple  Spectroscope  and  its 
Teachings.    (Lecture,  Feb.  16.) 


Nenes  Refraotometer  mit  Erhitz- 
ungseinrichtung  nach  Eykman. 
(Aiarch.) 

Ein  Refraotometer  zur  Bestimmung 
des  Brechungsezponenten  von 
Fidssigkeiten  mit  dem  Microscop. 
(aeadAprilT.) 

On  the  Use  of  Photographic  Films 
in  Astronomical  Photography. 
(April) 

The  Michelson  Echelon  Spectto- 
scope.    (April.) 

A  new  Type  of  Telescopic  Objective 
specially  adapted  for  Bpectro* 
scopic  Use,    (April) 


•  Astrpphys.  J.*  vlH.  128- 
168 ;  •  Science  Abstr.*  ii. 
91  (Abs.) 

•Ann.'  Phys.  u.  Chem.* 
[N.F.].  IxvL  360-362; 
*  Science  Abstr.'  ii.  97 
(Abs.) 

*Zeitschr.  f.  Instrumenten- 
kunde,*  zviii  326-331; 
*Beibl&tter'  zxiii.  249 
(Abs.);  *  Science  Abstr. 
U.  846. 

'  Zeltschr.  f .  Instramenten- 
kunde/  xviii.  381-383; 
*Beibmtter/  xziii  249- 
260  (Abs.) 

•Neues  Jahrb.  f.  Min. 
Geol.  u.  Parent.'  1898, 
n.  65-67. 

*Neues  Jahrb.  f.  Min. 
Geol.  u.  Paiaont.*  1898, 
II.  68-69, 

•Jahrb.  f.  Photog.'  xii. 
20-22;  «Beibmtter/zziL 
841  (Abs.) 

'  Neues  Jahrb  f .  Mineral.' 
Beilage-Band  xii.  843- 
404;  •Belblfttter'  xxiii. 
366.'366  CAbs.) 


•  SclentiSc  American/lzix. 
43;  *  Science  Abstr.'  ii. 
739. 

•Nature,'  lix.  871-378, 
891-393;.  •Zeitschr.  f. 
phys.  u.  chem.  Unterr.' 
xii.157-158;  •Beiblatter,' 
xxiii.  664-666  (Abs.) 

•  Zeitschr.  f.  Instrumenten 
kande,'  xix.  65-74  ;  •  Bei- 
blatter,' xxiil.  767  (Abs.)| 

•  Verb.  Deutsch.  pbys. 
Gesellscb;  I.  117-122; 
•Science  Abstr.'  ii.  696; 
•Beiblatter/  xxiv.  27.-29 
(Abs.) 

•Nature,' lix.  614. 


« Nature,' lix.  607-609. 

•Amer.  J.  Sci.'  vU.  [4], 
267-270;  •Nature/  lix. 
621  (Abs.) ;  *  Science 
Abitr/  a.  660. 
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BEPORT — 1901. 


A.  A.  Hiohelson    . 
A.  de  Qramont 

S.  A.  Mitchell 


Ph.  Pellin  and  A. 
Brooa. 


A.  A.  Michelson 

D.  P.  Brace    . 

G.  E.  Hale     • 

C.  Polfrich    . 

F.  F.  Martens 

W.H.Perkm. 

B.  Beckmann 

L.  Levy . 

A.  A.  Miohelson 

F.  Wallerant. 

D.  P.  Biace    • 


IHSTBUHBNTAL,  1899,  1900« 

On  the  Echelon  Spectroscope.  (Bead 
June  6.) 

Sor  an  spectroscope  de  laboratoire 
ik  dispersion  et  &6oheller6glables. 
(Bead  Jnne  26.) 


The  direct  Ooncave  Grating  Spec- 
troscope.   (June.) 


Spectroscope    ^ 
(Jane.) 


deviation     fixe. 


The  Echelon  Spectroscope.    (Oct.) 


On  a  new  Spectrophotometer  and 
an  Optical  Method  of  Calibmtion. 
(Nov.) 

Some  new  Forms  of  SpectrobeBo* 
graphs.    (Nov.) 

Ueber  ein  neaes  Befractomeler 
mit  veranderlichen  brechenden 
WinkeL    (Nov.) 

Ueber  eine  Nenconstrnction  des 
Kdnig*sohen  Spectralphotometer# 
(Bead  Dec.  15.) 

An  improved  Spectrometer  Scaler 
Beader.    (Bead  Dec.  21.) 

Ueber  die  Bneogong  leachtender 
Flammen  sa  speotrosoopischen 
Zwecken  mit  HUfe  der  Electro* 
lyse.  (Zeitsohr.  £.  Electrochem. 
V.  827.) 

Das  Interferennpeotrometer  von 
Oh.  Fabry  and  A.  Perot  ('Der 
Mechaniker/  vii.  111-113.) 

Sar  le  spectroscope  k  Echelons. 


Perfectionnement  aa  r^fraotom^re 
poar  les  cristanz  microsoopiqaeB. 

1000. 

On   a  new  System  for  SpcrotnT. 
Photometric  Yfork.    (Jui.) 


*  Trans,   Pha.  Soc.  Cam- 

bridge,* xviii.  316-323. 

*  C.  B.'  cxxviii.  1664-1568; 
•Beiblatter/  xxiv.  178 
(Abs.);  •Science  Abstr.* 
ii.  739. 

•Astrophys.  J.*  x.  29-39; 

•  Nature/ Ix.  302  (Abs.); 

•  Science  Abstr.'  ii.  824. 

•J.dePhys.*[31,viU.814- 
319;  'Astrophys.  J.*  x. 
837-342  ;  •  Beiblatter/ 
xxiv.  462  (Abs.) ; « Science 
Abstr.*  ii.  663. 


*  Proc.  Amer.  Acad.' 
111-119;  *J.  de  Phys/ 
[8],  viU.  805-314;  'Bei- 
blatter/ xxiv.  457-458 
(Abs.)     • 

•Phil.Mag/[5]xlvlii.420- 
430;  *  Beiblatter/  xxiv. 
468-459 (Abs.); 'Science 
Abstr.*  iii.  14-15. 

'  Astrophys.  J/  x.  288-290. 

*  Zeitschr.  f .  Instmmenten* 
kande/  xix.  335-339* 

*  Verhandli  Deatsch.  Phys. 
Gesellsch/  i,  280^284; 
•Beiblatter/  jaiv.  466 
(Abs.) 

•J.  Chem.  Soc/  btxvii. 
267-294  J  'Beiblatter/ 
xxiv.  929-930  (Abs.) 

'Beiblatter/  xxiil.  778 
(Abs.)     . 


•Beiblatter/  xxili.  773 
(Abs.) 

*J.de  Phys/[3],viii.306- 
814;  'Science  Abstr/  IL 
740. 

•  Ball.  Soc.  Mln.  de  Paris/ 
xxii.  67-69. 


•Astrophys.  J/  xi.  6*24; 
•Beiblatter/  xxiv.  779- 
780  (Abs.) 
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E.  V.  Capps 


F.  F.  Martens 


0.  Fabry  and   A* 
Perot 


Ji  Hartmann  •       • 


C.  J.   Abbot   and 
F.  B.  Fowl© 


W.  S.  Adams 
W.W.OampbeU   . 

G.  B.  Biszo    • 


E.  Beckmann 


H.  C.  Vogel 


•       • 


C.  Fabry   and   A. 
Perot 


J.  Hartmann . 
H.  Lehraann  • 


INBTBUMSNTAL,  1900. 

Calibration  of  the  Slit  in  Spectral 
Photometrio  Measorements.  (Jan.) 


Ein  Colorimeter  als  Znsetzapparat 
fiir  Spectroscope  mit  Wellen- 
langesoala.    (Jan.) 


Konvelle  source  de  Inmi^e  poor  la 
spectrom^trie  de  precision.  (Read 
Feb.  12.) 

Bemerknngen  Gber  den  Ban  nnd 
die  Jostirong  von  Spectrographen. 
(Feb.) 


A  Prism  of  Uniyersal  Dispersion. 
(March.) 


The  Curvature  of  the  Spectral  Lines 
in  the  Speotroheliograph.   (May.) 

The  Temperature  Control  of  the 
Mills  Spectrograph.    (May.) 


Una  vantaggiosa  disposizioDe  speri- 
mentale  per  lo  studio  degli  spettri 
di  dif[razione  dei  reticoli  concavi. 
(Bead  June  18.) 


Ueber  Speotrallampen,  I.    (June.) 


Description  of  the  Spectrographs 
for  the  great  Befractor  at  Pots- 
dam.   (June.) 

Sur  les  souroes  de  lumi^re  mono- 
chromatique.    (July.) 

Bemarks  on  the  Construction  and 
Adjustment  of  Spectrographs.  II. 
(July.) 

Ueber  Spectralapparate  mit  dieh* 
barem  Gitter.    (July.) 


« Astrophys.  J.'  xi.  25-36  ; 

*  Science  Abstr.'  ill.  302  ; 
•Beiblatter/  xxiv.  777 
(Abs.) 

•Phys.  Zeitschr.'  i.  182- 
183;  'Beiblatter/  xxiv. 
465  (Abs.) ;  <  Science 
Ab8tr.'iu..627. 

•  C.B.*  cxxx.  406-409 ; 
•Beiblatter/  xxiv.  256 
(Abs.);  *  Science  Abstr.' 
iU.  876. 

'  Zeitschr.  f  .Instrumenten- 
kunde/xx.  17-27, 47-68 ; 
•Beibiatter;  xxiv.  469- 
461  (Abs.);  •Astrophys. 
J.'  xi.  400^413. 

•Astrophys.  J.'  xi.  135- 
139;  'Nature/  Ixi.  697 
(Abs.);  •Beiblatter/xxiv. 
993  (Abs.) 

•Astrophys.  J.'  xi.  309- 
311;  •  Science  Abstr.' iiL 
688. 

•Astrophys.  J.'  xi.  269- 
261 ;  » Nature,'  Ixii.  137 
(Abs.) ;  •  Science  Abstr.' 
iii.  687. 

'Atti  B.  Accad.  Torino, 
xxiv.  794-799;  'Mem. 
Soc.  Spettr.  Ital.*  xxviii. 
241-244;  •  Beiblatter,* 
xxiv.  462-463  (Abs.); 
•Nature/  Ixi.  661-562 
(Abs.) 

•Zeitschr.  f.  physikal. 
Chefh/  xixiv.  693-611; 

•  Chem.  Centr.*  1900.  II. 
801  (Abs.);  'Beiblatter/ 
xxiv.  1282  (Abs.);  •J. 
Chem.  Soc'  Ixxviii.  IL 
701-702  (Abs.) 

•Astrophys.  J.'  xi.  893- 
399 ;  •  Nature/  hrii..  459 
(Abs.) 

•J.doPhyi.'[3],ix.  369- 
382 ;  *  Nature/  Ixii.  350 
(Abs.) 

« Astrophys.  J.'  xii.  30-47 


<  Zeitschr.  f .  Instrumenten* 
kunde,'  xx.  193.204 ; 
•  Beiblatter/  xxiv.  1116- 
1116  (Abs.) 
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HBPORT— 1901. 


Ikstbumbntal,  1900— Buissioir  Spbotba,  1897. 


F.  Pascben   . 
C.  Filtech     . 

C.  Fulfrigh    • 

B.  Beckmann 

W.  H.  Wright 
B.  Beckmann 

O.  Lummer    • 


M.  W.  Travers 
0.  Lohae       •       • 
W.  N.  Hartley 


F.  Ezner  and   B. 
Haachek. 

a.  B.  Rltzo    • 


Lecoq  de  Boisbau- 
dran. 


F.  Btner  and   B, 
Haaohek. 


Bin  Gei88ler*8che  B5bre  mit  Queck- 
tilber  Bleotroden  com  Studium 
des  Zeemaneffectes.    (Ang.) 

Bine  neae  Spaltvorrichtong  an 
Spectrolappaiaten.    (Sept.) 


Yergleichflspeotroecope    fCbr    Far- 
bentechniker.    (Oct.) 


Ueber  Spectrallampen.   II.  (Nov.) 


The  Auxiliary  Appaiatos  of  the 
MillB  Spectrograph  for  Photo- 
graphing the  Comparison  Spec- 
trum.   (Nov.) 

Ueber  Spectrallampen.  III.  (Dec.) 


Ueber  neuere  Interferenzrefrac- 
tometer.  (*  Der  Mechaniker/  viii. 
25^28.  87-40.) 

II. 

BMISSION  SPBCTBA. 


1897. 


Some    Bxperiments 
(Bead  Feb.  4.) 


on    Helium. 


Untersuchung  des  violetten  Tbeiles 
einiger  linienreicher  Metallspec- 
tren.    (Read  March  4.) 

Experiments  on  the  Flame  Spec- 
tram  of  Carbonic  Oxide.  (Bead 
Mar.  18.) 

Ueber  die  ultravioletten  Funken- 
spectra  der  Blemente.  VIII. 
(Read  May  13.) 


Ricerche      spettroscopiche 
argon.    (Read  May  23.)  . 


euU' 


Ezamen    de    quelques     spectres. 
(Read  June  8  and  ^1.) 


Ueber  die  ultravioletten  Funken- 
spectra  der  Blemente.  IX. 
(Read  Jaly  8.) 


•Phys,  Zeitwhr.'  i.  478- 
480. 


•Phys.  Zeitschr.*  i.  543- 
544;  *Beiblfttter/  xxiv. 
1117-1118  (Abs.); 

'  Science  Abstr.'iv.  26. 

*  Zeitschr.f.Instrumenten- 
konde/  xx.  299-301 ; 
«Beibmtter/  xxiv.  1277 
(Abs.) 

'  Zeitschr.  f.  physikal. 
Chem.'  XXXV.  443-458; 
«  Chqm.  gentr.'  1901,1. 
1  (Abs.);  «Beibmtter,' 
XXV.  87  (Abs.) 

•Astrophys.  J.*  xii.  274- 
278;  *Beib]atter/  xxv. 
89-40  (Abs.) 

*  Zeitschr.  f.  physikal. 
Chem.'  XXXV.  652-660; 
•  Beibiatter,'  xxv.  129- 
180  (Abs.);  'J.  Chem. 
Soc.'  Ixxx.  II.  81  (Abs.) 

•Beibiatter/  xxiv.  [37] 
(title). 


•Proc.  Boy.  Soc.*lx.449- 
453;  'J.  Chem.  8oc.* 
Ixxlv.  n.  376-376  (Abs.) 

•  Sitzungsb.  Akad.  Berlin,' 
1897, 179-197. 

•Proc.  Roy.  Soc'lxi.  217- 
219;  -J.  Chem.  Soc.' 
Ixxiv.  II.  361-362  (Abs.) 

•  Sitznngsb.  Akad.  Wien,' 
cvL  Ua,  337-856; 
•  Science  Abstr.*  i.  195. 

•Atti  R.  Accad.  Torino,* 
xxxii.  570-579;  •  Bei- 
biatter,'  xxii.  666  (Abs.) 

•  C.  I^.'  cxpv.  1288-1290, 
1419-1421 ;  *  Chem. 
News/  Ixxvi.  46-47 
(Abs.) 

•  Sitzungsb.  Akad.  Wien,* 
cvi.  II.a,  494-520; 
'  Science  Abstr.'i.  248. 
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A.  de  Qramont 


B.L.CaUendaraDd 
N.  N.  Evans. 

A.  L.  Foley   . 


H.  Eonen 

B.  Hasselberg 

J.  R.  Rydberg 
8.  FonliDg    . 

F.  fixner  and   E. 
Haschek. 

H.  WUde       . 

E.  Rancken   . 


Emission  Spectra,  1897,  1898. 

Sor  le  spectre  du  carbone.  (Read 
July  19.) 

Sur  le  spectre  des  lignes  du  car- 
bone  dans  les  sels  f ondns.  (  Read 
July  26.) 

The  Behaviour  of  Argon  in  X-ray 
Tubes.    (Aug.) 

Arc  Spectra.    (Sept.) 


Ueber  die  Speotren  des  Jod.  (Bonn 
Dissertation,  Oct.  1897.) 


Untersuchungen  uber  die  Spectra 
der  Metalle  im  electrischen  Plam- 
menbogen.  IV.  Spectrum  des 
Mangans.    (Read  Nov.  10.) 

The  New  Series  in  the  Red  Spec- 
trum of  Hydrogen.    (Nov.) 

Dm  Praseodidy  mens  spectra.  (Read 
Dec.  8.) 


Ueber  die  ultravioletten  Funken- 


spectra  der  Elemente.    X. 
Dec.  16.) 


(Read 


On  New  Spectral  Lines  of  Oxygen. 
(Dec.) 

Untersuchuflg  fiber  das  Linlen* 
spectrum  des  Schwefels.  (Dis- 
sert.   Helsingfors,  52  pp.) 


'  C.  R.'  oxxv.  172-176. 


'C.R.*cxxv.  238-240. 


'Nature/  Ivi.  624-^26; 
•  Brit.  Assoc.  Rep.*  1897, 
65.S  (Abs.) 

•Phys.  Review,*  v.  129- 
151  ;  *  iScience  Abstr.* 
i.  55. 

•Ann.  Phys.  u.  Chem.* 
[N.F.],lxv.  257-286; 'J. 
Chem.  Soc.*  Ixxiv.  II. 
493  (Abs.);  'Nature,* 
Iviii.  336  (Abs.) 


'Handl.  k.  Svensk. 
Akad.*  XXX.  20  pp. 


Vet. 


*  Astrophys.  J.*  vi.  233- 
238;  'Nature,*  Ivil.  157 
(Abs.) 

<  Bihang  tiU  E.  Vet  Akad. 

*  Handl.'  xxiii.  Afd.  i. 
No.  5,  20  pp.;  *Bei- 
blatter,*  xxiii.  484  (Abs.) 

*  Sitzungsb.  Akad.  Wien,* 
cvi.  lla,  1127-1152. 

♦  Chem.  News,*  Ixxvi.  288. 

•  Zeitschr.  f .  anorg.  Chem.* 
xviii.  86  (Abs.)  ;  *  Chem. 
Centr.*  1898,  U.  1004 
(Abs.) ;  •  Beibiatter,' 
xxiii.  96-97  (Abs.) 


J.   M.    Eder    and 
£.  Yalenta. 


Birkeland      • 
M.Hamy 


1901. 


1898. 

Das  Linienospectrum  des  Silicium. 
(Read  Jan.  13.) 


Sur  le  spectre  des  rayons  cAtbo* 
diques.    (Read  Jan.  17.) 

Sur  le  spectre  du  cadmium   dahs 
un  tube  4  vide.    (Read  Jaui  17.) 


*  Sitsungsb.  Akad.  Wien,' 
cvii.  II.a,  41-48;  *Bei- 
blatter,*  xxii.  774  (Abs.)  ; 

*  Chem.  Centr.*  1898,  I. 
1095  (Abs.)  ;  *  Chem. 
News,*  IxxvU.  206. 

*0.  R.*  cxxvi.  228-231; 
'BeiblStter,'  xxii.  174- 
176  (Abs.) 

*C.   R.'    cxxvi.    231-234; 

*  Beibiatter,'  xxii.  163 
(Abs.);  'Chem.  News,* 
Ixxvii.  71  (Abs.;;  »J. 
Chem.  Soc.*  Ixxiv.  II. 
321  (Abs.) 
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A.    Perot 
Fabry. 


and    0. 


F.  Ezner   and   E. 
Haschek. 


A.  Schuster   . 


H.  Eayser 


H.  Rubens  and  E. 
Aschkinass. 


E.  Demar^ay 


G.  C.  Schmidt 


H.  A.  Rowland  and 
C.  N.  Harrison. 


W.     Ramsay    and 
M.  W.  Travers. 


H.     Moissan    and 
H.  Deslandres. 


C.  Fabry   and    A. 
Perot. 


W.     Ramsay    and 
M.  W.  Travers. 


T.  N.  Thiele 


Emission  Speotra,  1898. 

Ktude  de  quelques  radiations  par 
la  spectroscopie  inter£6rentielle. 
(Read  Jan.  31.) 


Ueber  die  ultravioletten  Funken- 
spectra  der  Elemente.  XI.,  XII., 
XIII.,XIV.Mitth.  (Read  Feb.  10, 
July  7,  Dec.  15.) 


Profs.  C.  Runge  and  F.  Paschen's 
Researches  on  the  Spectra  of 
Oxygen,  Sulphur,  and  Selenium. 
(Feb.) 

On  the  Arc  Spectra  of  the  Plati- 
num Group.    I.,  II.    (Feb.) 

Beobachtungen  Uber  Absorption 
and  Emission  von  Wasserstoff 
und  Kohlensaure  im  ultraroten 
Spectrum.    (March.) 

Sur  le  spectre  et  la  nature  du 
n6odyme.    (Read  April  4.) 


Sur  les  radiations  6mises  par  le 
tjiorium  et  ses  composes.  (Read 
AprU  23.) 

The  Arc-spectrum  of  Vanadium. 
(April.) 


Arc-spectra  of  Zirconium  and  Lan- 
thanum.   (May.) 

On  a  new  Ck)nBtituent  of  Atmo- 
spheric Air.    (Read  June  0.) 


Recherches  spectrales  sur  l*alr 
atmosph^rique.  (Sealed  packet 
deposited  May  11,  1896;  opened 
and  read  June  13, 1898.) 

Sur  r6tude  des  radiations  du 
mercure,  et  la  mcsure  de  leurs 
longueurs  d*onde.  (  Head  June  13.) 

On  the  Companions  of  Argon 
(Read  June  16.) 


Resolution  into  Series  of  the  Third 
Band  of  the  Carbon  Band  Spec- 
trum. 


*C.  R.*   cxxvi.    407-410; 

•  Nature,'  Ivii.  359  (Abs.) ; 

*  Science  Abstr.'  i  247; 
<Beiblatter,'  xiuii.  29-30 
(Abs.) 

'Sitzungsb.  Akad.  Wien,' 
cvii.  102-206,  792-812, 
813-837,  1335-1380; 
'Wien.  Anz.*  1898,  182 
(Abs.) 

*  Nature/  Ivii.  320-321. 


'Astrophys.   J.'  vii.  93- 
113, 173-197. 

•Ann.    Phys.    u.    Chem.' 
[N.F.]  Ixiv.  584-601. 


'  C.  R.*  cxxvi.  1039-1041 ; 
'Chem.  Centr.*  1898,  L 
101  (Aba.) 

•  C.  R.*  cxxvi.  1264. 


•Astrophys.  J.*  vii.  273- 
294;  '  Beiblatter,*  xxli. 
841-842  (Aba.) 

*  Astrophys.  J.*  vii.  373- 
889. 

*Proc.  Roy.  Soc.'  Ixiii- 
405-408 ;  *  Chem.  News,' 
Ixxvii.  287 ;  •  Nature,* 
Ivm.  127-128. 

*  C.  R.'  cxxvi.  1689-1691 ; 
•Chem.  Centr.*  1898,  II. 
82  (Abs.) ;  •  Chem.  News,' 
Ixxvii.  288. 

•C.  R.'  cxxvi.  1706-1708; 
•Science  Abstr.'  i.  640; 
•Beiblatter,'  xxiii.  781 
(Abs.) 

•  Proc.  Roy.  Soc.'lxiii.  437, 
440 ;  *  Chem.  News,* 
Ixxviil.  1-2;  •Nature/ 
Iviii.  182-183. 

•  Astrophys.  J.'  viii.  1-27 ; 
•Beiblatter/  xxiii.  357 
(Abfl.) 
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L.  B.  Jewell 


J.    M.    Eder 
E.  Valenta. 


and 


A.  Schoster   • 


W.  Ramsay,  M.W. 
Travers,  and  E. 
C.  C.  Baly. 

B.Nasini,F.  Ander- 
lini,  and  B.  Sal- 
vador!. 

A.  Ealahne    . 


J.  Dewar 
R.  8.  Hatton  . 


H.  Erdnuuin  . 

E.  C.  C.  Balj 
Sir  W.  Orookes 


J.    K.    Eder    and 
E.  Valenta. 


>i  »> 


G.  D.  Liveing 


W.  Bamsay 


Emission  Spectba,  1898. 

The  structare  of  the  shading  of 
the  H  and  E  and  some  other  lines 
in  the  spectrum  of  the  sun  and 
arc. 


Spectralanalyse     der     Leuchtgas- 
flamme.    (Head  July  7.) 


Ueber  das  Funkenspectrum  des 
Calciums  und  des  Lithiums,  and 
seine  Verbreitenmgs  und  Um- 
kehrungserscheinungen.  (Bead 
July  7.) 

The  Spectrum  of  Metargon.  (July.) 


The  Spectrum  of  MetargoB.  (July.) 


Terrestrial  Coroninm.    (July.) 


Ueber  die  Spectra  einiger  Elemente 
bei  der  stetigen  Qlimment- 
ladung  in  Greissler'schen  Rohren, 
und  die  Abhangigkeit  der  Licht- 
strahlung  von  Stromstarke  und 
Drack.    (July.) 

Metargon.    (Aug.) 

The  Compound  Line  Spectrum  of 
Hydrogen.    (Sept.) 


Ueber  die  farbige  Abbildung  der 
Emissionsspectra.    (Sept.) 

Helium  in  the  Atmosphere.  (Sept.) 

Helium  in  the  Atmosphere.    (Oct.) 


Ueber  das  rothe  Spectrum  des 
Argons.    (Read  Oct.  24.) 

Vorlaufige  Mittheilung  fiber  das 
Spectrum  des  Chlors.  (Read 
Nov.  17.) 

On  the  Flame-spectrum  of  Mercury, 
and  its  bearing  on  the  Distribu-  ' 
t ion  of  Energy  in  Gasea*    (Read  i 
Nov.  28.)  I 

The  Spectrum  of  Krypt  j 


*  Johns  Hopkins  Univ. 
Circ.*  xvii.  62-63 ;  *  Astro- 
phys.  J.*  viii.  61-53; 
'  Beiblatter/  xxiii.  359- 
360  (Abs.);  *  Nature,* 
Iviii.  280  (Abs.) 

'Denkschr.  Akad.  Wien,* 
Ixvii.  12  pp. ;  '  Bei  blatter,' 
xxiii.  251-252  (Abs.) 

'Denkschr.  Akad.  Wien,* 
Ixvii.  11  pp.;  'Chem. 
Centr.*  1898,  IL  1118 
(Abs.);  *  Beiblatter,'  xxiii. 
260-261  (Abe.) 

*  Nature,*  Iviii.  199,  269- 
270;  •Beiblatter,'  xxii. 
613-514,  772-773  (Abs.) 

•Nature,*   Iviii.    245-246; 

•  Beiblatter,'xxii.  772-773 
(Abs.) 

*  Chem.  News,*  Ixxviii.  43 
(from  the  'Times*  of 
July  20);  •Beiblatter,* 
xxii.  842  (Abs.) 

•Ann.  Phys.  u.  Chem.* 
[N.F.],  Ixv.  816-848; 
•J.  Chem.  Soc.*lxxiv.  II. 
549  (Abs.) ;  •  Science 
Abstr.'  ii.  14. 

•Nature,* Iviii.  319. 

•Phil.  Mag.*[5],xlvi.  338- 
343;  •J.  Chem.  Soc.* 
Ixxvi.      II.      3     (Abs.); 

•  Chem.  Centr.*  1899,  I 
12  (Abs.) 

*  Naturw.  Rundschau,*  xlil. 
465-467. 

*  Nature,'  Iviil.  545. 

*  Nature,  Iviii.  570 ; 
•Chem.  News,*  Ixxviii. 
198-199. 

•Monatsh.  f.  Chem.*  xvi. 
893-896;  •  J.  Chem.  Soc.* 
Ixxiv.  II.  2-4  (Abs.) 

'Wien.  Anz.*  1898,  252- 
255. 


Proc.  Phil.  Soc.  Cam- 
bridge,' X.  38-48;  •Bei- 
blatter,' xxiii.  781  (Abs.) ; 
•  Nature,' lix.  142  (Abs.) 

Nature,*  lix.  53. 
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J.  Trowbridge 
B.  Demar^ay  . 


1».  Curie,  Mtne. 
Curie,  and  Or. 
B6mont 


B.  S.  Ferry 


J.    M.    Eder    and 
B.  Valenta. 
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Emission  Spbctra,  1898»  1899. 

Some  Results  obtained  with  a 
Storage  Battery  of  Twenty  Thou- 
sand Cells.  (Address  at  a  meeting 
of  the  Amer.  Acad.  Dec.  14.) 

Sur  le  spectre  d'une  substance  radio- 
active.   (Elead  Dec.  26.) 


Sur  une  nouvelle  substance  forte- 
ment  radio-active  contenue  dans 
la  pechblende.    (Read  Dec.  26.) 

A  Photometric  Study  of  the  Spectra 
of  Mixtures  of  Gases  at  Low  Pres- 
sures.   (Dec.) 

Die  Spectren  des  Schwefels. 
(*"Denk8chr.  Akad,  Wien,*  Ixvii. 
97-151.) 


*Proc.  Phys.  Soc*  xvil. 
651-663  ;  *  Nature,*  Ixii. 
325-327. 


*C.     R.'     cxxvii.     1218; 

*  Chem.  Centr.'  1900, 1.  4 
(Abs.) ;  *  J.  Chem.  Soc.' 
Ixxviii.  II.  83  (Abs.); 
» Chem.  News,'  Ixxix.  13. 

*  C.  R'  cxxvii.  1215-1217  ; 
'  Chem.  News,*  Ixxix.  1-2 ; 

*  Nature,*  lix.  232  (Abs.) ; 

*  Science  Abstr.*  ii.  280. 

*  Phys.  Review.*  vii.  296- 
306;  •  Beibiatter,*  xxiii. 
251  (Abs.) 

*  Beiblatter,*xxii.773(Abs.) 


Mme.  8.  Curie 


A.  Schuster  and  G. 
Uemsalech. 


J.  W.  Richards 


1899. 

I  Les  rayons   de    Becquerel    et   le 
Polonium.    (Jan.) 

The  Constitution  of  the  Electric 
Spark.    (Read  Feb.  2.) 


Note  on  the  Spectra  of  Hydrogen. 
(Feb.) 


J.    M.    Eder 
B.  Valenta. 

L.  E.  Jewell  . 


and 


C.   Fabry  and  A. 
Perot. 


A.    Perot   and    C. 
Fabry. 


C.  Runge 


W.  W.  Campbell    . 


Das  Spectrum  des  Chlors.  (Read 
April  13.) 

Notes  on  the  Papers  of  Hartley  and 
Ramage  concerning  the  Spectrum 
of  Gallium  and  the  Spectra  of 
Meteorites.    (April.) 

Sur  une  source  intense  de  lumi^re 
monochromatique.  (Read  May  8.) 


Sur  I'alimentation  des  tubes  de 
M.  Michelson  par  diverses  sources 
^lectriques.    (Read  May  15.) 

On  the  Red  End  of  the  Red  Argon 
Spectrum.    (May.) 


A  Comparison  of  the  Visual  Hydro- 
gen Spectra  of  the  Orion  Nebula 
and  of  a  Geissler  Tube.    (May.) 


*Rev.  g6n.  des  Sciences,* 
X.  11-50;  *Chem.  News 
Ixxix.  77-78  (Abs.) 

*Proa  Roy.  Soc*  Ixit 
331-336;  'Nature.'  lix 
350-352;  *Chem.  News, 
Ixxix.  62-64. 

'Amer.  Cliem.  J.'  xxi. 
172-174 ;  •  Chem.  Centr.' 
1899,  I.  659  i^Abs.);  *J. 
Chem.  Soc.*  Ixxvi.  II. 
266  (Abs.)  ;  « Chem. 
News,*  Ixxix.  169-160. 

•Denkschr.  Akad.  Wien/ 
Ixviii.  437-447. 

*Astrophys.  J.*  ix.  229- 
230;  ♦  Beiblatter,*  xxiii. 
789  (Abs  ) 


C.    R.*    cxxviii.     1166- 
1158;  'J.    Chem.    Soc.' 
Ixxvi.   II.    261     (Abs.); 
'  Science  Abstr.'  iL  659. 

C.    R.* 
1223 ; 
ii.  508. 

cxxviii. 
'  Science 

1221- 
Abstr.' 

*A8trophy8.  J.'  ix.  281- 
283 ;  '  Science  Abstr.*  ii. 
823;  <Beibl&tter,'  xxiii. 
780  (Abs.) 

•Astrophys.  J.*  ix.  312^ 
316;  'Beiblatter,*  xxiii. 
793-794  (Abs.) 
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Ezner   and 
Haschek. 


E. 


J.  M.  Eder  and 
Valenta. 


G.  A.  Hemflalech 


C.  Range 


B.  P.  Lewis 


R.  Nagini,  F.  An- 
derlini  and  R. 
Salvadori. 


Sir  J.  N.  Lookyer 


A.  Wullner    . 


B.  Haraelbeig 


H.  Lehmann . 


Emissiok  Spbotra,  18^. 

Ueber  die  ultravioletten  Funken- 
spectra  derElemente.  XV.  (Read 
June  15.) 


Ueber  die  ultravioletten  Fnnken- 
spectra  der  Elemente.  XVI. 
XVII.    (Read  June  15.) 


Das  Speotmm  des  Broms.    (Read 
July  6.) 


Sar    les    spectres    des   d^charges 
osciUantes.    (Read  July  31.) 


The  Spectra  of  Krypton.    (Ang.) 


The  Spectral  Sensitiveness  of  Mer- 
cury in  an  Atmosphere  of  Hydro- 
gen,  and  its  influence  on  the 
spectrum  of  the  latter.    (Sept.) 

Ueber  den  Einfluss  kleiner  Beimen- 
gungen  zu  einem  Gase  auf  dessen 
Spectrum.    (Oct.) 


Sopra  alcune  righe  non  mai  osser- 
vate  nella  regione  ultrarossa  dello 
spettro  dell'  argo.  (Read  Nov.  19.) 


Note  on  the  Spectrum  of  Silicium. 
(Read  Nov.  23.) 


Ueberdie  Spectra  der  Canalstrahlen 
und  der  Cathodenstrahlen.  (Dec.) 

I  Untersuchungen  fiber  die  Spectra 
I  der  Metalle  im  electrischen  Flam- 
I    menbogen.      V.      Spectrum    des 

Vanads.    («Handl.  Svensk.  Vet. 

Akad.'  xxxii.  No.  2,  32  pp.) 

Die  ultraroten  Spectren  der 
Alkalien.  C*Arch.  f.  Wiss. 
Photogr.*  ii.  216-222.) 


*Sitznng8b.  Akad.  Wien.' 
cviii.      II.a.      825-859 ; 

•  Bciblfttter/  xxiv.    109- 
110  (Abs.) 

*Sitzung8b.  Akad.  Wien, 
cviii.  ILa,  1071-1121. 
1123-1161,     1252-1266; 

*  Science  Abstr.*  ii.  782- 
783. 

•Denkschr.  Akad.  Wien/ 
Ixviii  623-630 ;  *  Bei- 
blatter,*  xxiv.  260-262 
(Abs.);  *J.  Chem.  Soc.* 
Ixxviii.  II.  880  (Abs.) 

»C.   R.'   cxxix.    285-288; 
M.    de  Phys.'  [8],  viii. 
652-660;       'Beiblfttter; 
xxiii.  1050-1051  (Abs.) 
•Nature,*  lx.360  (Abs.) 
'  Science  Abatr.'  ii.  868. 

<  Astrophys.  J.*  x.  73-79 ; 
<  Beibmtter,'xxiv.l08-10b 
(Abs.);  *  Science  Abetr.* 
iu.  20. 

*Brit.  Assoc.  Rep.*  1899, 
660-661. 


•Ann.  Phys.  u.  Chem.' 
[N.  F.].  Ixix.  898-425; 
•J.  Chem.  Soc.*  Ixxviii. 
II.  1-2  (Abs.);  *  Nature,* 
Ixi.  93  (Abs.) 

*  Rend.  R.  Accad.  d.  Lincei  * 
[5],  viii.  II.  269-271; 
*  Gazz.  chim.  Ital.'  xxx.  I. 
189-191;  *J.  Chem.  Soc.' 
Ixxviii.  II.  181  (Abs.); 
« Beibmtter,'xxiv.259-260 
(Abs.) 

•Proc.  Roy.  Soc.'lxv.  449- 
461 ;  •  Nature,*  Ixi.  262- 
263;  « Beiblfttter,*  xxiv. 
262  (Abs.) 

'Phys.  Zeitschr.*  i.  132- 
134;  'Science  Abstr.*  ii. 
531. 

•Beiblatter.*  xxiii.  634 
(Abs.)  ;  *  Astrophys.  J.*  x. 
343-361 ;  *  ScienceAbstr.* 
iii.  308. 

*Beibiatter,*  xxv  27-28 
(Abs.) 
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L.  Rummel  .  .  )  The  Spectra  of  Oxygen,  Sulphur, 
and  Selenium.  (•  Trans.  Roy.  Soc. 
Victoria    [2],  xii.  14-17.) 


'  Beiblatter,'     xxiv.     180 
(Abs.) 


R.  Pribram    . 


F.   Exner    and   E. 
Haschek. 


C.    Fabry  and   A. 
Perot. 


A.  Ladenberg  and 
C.  Kriigel. 


B.  Hasselberg 
E.  Goldstein  . 
V.  Schumann 


W.  Muthmann  and 
E.  Bauer. 


C.  C.  Schenk  . 
W.  B.  Huff     . 

G.  A.  Hemsalech    . 


1900. 
Ueber  das  Austrium,  (Read  Jan.  4.) 


Ueber  die  ultravioktten  Funken- 
spcctra  der  Elemente.  XVIII. 
Mittheilung.  [Skandium,Samarium, 
und  Gadolinium.]    (Read  Feb.  1.) 

Sur  la  constitution  des  raies  jaunes 
du  sodium.    (Read  March  5.) 


Ueber     das 
March  22.) 


Krypton.        (Read 


Note  sur  les  spectres  des  d6charges 
oscillantes.    (March.) 

Ueber  Spectra  von  Gasgemengen 
und  von  Entladungshiillen.  (Read 
May  11.) 

A  second  Spectrum  of  Hydrogen 
beyond  X  =  185  mm«    (May.) 

Einige  Beobachtungen  iiber  Lumin- 
escenzspectren.    (Read  June  5.) 


Some  Properties  of   the   Electric 
Spark  and  its  Spectrum.    (June.) 

The  Spectra  of  Mercury.    (June.) 


Ueber   das    Bandenspectrum   des 
Aluminiums.     June.) 


<  SitzuDgsb.  Akad.  Wien/ 
c  i  X.  II.  a,  16-23; 
*  Monatsh.'  f.  Chem.  xxi. 
148-156 ;  •  Chem.  Centr.' 
1900.  I.  346  (Abs.);  'J. 
Chem.  Soc.*  Ixxviii.  11, 
347-348  (Abs.) 

*  Sitzungsb.  Akad.  Wien,' 
cix.  II.a,  103-169. 


*C.    R.'    cxxx.    653-656; 

*  Beiblatter,*  xxiv.  674 
(Abs.) ;  *  Nature,*  Ixi.  483 
(Aba.) ;  *  Science  Abstr.* 
iii.  376. 

*  Sitzungsb.  Akad,  Berlin.' 
1900.  212-217;  'Chem. 
Centr.*  1900,  I.  945-946 
(Abs.);  «Chem.  News/ 
Ixxxi.  205-207. 

*  J.  de  Phys.*  [3],  ix.  153 
155;   •  Beiblatter,*  xxiv. 
472  (Abs.) 

*  Verb.  Deutsch.  Phyg. 
Gesellsch.*  u.  110-112. 

'Astrophys.  J.*  xi.  312- 
313  ;  '  Beiblatter,*  xxiv. 
910  (Abs.) 

•Ber.*  xxxiii.  1748-1763; 

•  Chem.  Centr.*  1900,  II. 
233-234  (Abs.)  ;  *  Bei- 
blatter,*  xxiv.  1126-1127 
(Abs.) 


*  Johns    Hopkins 
Circ*  xix.  63-64. 


Univ. 


*  Johns  Hopkins  Univ. 
Clrc'  xix.  62  ;  *  Astro- 
phys.  J.*  xii.  103-119; 
'  Beiblatter,'  xxiv.  1293 
(Abs.);  *  Science  Abetr.' 
iii.  950-951. 

»Ann.  der  Phys.'  [4],  ii. 
33 1-334 ;  *  Science  Abstr.' 
iii.  690;  *  Nature/  Ixii. 
335  (Abs.);  *Chem.Centr/ 
1900,  II.  86  (Abs.) 
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E.  Demar^7 . 


F.  Exner   and   E. 
Haschek. 

B.  Deraar9^y , 


C.  Ji  BoUefson 
C.  Rnnge 

J.  Trowbridge 

H.  Crew 

H.  Eayser     . 
Sir  J.  N.  Lockyer 


W.     Ramsay    and 
M.  W.  Travers. 

E.  Demar^ay . 


G.  D.  Liveing  and 
J.  Dewar. 


G.  Berndt 


Emissiok  Spectra,  1900. 
Sur  le  spectre  du  radium.    (Bead 
July  23.) 


Sur  le  gadolinium.  (Bead  July  30.) 


Note  on  the  Spectrum  of  Silicon. 
(July.) 

Sur   quelques    nouyeaux   spectres 
des  terres  rares.    (Read  Aug.  6.) 


Spectra  of  Mixtures.    (Aug.) 


Ueber  das  Spectrum  des  Radiums. 


The  Spectrum  of  Hydrogen  and 
the  Spectrum  of  Aqueous  Vapour. 
(Sept.) 


On  the  Arc  Spectra  of  some  Metals 
as  influenced  by  an  Atmosphere  of 
Hydrogen.    (Oct.) 


Normalen  aus  dem  Bogenspectrum 
des  Eisens.    (Oct.) 

Note  on  the  Spectrum  of  Silicium. 
(Read  Nov.  2.) 

Argon  and  its  Companions.    (Read 
Nov.  16.) 

Sur  les  spectres  du  samarium   ct 
du  gadolinium.    (Read  Dec.  10.) 


On  the  Spectrum  of  the  more  Vola- 
tile Gases  of  Atmospheric  Air, 
which  are  not  condensed  at  the 
Temperature  of  Liquid  Hydrogen. 
PreliminaryNotice.  ( Read  Dec.  13.) 

Ueber  die  Spectra  von  Radium 
und  Polonium.    (Dec.) 


'  0.  R.'  cxxxi.  258-259  ; 
'Beiblatter/  xxiv.  1121 
(Abs.);  «J.  Chem.  Soc. 
Ixxviu.  n.  686  (Abs.) 

«C.   R.»   cxxxi.    343-^46; 

•  Chem.  Centr.'  1900,  II. 
657 (Abs.);  •Chem.News.* 
Ixxxil.  97-98. 

•  Astrophys.  J.*xli.  48-49; 
'  Science  Abstr.*  iii.  950. 

•C.  R.*  cxxxi.  887-889; 
•J.  Chem.  Soc.'  Ixxvili. 
n.  656  (Abs.)  ;  <  Science 
Abstr.'  iii.  854  ;  *  Chem. 
News/  Ixxxil.  127. 

*Phys.  Review.*  xL  101- 
104. 

*Ann.  der  Phys.'  [4],  iii. 
742-746 ;  *  Nature/  Ixii. 
568  (Abs.)  ;  *  Science 
Abstr.*  iii.  853-864. 

•  Amer.  J.  Sci.*  [4],  x.  222- 
230  ;  •  Nature/  brii.  668 
(Abs.)  ;  » Phil.  Mag.'  [5], 
1.  338-347;  *  J.  Chem. 
Soc.'  Ixxviii.  II.  701 
(Abs.) 

*Phil.  Mag.'  [6],  1.  497- 
605  ;  *  Astropnys.  J.'  xii. 
167-176  ;  *  Nature/  Ixiii. 
114  (Abs.)  ;  •  Science 
Abstr.'  iv.  24. 

*Ann.  der  Phys/  [4],  ii. 
195-203. 

*Proc.  Roy.  Soc/  Ixvii. 
402-409;  *  Chem.  Centr/ 
1901, 1.  436  (Abs.) 

*Proc.  Roy.  Soc/  Ixvii. 
329-333  (Abs.) 

*C.  R/    cxxxi.  995-998; 

•  Beibiatter/  xxv.193-194 
(Abs.)  ;  *  Chem.  News/ 
IxxxiU.  11  (Abs.) 

*Prcc.  Roy.  Soc'  Ixvii. 
467-474;  *  Chem.  News/ 
Ixxxiii.  1-2,  13-16  ; 
•Nature/  IxiiL  189-190 
(Abs.) 

•  Physikal.  Zeitschr.'  ii. 
180-181  ;  *  Beibiatter/ 
XXV.  38-39  (Abs.);  *Chem. 
News,*    ixxxiii.    77-78  ; 

•  Science  Abstr.'  iv.  226. 
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REPORT — 1901. 


W.  N.  Hartley 
H.  Lehmann  . 


Emission  Spectra,  1900— Absorption  Spbctba,  1898. 
Spectrnm  of  Cyanogen. 


G.  Kruss   and   E. 
Thiele. 


Die  ultraroten  Spectren.  (Frei- 
burg i.  B.  Univ.  Bnchdr.  Chr. 
Lehmann  Nachf.,  13  pp.) 

III. 

ABSORPTION  SPECTRA. 

1894. 

Ueber  die  Ldsangznstand  des  Jod, 
und  die  wahrscheinlicbe  Ursache 
der  Farbenuntersohiede  seiner 
Losungen.    (Jan.) 


*  Proc.  Roy.  Soo.  Dublin/ 
ix.  289-297. 


*Beibiatter/  xxiv, 
1120  (notice.) 


1119^ 


'  Zeitschr.  f .  anoig.  Chem.' 
vii.  52-81  ;  *  J.  Chem. 
Soc'  Ixvi.  II.  446-446 
(Abs.) 


G.  Dimmer    . 


D.  F.  Harris 


W.  N.  Hartley  and 
J.  J.  Dobbie 


G.  Urbain 


0.  Bondouard 


C.  A.  Schunck 


H.  Rubens  and  E. 
Aschkinass 


V.  Arnold 


1897. 

Ueber  die  Absorptionsspectren 
von  Didymsulfat  und  Neodym- 
ammonnitrat.    (Read  Dec.  16.) 

1898. 

Some  Contributions  to  the  Spectro- 
scopy of  Haemoglobin  and  its 
Derivatives.    (R^Eid  Feb.  7.) 

The  Ultra-violet  Absorption  Spectra 
of  some  Closed-chain  Carbon  Com- 
pounds.   (Read  Feb.  17.) 

Notes  on  the  Absorption  Bands  in 
the  Spectrum  of  Benzene.  (Read 
Feb.  17.) 


Sur  une  nonvelle  m^thode  de  frac- 
tionnement  des  terres  yttriques. 
(Read  Mar.  14.) 


Sur  le  n6odyme.    (Bead  Mar.  21.) 


A  Photographic  Investigation  of 
the  Absorption  Spectra  of  Chloro- 
phyll and  its  Derivatives  in  the 
Violet  and  Ultra-violet  Region  of 
the  Spectrum.    (Read  Mar.  24.) 

Beobachtnngen  uber  Absorption 
und  Emission  von  Wasserdampf 
und  Kohlens^ure  im  nltrarothen 
Spectrum.    (March.) 

Ueber  die  Heller'sche  Probe  zum 
Nachweis  des  BlutfarbetofEes  im 
Ham.    (March.) 


•  Sitzungsb.  Akad.  Wien.' 
cvi  n.a,  1087-1102, 


•Proc.    Roy.   Soc.  Bdln.* 
.  xxu.  187-208. 

•J.  Chem.  Soo.*  Ixxiii.  I., 
698-606;  «Chem.  News,* 
Ixxvii.  103  (Abs.);  'Na- 
ture/ IvU.  430  (Abs.) 

*J.  Chem.  Soc.*  IxxiU.  I. 
695-697;  *Chem.  Centr.' 
1899,1.198-199;  'Chem. 
News,' Ixxvii.  103  (Abs.) ; 
•  Science  Abstr.'  ii.  739. 

«C.  R.'  cxxvi.  836-838; 
♦Chem.  Centr.*  1898,  I. 
879  (Abs.);  «Cbem. 
News.*  Ixxvii.  147-148 
(Abs.) 

*C  R.*  cxxvi.  900-901; 
•Chem.  Centr.*  1898,1. 
983  (Abs.);  •Chem. 
News,*  Ixxvii.  193. 

•  Proc.  Roy.  Soc.'  Ixiii. 
389-396;  'J.  Chem. 
Soc.*lxxvi.II.640(Abs.) 


•Ann.  Phys.  n.  Chem. 
[N.F.],  Ixiv.  684-601; 
♦  Nature,*  Iviii.  93  (Abs.) 

•Berl.  Klin.  Wochensch. 
XXXV.  283-286;  *Chem. 
Centr.*  1898,  I.  1002, 
(Abs.) 
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Absorption  Spbotba,  1898, 1899. 


K,  Demar^ay . 


B.  Zgigmondj 


K.  Angstrdm . 


A.  Etanl      and 
Bonilhac    . 

B.  von  Zeynek 


O.  D.  Liveing 

B.  Deussen    . 

S,  Forsling    . 

K.  Ibsen 

G.  J.  Eatz      . 

C.  Ton  Scbeele 

H.  Ejrensler   . 
F.Baccei 


Sor  le  spectre  et   la   nature   da 
n^odyme.    (Read  April  4.) 


Ueber  w&sserige  Ldsongen  metal- 
lischen  Goldes.    (April.) 


Om  absorptions  fermogen  hos  en 
sotad  yta.    (Read  May  11.) 


Presence  des  chloropbylles  dans  un 
Nostoc  cultiv6  4  Tabri  de  la 
lumi^re.    (Read  July  11.) 

Ueber  das  Hamoobromogen.  (July.) 


On  tbe  Variation  of  Intensity  of 
the  Absorption- Bands  of  different 
Didymiom  Salts  dissolved  in  water, 
and  its  bearing  on  the  lonisation 
Theory  of  the  Colour  of  Solutions 
of  Salts.    (Read  Nov.  28.) 

Ueber  die  Absorption  des  Uranyl- 
salze.    (Dec.) 


Om  praseodidyms  spectra. 


Ein  Beitrag  zum  Blutnachweis. 
(Vierteljahrschrift  fiir  gerioht. 
Med.  1898,  111.) 

Yerschiebung  der  Absorptions- 
streifen  in  verschiedenen  Losungs- 
mitteln.  (Inaug.  Diss.  Erlangen, 
33  pp.) 

Ueber  Praseodidym  und  dessen 
wichtigste  Yerbindungen. 


1899. 

Eine  einfache  Methode  fiir  die 
Umkehrung  des  Natriumspectrum. 
(Jan.) 

SuUo  spettro  di  assorbimento  dei 
gas.    (Jan.) 


•C.  R.'  cxxvi.  1037-1041; 
« Beiblfttter,*  xxiii.  401 
(Abs.);  •J.  Chem.  Soc.' 
bcxiv.  II.  518-519  (Abs.); 
*Chem.  News,'  Ixzvii. 
219-220. 

*Ann.  Chem.  u.  Pharm.* 
ccoi.  29-54;  *J.  Chem. 
Soc.*  Ixxiv.  II.  622-523 
(Abs.) 

*Oefvers.    af     K.  Yet. 

Akad.    F6rh.'    Iv.  283- 

295;   *  Beiblfttter/  xxiii. 
97-98  (Abs.) 

*C.  R.'  cxxvii.  119-121; 
•Chem.  Centr.'  1898,11. 
493-494  (Abs.) 

*  Zeitsohr.  f .  physiol. 
Chem.'  XXV.  492-506 ; 
'  Chem.  Centr.'  1898,  II. 
122-123  (Abs.);  'J. 
Chem.  Soc.'  Ixxiv.  I. 
720  (Abs.) 

•Proc.  Phil.  Soc.  Camb.' 
X.  40-44;  'Science 
Abstr.'  ii.  379-380  (Abe.) ; 
•  Nature,' lix.  142  (Abs.) 


*Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixvi.  1128-1148; 
•  Nature,' lix. 347  (Abs.); 
♦Science Abstr.' ii.  78. 

•Bihang  till  K.  Yet. 
Svensk.  Akad.  Handl.' 
xxii.  I.  No.  5,  20  pp. 

'Chem.  Centr.'  1898,  L 
417-418  (Abs.) 

•  Beibiatter.'  xxU.  774-776 
(Abs.) 


*  Zeltschr.  f .  anorg. 
Chem.'  xvii.  310-326 ; 
•J.  Chem.  Soc.'  Ixxiv. 
II.  519-520  (Abe.) 


*  Chem.  Zeitung,'  xxiii. 
37;  *J.  Chem.  Soc.* 
Ixxvi.  II.  717  (Abs.) 

*I1  Nuovo  Cimento'  [4], 
ix.  177-191;  •Beibiatter,' 
xxiti.  635-686  (Abs.); 
•Science  Abstr.' U.  603. 
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REPORT — 1901. 


A.  Dastre  and  N. 
Floresco     . 


W.  N.  Hartley  acd 
J.  J.  Dobbie 


W.  N.  Hartley 


A.  Etard 


C.  A.  Schunck 


G.  D.  Liveing 


A.  Wynter  Blytb. 


I 


Absobption  Spbotra,  1890. 

Contributions  k  T^tade  des  chloro- 
pbylles  animales.  Chlorophylle 
du  foie  des  invert6br6s.  (Read 
Feb.  18,) 

A  Study  of  tbe  Absorption  Spectrum 
of  IsatJn,  Carbostyril,  and  their 
Alkyl  Derivatives,  in  relation  to 
Tautomerism.    (Read  Feb.  16.) 


On  the  Absorption  Spectrum  and 
Constitution  attributed  to  Cyan- 
uric  Acid.    (Read  Feb.  16.) 


Les  ohlorophylles.    (April.) 


Yellow  Colouring  Matters  accom- 
panying Chlorophyll,  and  their 
Spectroscopic  Relations.  (Read 
May  18.) 

On  the  Influence  of  Dilution,  Tem- 
perature, and  other  circumstances, 
on  the  Absorption  8i>ectra  of 
Didymium  and  Erbium  Salts. 
(Read  June  5.)  (*  Trans.  Phil.  Soc. 
Cambridge;  xviii.  298-315.) 

The  Ultra- violet  Absorption  Spectra 
of  Albuminoids  in  relation  to  that 
of  Tyrosin.    (Read  June  16.) 


W.  N.  Hartley, 
F.  R.  Japp.  and 
J.  J.  Dobbie. 


W.  Muthmann  and 
L.  Stiitzel. 


L.  Puccianti  . 


O.  D.  Liveing 


Report  on  the  Relation  between 
the  Absorption  Spectra  and 
Chemical  Constitution  of  Organic 
Substances.  (Interim  Report.) 
(Sept.) 

Beitrage  zur  Spectralanalyse  von 
Neodvm  und  Praseodym.  (Read 
Oct.  4.) 


Ueber  die  Absorptionsspectren  der 
Eohlenstoffverbindungcn  im 
Ultrarot.  (VorlSuege  Mitthei- 
lung.)    (Oct.) 

On  the  Influence  of  Temperature 
and  of  Various  Solvents  on  the 
Absorption  Spectra  of  Didymium 
and  Erbium  Salts.  (Read  Nov. 
27.) 


*C.  R.*  cxxviii.  898-iOO; 
•J.  Chem.  Soc.'  Ixxvi. 
II.  374  (Abs.) 


'  J.  Chem.  Soc.'  Ixxv.  I. 
640-661;  'Proc.  Chem. 
Soc'  XV.  47-48  (Abs.); 
*  Chem.  News,'  Ixxix. 
101.  (Abs.);  *Chem. 
Centr.*  1899,  I.  788- 
789  (Abs.) 

*Proc.  Chem.  Soc.*  xv. 
46-47  (Abs.);  *Chem. 
News,*  Ixxix.  101  (Abs.) ; 
•Chem.  Centr.*  1899,  I. 
784  (Abs.) 

« Ann.  Chim.  et  Phys.*  [7], 
xiii.  656-574. 

*  Proc.  Roy.  Soc*  Ixv.  177- 
186;  'J.  Chem.  Soc.* 
Ixxxviu.  II.  36-37  (Abs.) 


*J.  Chem.    Soc*   Ixxviii. 
I     II.  517  (Abs.) 


*J.  Chem.  Soc'  Ixxv. 
1162-1166;*  Proc.  Chem. 
Soc* XV.  175-176  (Abs.); 
*  Chem.  Centr.*  1899,  II. 
257  (Abs.) ;  *  Chem. 
News,*  Ixxx.  32  (Abs.) 

*  Brit.  Assoc.  Report,' 
1899,  316-358. 


»Ber.*    xxxii.  2663-2677; 

*  Chem.  Centr.'  1899,  11. 
931-933  (Abs.);  «J. 
Chem.  Soc*  Ixxviii.  II. 
18-19  (Abs.);  *  Bei- 
biatter,*  xxiv.  478  (Abs.) 

•Phys.Zeitschr.*i.  49-52; 
•J.  Chem.  Soc*  Ixxviii. 
II.  585  (Abs.) 

'Proc  Phil.  Soc.  Cam- 
bridge,*     X.      213-214 ; 

•  Science  Abstr.*  iii.  630- 
531 ;  ♦  Nature,*  bd.  214- 
215  (Abs.) 
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Absorption  Spectra,  1899, 1900. 


S.  Forsllng    .        .  I  OmAbsorptionsspectrahos  Erbium, 
Holmium  ocb  Tholinm. 


G.  Bode .        .        .     Ueber      Pbylloxanthin.        (« Bot. 
Centralbl/  xx.  227-239.) 

P.  Baccei       •       .     SuUo  spettro  di  assorbimento  delle 
xnescolanze  gassose. 


Y.  Arnold  .  .  Ein  Beitrag  zur  Spectroscopic  des 
Blutes.  ('Centr.  med.  Wis8.* 
xxxvii.  465-468.) 


*  Bibang  till  K.  Vet.  Akad. 
Handl.'  xxiv.  I.  No.  7, 
35  pp. ;  *  Beiblattcr/  xxiv. 
477-478  (Aba.) 


*Chem.  Centr.' 
529  (Abs.) 


1899,   II. 


*  II  Nnovo  Cimento  *  [4], 
ix.  241-253  ;*Beiblfitter,* 
xxiii.  636-637  (Abs.) 

•Chem.  Centr.*  1899,  II. 
344  (Abs.);  «J.  Chem. 
Soc.'lxxviii.  I.127(Ab8.) 


V.  Arnold 


W.  N.  Hartley  and 
J.  J.  Dobbie. 


E.  Marchlewski 


W.  N.  Hartley 


W  N.  Hartley  and 
J.  J.  Dobbie. 


M.Radais 


B.  Glatzel 


It,  Puccianti 


W.N.  Hartley  and 
J.  J.  Dobbie. 


1900. 

Ueber  das  neutral e  Hamatin- 
spectrum.  (*Centrabl.  f.  med. 
Wiss.*  xxxvii.  833-836,  849-851.) 

The  Absorption  Spectra  of  Am- 
monia, Methylamine,  Hydroxyl- 
amine,  Aldoxime,  and  Acetoxime. 
(Read  Feb.  1.) 


Phvllorubin,  ein  neues  Deri  vat  des 
Chlorophylls.     (Read  Feb.  5.) 


The  Action  of  Heat  on  the  Absorp- 
tion Spectra  and  Chemical  Con- 
stitution of  Saline  Solutions 
(Bead  Feb.  21.) 


Spectrographic  Studies  in  Tauto- 
merism.  The  Absorption  Curves 
of  the  Ethyl  Esters  of  Dibenzoyl- 
succinic  Acid.    (Read  March  1.) 

Sur  la  culture  pure  d'une  algue 
verte  ;  formation  de  chlorophylle 
k  robscurit6.    (Read  March  19.) 

Bestimmnng  von  Absorptions- 
coefficienten  im  ultravioletten 
Spectralgebiete.    (May.) 

Spettri  di  assorbimento  di  liquidi 
neir  ultrarosso.    (May.) 


The  Ultra-violet  Absorption  Spectra 
of  some  Closed-chain  Carbon 
Compounds.  II.  Dimethylpyra- 
zine,  Hexamethylene,  and  Tetra- 
hydrobenzene.    (Read  June  7.) 


*Chem.    Centr.' 
209  (Abe.) 


1900,  I, 


*  J.  Chem.  Soc'  Ixxvii.  I. 
318-327;  'Proc.  Chem. 
Soc'  xvi.   14-16  (Abs.); 

*  Chem.  News,'  Ixxxi.  81 
(Abs.);  'Chem.  Centr.* 
1900,  I.  581  (Abs.) 

'  Bull.  Akad.  Cracow,* 
1900,  63-64;  'Nature,' 
Ixiii.  66  (Abs.) 

'Trans.  Roy.  Soc.  Dublin' 
[2],  vii.  253-312;  'Na- 
ture.* Ixiii.  313  (Abs.); 
« J.  Chem.  Soc'  Ixxx.  il. 
53  (Abs.) 

« J.  Chem.  Soc.*  IxxviL  I. 
498-509;  'Proc.  Chem. 
Soc.'  xvi.  57-68  ;  *  Chem. 
Centr.*  1900, 1. 750  (Aba.) 

C.  R.*  cxxx.  793-796; 
'J.  Chem.  Soc*  Ixxviii. 
II.  362  (Abs.) ;  « Nature,* 
Ixi.  532  (Abs.) 

'Phys.  Zeitschr.'  i.  285- 
287;  *Beibiatter,*  xxiv. 
476-477  (Abs.);* Science 
Abstr.'  iu.  688. 

*  II  Nuovo  Cimento '  [4], 
xi.  241-278  ;*Beibmtter; 
xxiv.  1122-1123  (Abs.); 

*  Science  Abstr.'  iii.  783. 

« J.  Chem.  Soc'  Ixxvii.  I. 
846-850;  'Proc  Chem. 
Soc*  xvi.  129-180  (Abs.); 
« Chem.  News,'  Ixxxi. 
307  (Abs.) 
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REPORT— 1901, 


W.  N.  Hartley,  J. 
J.  Dobbie,  and 
P.  G.  Palliatseas. 


L.  MarchlewBki  and 
C.  A.  8chunck. 


J.  Form&nek . 
P.  Lemoult 

Sir  J.  N.  Lockycr 
A.  Miethe 

C.  Camichel  . 
J.  Form&nek . 


B.  Glatzel 


R.  Robert 


H.  J.  M6Uer 


Absobption  Spectra,  1900. 

A  Study  of  the  Absorption  Spectra 
of  0-OzycarbonU  and  its  Alkjl- 
derivatives,  in  Relation  to  Tauto- 
merism.    (Read  Jane  7.) 


Notes  on  the  Chemistry  of  Chloro- 
phyll.   (Read  June  21 .) 


Der  Farbstoff  der  roten  Reihe  and 
sein  Absorptionsspectram.  (Oct.) 


Relation  entre  la  constitution 
chimique  des  colorants  du  tri- 
ph6nylmethane  et  les  spectres 
d'absorption  de  leurs  solutions 
aqueuses.    (Read  Nov.  19.) 

Further  Note  on  tho  Spectrum  of 
Silicium.    (Read  Nov.  22.) 

Photographische  Platten  zur  Auf- 
nahme  von  Absorptionsspectrum. 
(Nov.) 

Remarques  sur  le  Note  de  M. 
Lemoult  intitul6e :  Relation  entre 
la  constitution  chimique  des 
colorants  du  triph^nylmethane  et 
les  spectres  d'absorption  de  leurs 
solutions  aqueuses.  (Read  Dec.  10.) 

Nachweis  der  Metallsalze  mittels 
der  Absorptionsspeotralanalyse 
unter  Yerwendung  von  Alkanna. 
I..  II. 


Quantitative  Untersuchungen  fiber 
Absorption  und  Reflexion  im 
Ultraviolett. 


Beitrage  tur  Eenntniss  des  Metha- 
moglobine. 


Ueber  ge&bte  GlSser.  II.  Die 
spectrsdanalytische  Untersuch- 
ung  der  Gl&ser  (*Ber.  Dentsch. 
pbarm,  Qesellsch.'  x.  234-264.) 


*J.  Chem.  Soc.'  Ixxvli.  I. 
839-845;  *Proc,  Chem. 
Soc'xvi.  130-131  (Abs.); 

*  Chem.  News/  Ixxxi.  307 
(Abs.) 

*J.  Chem.  Soc.'  Ixxvii. 
1080-1094;  *Proc.  Chem. 
Soc.*  xvi.  X48-149  (Abs.) 

'J.  prakt.  Chem.'  [2]  bdi. 
310-314; 'J.  Chem.  Soc.' 
Ixxx.  35  (Abs.) 

•C.  R.'  cxxxi.    839-842; 

*  Beibiatter/  xxv.  36 
(Abs.);  «Chem.  News/ 
bcxxU.  290-291 ;  *  Nature/ 
Ixiii.  124  (Abs.) 

•Proo.  Roy.  Soc.'  Ixvii. 
403-409. 

*  Zeitsohr.  f .  angew.  Chem.* 
1900, 1199-2000;  *Chem. 
Centr.»  1901,  I.  12-13 
(Abs.) 

•C.  R.*  cxxxi.  1001-1002; 

*  Chem.  News,'  Ixxxiii. 
11  (Abs.);  *Beiblatter/ 
xxv.  36  (Abs.) 


'  Zeitscbr.  anal.  Chem.* 
xxxix.  409-434, 673-693 ; 
«Chem.  Centr.'  1900,  XL 
741  (Abs.);  «J.  Chem. 
Soc.'  Ixxviii.  n.  687 
(Abs).  Ixxx.  II.  128- 
129  (Abs.) 

'Phys.  Zeitscbr/  ii.  173- 
178;  'Beibiatter/  xxv, 
35  (Abs.);  'Science 
Abstr.'  iv.  223-224. 

*Arch.  f.  d.  gesammte 
PhysioL*  Ixxxii.  603- 
630;  *Chem.Centr.'190l, 
I.  51-52  (Abs.);  *J. 
Chem.  Soc.'  Ixxx.  I.  242- 
243  (Abs.) 

*Chem.  Centr.'  1900,  II. 
1286-1287  (Abs.) 
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fi.  Tb.  Simon 


J.  Widmark  . 

A.  KSnig 

D.  Dijken      . 

W.  Konig      . 
H.  Becqnerel . 

T.  Preston     . 

U.  Becqnerel . 
P.  Camazzi    . 

T.  W.  Engelmann 


IV. 

PHYSICAL  RELATIONS. 
1896. 

Ueber  ein  neues  photograpbiscbes 
Pbotometrirverfabren,  nnd  seine 
Anwendung  auf  die  Pbotometrie 
des  nltravioletten  Spectralge- 
bietes. 

1897. 

Cm  gr&nsen  for  det  synliga  spec- 
tram.    (Read  May  12.) 


Die  Abbangigkeit  der  Farben*  und 
Helligkeitsglilbungen  von  der  ab- 
solnten  Intensit&t.  (Read  July 
29.) 

Die  Molecularrefraction  nnd  Dis- 
persion aosserst  Terdiinnter  Salz- 
losungen  unter  Beriicksicbtignng 
der  Dissociation. 

Einfacbe  Demonstration  des  Zee- 
man*scben  Pbanomens. 

Sor  une  interpretation  applicable 
aupb^nom^ne  de  Faraday  et  au 
phenom^ne  de  Zeeman.  (Read 
Nov.  6.) 

Radiation  Phenomena  in  a  strong 
Magnetic  Field.  I.  (Read  Dec.  22.) 


The  Zeeman  Effect  photographed. 
(Dec.) 

Explication    de   qnelqnes   experi- 
ences de  M.  G.  le  Bon. 


InflnenzadeUa  pressionesnll'indice 
di  rifrazione  dei  gas. 


Tafeln  and  TabeUen  znr  Darstel- 
lung  der  Ergebnisse  spectroscop- 
ischen  n.  spectrophotometrischen 
Beobachtongen.    (Book,  Leipzig.) 


*Ann.  Phys.  n.  Chem.* 
[N.F.],lix.  90-116;  'As- 
trophys.  J.*  v.  69-70 
(Abs.) ;  *  Science  Abstr.* 
1.56. 


*  Oef  vers,  af  E.  Yet.  Akad. 
Forh.'  liv.  287-307 ; 
*BeiblStter/  xxii.  673 
(Abs.) 

*  Sitzungsb.  Akad.  Berlin/ 
1897,  871-^82;  *  Bei- 
blatter,'  xxii.  676-576 
(Abs.) 

*  Zeitschr.  f.  physikal. 
Chem.'xxiv.  81-113;  *J. 
Chem.  Soc'  bcxiv.  IL  1 
(Abs.) 

*Ann.  Phys.  u.  Chem/ 
[N.F.],  Ixiii.  268-272; 
•  Science  Abstr.'  i.  131. 

*C.R.'cxxv.  679-685;  *J. 
de  Phys.'  [3],  vi.  681- 
688  ;  *  Science  Abstr.'  i. 
56-68 ;  *  Nature/  Ivii.  72 
(Abs.) 

•Trans.  Roy.  Soc.  Dubl.* 
[2]  vi. 386-392; 'Nature/ 
Ivii.  239  (Abs.) ;  *  Science ' 
Abstr.*  i.  638. 

» Nature/ Ivii.  173. 

'J.  dePhys.'  [3],  vi.  626- 
628;  *  Nature/  Ivi.  619 
(Abs.) 

*  II  Nuovo  Cimento '  [4], 
vi.  386-400;  *Beiblatter; 
xxii. 661  (Abs.);  'Science 
Abstr.'  i.  388-384. 

*Beiblatter,*  xxii.  62-63 
(notice). 


A    Perot    and   C. 
Fabry. 


1898. 

Sur  une  nouvelle  m^thode  de  spec- 
troscopic interf^rentielle.  (Read 
Jan.  3.) 


'C.R.*cxxvi.  34-36;  *Na. 
ture/  Ivii.  263  (Abs.); 
•  Beibiatter/  xxii.  567 
(Abs.) 
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BEPORT— 1901. 


A.  Cornu 

T.  Preston      . 

A.  Coma 
P.  Daude 

G.  J.  Burch  . 

H.  A.  Lorentz        • 

P.  Zeeman 
a.  Abati 

J.  Stscheglayew     . 

A.  Cotton 

A.  A.  Micbelson     . 

E.  Carvallo    . 

R.  A.  Lehfeldt 

W.  N.  Hartley  and 
H.  Ramage. 


Physical  Relations,  1898. 

Sar  quelques  rdsultats  nouveaux 
relatifs  au  ph^nomdne  decouvert 
par  M.  le  Dr.  Zeeman.  (Read 
Jan.  17.) 

On  the  Modifications  of  the  Spectra 
of  Iron  and  other  Substances 
radiating  in  a  Magnetic  Field. 
(Bead  Jan.  20.) 

Additions  4  ma  note  pr^c^dente 
sar  le  ph^nom^De  de  Zeeman. 
(Read  Jan.  24.) 

Die  optische  Constanten  dea  Na- 
triams.    (Jan.) 


On  Artificial  Temporary  Coloor- 
blindness,  with  an  Examination  of 
the  Colour  Sensations  of  109  Per- 
sons.   (Read  Feb.  17.) 

Optische  Verschijnselen  die  met  de 
Lading  en  de  Massa  der  lonen  in 
Verband  stand.    (Read  Feb.  26.) 


Measurements  concerning  Radia- 
tion Phenomena  in  a  Magnetic 
Field.    (Feb.) 

Ueber  des  Refractions-  and  Disper- 
sions vermogen  des  Siliciums  in 
seinen  Verbindungen.    (Feb.) 


Ueber  das  Brechungsvermogen  des 
mit  Fliissigkeiten  getrilnkten  Hy- 
drophans.    (Feb.) 

Sur  les  experiences  d'Egoroff  et 
Georgiewsky,  et  Texplication  de 
Lorenz.    (Feb.) 

Radiation  in  a  Magnetic  Field. 
(Feb.) 


Recherches  de  precision  sur  la  dis- 
persion infra-rouge  du  quartz. 
(Read  March  7.) 

On  the  Properties  of  Liquid  Mix- 
tures.  Part  II.   (Read  March  11.) 

A  Determination  of  the  Wave- 
lengths of  the  Principal  Lines  in 
the  Spectrum  of  Gallium,  showing 
their  Identity  with  two  Lines  in 
the  Solar  Spectrum.  (Read  March 
16.) 


*C.  R.*   cxxvi.   181-186; 

♦  Nature.' Ivii.  310(Abs.) ; 

*  Science  Abstr.'  i.  69. 

*  Proc.  Roy.  Soc*  briii.  26- 
31;  *Beiblatter/  xxiii. 
299-300  (Abs.) ;  •  Science 
Abstr.'  i.  386. 

*C.   R.*    cxxvi    300-301; 

•  Nature,  IvU.  336  (Abs.) 

♦Ann.  Phys.  u.  Chem.' 
[N.F.],     bdv.     159-162  j 

*  J.  Chem.  Soc.*  Ixxiv.  II. 
273-274  (Abs.)  ;*  Science 
Abstr.*  i.  382. 

*  PhiL  Trans.*  cxci.  1-34 ; 
*Proc.  Roy.  Soc*  Ixiii. 
35-38  (Abs.) 

*  Zittingsversl.  d.  K.  Vet. 
Akad.  Amsterdam,'  vi. 
506-629,  655-665;  *Bei. 
blatter,'  xxiii.  51-53 
(Abs.) ;  *  Nature,'  Iviu.  48 
(Abs.) 

*Phil.  Mag.'[5],xlv.  197- 
201 ;  *  Science  Abstr.'  i. 
250. 

*  Zeitschr.  1  physikal. 
Chem.'  XXV.  353-864 ; 
'  Beibiatter,'  xxii.  897- 
398  (Abs.) ;  *  Chem. 
News,'  Ixxvii.  271  (Abs.) 

*Ann.  Phys.  u.  Chem.' 
[N.F.],    ixir.     325-332; 

*  Science  Abstr.'  i.  382. 

*  L'Bclairage  6lectrique,* 
xiv.  299-300;  •Science 
Abstr.'  i.  390. 

•Astrophys.  J.*  vii.  131- 
138;  'PhlL  Mag.'  [6], 
xlv.  348-356;  *  Science 
Abstr.'  i.  537-538. 

*C.    R.'   cxxvi.   738-731} 

•  Beiblatter,'  xxiii.  31- 
32;  (Abs.);  *  Nature,* 
Ivii.  472  (Abs.) 

•Proc.  Phys.  Soc.'  xvi. 
83-102. 

*  Trans.  Roy.  Soc.  Dublin ' 
[2],  vii.  1-6  ;  *  Astrophys. 
J.'  ix.  214-220;  *  Beiblat- 
ter,'xxiv.l07, 108  (Abs.); 

•  Science  Abstr.'  ii.  81C- 
817. 
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A.  Gotten 


H.  Becquerel   and 
H.  Deslandres 


E.  S.  Ferry 


H.  G.  Madan  , 


H.  Pufet 


T.  Preston 


T.  C.  Porter 


B.  Bdser  and  0.  P. 
Butler. 


O.Klein 


P.  Zeeman 


H.  A.  Lorents 


C.  £.  Mendenhall 
and  F.  A.  Saun- 
ders. 


A.  Trowbridge 


Physical  Bblations,  1898. 

Radiations  dans  un  champ  mag* 
n6tique.  II.  Renversement  des 
rales  de  sodium,  et  application. 
(March.) 

Contribution  4  T^tude  du  ph6no- 
mdne  de  Zeeman.  (Read  April  4.) 


Ueber  das  Verhiiltniss  der  Span- 
nung  des  electrischen  Stromes 
und  der  Starke  der  Strahlung  der 
Spectra  reiner  Gase  in  Vakuum- 
rohren.    (Read  April  13.) 

On  some  Organic  Substances  of 
High  Refractivity,  available  for 
Mounting  Specimens  for  Exami- 
nation under  the  Microscope. 
(Read  April  20.) 

Sur  les  propri6t6s  optiques  du 
calomel  (protochlorure  de  mer- 
cure).    (Read  April  21.) 

Radiation  Phenomena  in  the  Mag- 
netic Field.    (April.) 


Contributions    to    the   Study   of 
Flicker.    (Read  May  26.) 


A  Simple  Method  of  Reducing  Pris- 
matic Spectra.    (Head  May  27.) 


Die  Anwendung  der  Methode  der 
Total-reflexion  inderPetrographie. 
(Read  May  26.) 

Over  eene  Asymmetric  in  de 
Verandering  der  Spectraallijnen 
van  Ijsen  bij  Straling  in  een  mag- 
netisch  Veld.    (Read  June  25.) 

Beschoningen  over  dem  Invloed 
van  een  magnetisch  Veld  op  de 
Uitstraling  van  Licht.  (Read 
June  25.) 

The  Energy  Spectrum  of  an  abso- 
lutely Black  Body.    (June.) 


Ueber  die  Dispersion  des  Sylvins, 
uud  das  Re  flexions  vermogen  der 
Metalle.    (Juno.) 


'  L*Eclairage  61ectrique,* 
xiv.  540-547;  *  Beiblatter/ 
xxii.  890-891  (Abs.) 


•  C.  R.'  cxxvi.  997-1001 ; 
*J.  Chem.  Soc.'  Ixxiv. 
II.  493-494  (Abs.)  ; 
*  Science  Abstr.*  ii.  12. 

•  Oefvers.  af  K.  Vet.  Akad. 
Forh.'  Iv.  189-198  ;  »  Bei- 
blatter/ xxii.  900-901 
(Abs.) 


'  J.  Roy.  Micro.  Soc'  1898, 
273-281,  385-386;  *  Bei- 
blatter,' xxii.  769-770 
(Abs.) 


•Bull.  Soc.  Fran9.  Min.* 
xxi.  90-94  ;  *  Beiblatter/ 
xxiii.  32-33  (Abs.) 

•  Phil.  Mag.'  [5].  xlv.  325- 
339;  *  Beiblatter/  xxii. 
888-^89  (Abe.) 

«Proc.  Roy.  Soc'  Ixiii. 
847-356 ;  *  ScienceAbstr.' 
i.  691-692 ;  •  Beiblatter,' 
xxii.     855-856     (Abs.) ; 

•  Nature/ Iviii.  188  (Ats.) 

*  Proc.  Phys.  Soc'xvi.207- 
218;  *PhilMag.'[6]xlvi. 
207-216  ;  *  Nature,'  Iviii. 
119(Ab8.);  *Chem  News/ 
Ixxvii.  260  (Abs.) 

*  Sitzungsb.  Akad.  Berlin,' 
1898,  317-331. 

•  Zittingsversl.  d.  K.  Vet. 
Akad.  Amsterdam,'  vii. 
122-124;  'Beiblatter,' 
xxii.  890  (Abs.) 

•  Zittingsversl.  d.  K.  Vet. 
Akad.  Amsterdam,'  vii. 
113-122;  'Beiblatter/ 
xxiii.  49-51  (Abs.) 

*  Johns  Hopkins  Univ. 
Circ '  xvii.  65 ;  *  Naturw. 
Rundschau,'  xiii.  457  ; 
'  Beibiatter,'xxii.  770-771 
(Abs.) 

*Ann.  Phys.  u.  Chem.' 
[N.F.],     Ixy.      595-620; 

•  Science  Abstr.'  i.  690. 
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KfifORt— 1901. 


C.  L.  Poor  &  S.  A. 
Mitchell. 


L.  B.  Jewell 


J.  S.  Ames,  R.  F. 
Carhart,  and 
H.  M.  Reese. 

O.  M.  Corbino 


H.  Becquerel   and 
H.  Deslandres. 


B.  Aschkinass 
A.  Eonig 
A.  Righi 


E.  a  Ferry 


J.  A.  Reed     . 


J.  Stsch^layew 


F.  F.  Martens 


Phtsical  Rblations,  1896i 

The  Concave  Grating  for  Stellar 
Photography.    (June.) 


The  Structure  of  the  Shading  of 
the  H-  and  K-  and  some  other 
Lines  in  the  Spectrum  of  the  Sun 
and  Arc.    (June.) 

Some  Notes  on  the  Zeeman  Bfitect. 
(June.) 


A  propos  de  I'interpr^tation  du 
ph6nom^ne  de  Zeeman  donn^e 
par  M.  Comu.    (June.) 

Observations  nouvelles  sur  le  ph6- 
nomdnede Zeeman.  (Read July  4.) 


Ueber  die  Emission  des  Quanses  in 
dem  Spectralbereiche  seiner  metal- 
lischen  Absorption.  (Read  July  8.) 

Ueber  '  Blaublindheit.'  (Read 
July  8.) 

Di  un  nuovo  metodo  sperimentale 
per  lo  studio  deir  assorbimento 
della  luce  nel  campo  magnetico. 
I,    (Read  July  17.) 


Sur  I'abeorption  de  la  lumi^re  pro- 
duite  pcur  nn  corps  plac6  dans  un 
champ  mag^6tique.  (Read  July 
26.) 


On  the  Relation  between  Pressure, 
Current,  and  Luminosity  of  the 
Spectra  of  Pure  Gases  in  Vacuum 
Tubes.    (July.) 

Ueber  den  Binfluss  derTemperatur 
auf  die  Brechung  ond  Dispersion 
einiger  Krystalle  und  Gl&ser. 
(July.) 

Nachtrag  zu  der  Abhandlung 
*  Ueber  das  Breohungsvermogen 
des  mit  FKissigkeiten  getrftnkten 
Hydrophans.'    (July.) 

Streifen  gleicher  Helligkeit  beim 
Durchgang  des  Lichtes  durch 
zwei  grob  getheilte  Gitter.  (Aug.) 


*  Johns  Hopkins  ttniv. 
Circ.'  cxxxv.  61-62 ; 
•Astrophys.  J.' vii.  157- 
162;  •Nature,*  Ivii.  620 
(Abs.) 

*  Johns  Hopkins  Univ. 
Circ.*  xvii.  62. 


<  Astrophys.  J.*  viii.  48-50 ; 

*  Johns  Hopkins  ITniv. 
Circ.'xvii.53;  'Beiblatter/ 
xxii.  892  (Abs.) 

*  L*Eclairage  ^lectrique,' 
XV.  648-660;  'BelbUltter/ 
xxii.  891  (Abs.) 

•C.  R.'  cxxvii.  18-24; 
« Beiblatter,*xxii.  891-892 
(Abs.);  'Nature,'  Iviii. 
264  (Abs.);  'Science 
Abstr.*  ii.  12-13. 

•  Verb.  phys.  Ges.  Berlin,' 
xvii.l01-106;*Beibiatter,' 
xxiu.  357.^68  (Abs.) 

*  Sitzungsb.  Akad.  Berlin,' 
1898,  718-781 ;  •  Bei- 
blatter,'  xxii.  576  (Abs.) 

*Rend.  R.  Accad.  d. 
Llncei'  [6],  vli.  IL  41- 
46 ;  « n  Nuovo  Cimento,' 
[41,  viii.  102-109;  *Bei- 
blfttter,'  xxiii.  300-802 
(Abs.);  'Science  Abstr.' 
ii.  661. 

•C.  R.'  cxxvii.  216-219; 
'  Sitzungsb.  Akad.  Berlin/ 
xxviii.  600-604;  'Bei- 
bmtter,'  xxiU.  800-302 
(Abs.);*  Nature,' lix.  263 
(Abs.) 

•  Phys.  Review,'  vii.  1-9 ; 
'Science  Abstr.'  ii.  15; 
'  Nature,' IvUi.  463  (Abs.) 

'Ann.  Phys.  u.  Chezn.' 
[N.F.],    Ixv.     707-744; 

*  Science  Abstr.'  i.  690. 


'Ann.    Phys.   u. 
[N.F.].lxv.746. 


Chem/ 


*  Zeitschr.f.  Jnstmmenten* 
kunde '  ('  Beiblfttter'), 
1898,  121;  'Science 
Abstr.'  ii.  163-164. 
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T.  E.  Doubt  . 


D.    MacaluBo   and 
O.  M.  Corbino. 


8.  P.  Thompson 


D.  Macalnso    and 
O.  M.  Corbino    . 


W.  Voigt 


H.  Beoqnerel . 


R.  W.  Wood  . 


C.  Pulfrich    . 


J.  Hartmann  , 


W.  Voigt       . 


A.  Cotton 


H.  Becquerel . 


1901. 


Physical  Relations,  1898. 
Colour  Measurement.    (Aug.) 


Sopra  una  nuova  azione  che  la  luce 
subisoe  attraversando  alcuni  vapori 
metallid  in  un  campo  magnetioo. 
(Read  Sept.  22.) 


On  the  Discovery  by  Righi  of  the 
Absorption  of  light  in  a  Magnetic 
Field.    (Sept.) 

Sur  une  nouvelle  action  subie  par 
la  lumi^re  traversant  oertaines 
vapeurs  m^talliques  dans  un 
champ  magn6tique.  (Read  Oct. 
80.) 

Ueber  d.  Zusammenhang  zwischen 
dem  Zeeman*schen  und  dem 
Faraday 'schen  Phanomen.  (Read 
Oct.  29.) 

Remarques  sur  la  polarisation  ro- 
tatoire  magn^tique  et  la  disper- 
sion anomale  ^  Toccasion  d'nne 
experience  nouvelle  de  MM. 
Macaluso  el  0.  M.  Corbino.  (Read 
Oct.  31.) 

On  the  anomalous  Dispersion  of 
Cyanin.    (Oct.) 


Ueber  die  Anwendbarkeit  der 
Methode  der  Totalretlexion  auf 
kleine  und  mangelbafto  Krystal- 
flachen.     (Oct.) 

Ueber  die  Scale  des  Kirchhoff- 
*8chen  Sonnenspectrum.  (Read 
Nov.  17.) 

Doppelbrechung  von  im  Magnet- 
felde  befindlichem  Natrium- 
dampf  in  der  Richtung  normal  zu 
den  Kraftlinien.    (Read  Nov.  26.) 

Absorption  dans  un  champ  mag- 
n^iiqae.    (Read  Dec.  5.) 


Sur  la  dispersion  anomale  et  Ic 
pouvoir  rotatoire  magn^tique  de 
certaines  vapeurs  incandescentes. 
(Read  Dec.  6.) 


*  Phil.  Mag.'{5],xM.  216- 
222  ;  *  Science  Abslr.'  ii. 
93-94. 

•  Rend.  R.Accad.  d.  Linoei/ 
[5],  vii.  II.  292-301;  viii. 
I.  38-41 ;  '  II  Nuovo  Ci- 
mento'  [4],  viii.  267- 
259;  'Beibiatter/  xxiii. 
672-673  (Abs.) 

*Brit.  Assoc.  Rep.'  1898, 
789^790. 


•  C.  R.'  cxxvii.  648-561  ; 
*Beibiatter/  xxiii.  298- 
299  (Abs);  'Science 
Abstr.'  ii.  167-169  ;  *  Na- 
ture/1  viii.. 635  (Abs.) 

•Gott.  Nachr.*  1898,  iv. 
329-344 ;  *  Science  Abstr.* 
ii.  601-602. 


*C.  R.'  cxxvii.  647-651. 
•  Nature,'  lix.  47  (Abs.) 


♦Phil.Mag.'[5].xlvi.  380- 
386  ;  •  Science  Abstr.*  ii. 
279  (Abs.)  ;  *  Beibmtter,* 
xxiii.  983  (Abs.) 

*  Zeitschr.  f .  Krystallogr.' 
XXX.  568-686;  *Bei- 
blatter,'  xxiii.  364-356 
(Abs.) 

*  Sitzungsb.  Akad.  Berlin,' 
1898,742-766;  'Science 
Abstr.'  ii.  347. 

•Gott.  Nachr.'  1898.  iv. 
356-360; '  Science  Abetr.' 
ii.  602. 


•C.  R.'  cxxvii.    953-965; 

♦  Science  Abstr.'  ii.  164- 
1G5. 

•C.   R.'   cxxvii.   899-904; 

•  Beiblattf r,'  xxiii.  509 
(Abs.);  *  Nature,' lix.  167 
(Abs.);  'Science  Abstr.' 
ii.  169. 
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J.  Dewar 


W^.    Ramsay     and 
M.  W.  Travers    . 


E.    Hagen  and    H. 
Rubens 


A.  Right 

E.  S.  Ferry  . 
E.  van  Aubel . 

R.  Dongier  . 
I.  Kanonnlkof! 
E.  S.  King  . 
E.  Matthiessen 

A.  E.  Scbiotz 
E.  S.  Shepherd] 
E.  E.  Sundwik 


Phtsioal  Rblations,  1898, 

Application  of  Liquid  Hydrogen  to 
the  Production  of  High  Vacua, 
together  with  their  Spectroscopic 
Examination.    (Read  Dec.  15.) 


The  Preparation  and  some  of  the 
Properties  of  Pure  Argon.  (Read 
Dec.  15.) 


Ueber  das  Reflexionsvermogen  von 
Metallen.    (Read  Dec.  16.) 


Di  un  nuovo  metodo  sperimentale 
per  lo  studio  dell'  assorbimento 
della  luce  nel  campo  magnetico. 
IL  (Read  Dec.  18.) 

A  Photometric  Study  of  the  Spectra 
of  Mixtures  of  Gases  at  Low 
Pressures.    (Dec.) 

Action  de  magn^tisme  sur  les  spec- 
tres des  gaz. 


M6thode  de  contrule  de  I'orientation 
des  faces  polies  d'un  quartz  ^pais 
normal  ^  I'axe. 

Ueber  Lichtbrechungsvermogender 
Korper  in  flussigem  und  gasfdrmi- 
gem  Zustande. 

Conversion  of  Prismatic  into  Normal 
Spectra.  (Harvard  Astronomical 
Conference.) 

Ueber  den  Einfluss  des  Prozent- 
gehaltes  und  der  Temperatur  auf 
das  Brechungsvermogen  von  eini- 
gen  Zuckerloeungen.  (Inaug.  Diss. 
Rostock,  1898,  34  pp.) 

Ueber  das  Spectrum  der  Kathoden< 
strahlen  (*  Christiania     Vidensk. 
Selsk.  Forh.'  1898,  6  pp.) 

Photographic  plates  and  the  spec- 
trum. (*  Journ.  Camera  Club,'  xii. 
No.  150.) 

Ueber  die  Refraction  von  Losungen 
und  eine  einfache  Methode  den 
Gehalt  der  Losungen  vermittelst 
der  Refraction  zu  BeStimmen. 
(Chom.  Centr.  Halle,  xxrrix.  681- 
685.) 


*Pioc.  Roy.  Soc.'  hdv. 
231-238 ;  'Science  Abstr.* 
ii.  247  (Abs.);  'Nature.' 
lix.  280-281 ;  « Chem. 
News,*  Ixxix.  73-76 ; 
♦Chem.  Centr.*  1899,  I. 
819-820  (Abs.);  -J. 
Chem.  Soc*  Ixxri  II. 
741-742  (Abs.) 

*Proc.  Roy.  Soc.*  bdv. 
183-192;  'Nature,*  lix. 
308-309  (Abs.);  *Cbem. 
News,*  Ixxix.  37-39,  49- 
60;  *Chem.  Centralbl.* 
1899, 1.  469-470  (Abs.) 

*  Verh.  Deutsch.  phys. 
Gesellflch.*  xvii.  143-147 ; 
*  Science  Abstr.*  ii.  439- 
440. 

*  Rend.R.  Aocad.  d.  Lincei  * 
[5],vii.  II.  333-338;  *I1 
Nuovo  Cimento  *  [4],  ix. 
295-302 ;  •  Beiblatter,* 
xxiii.  670-671  (Abs.) 

*  Phys.  Review,*  vii.  296- 
306. 


'J.  de  Phys.*  [3]  vii.  408- 
409 ;  *Chem.  Centr.'  1898, 
II.  1160  (Abs.) ;  *  Science 
Abstr.*  ii.  170. 

•  J.  de  Phys.*  [3],  vii.  643- 
648;  'Science  Abstr.* ii. 
277. 

*  J.  Russ.  phya-chem.Qes.* 

XXX.   965-976;  «Chem. 
Centr.*  1899,  L  581  (Abs.) 

•Nature,*  lix.  330 (Abs.) 


•Beiblatter,*  xxu.  657-668 
(Abs.) 


•Beiblatter,*     xxiU.    [9], 
(title). 

•  Nature,*  lix.  83^4  (Aba.) 


'  Chem.  Centr.'  1898.  IL 
847  (Abs.) 
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Ueber  der  absolute  Bestimmnng 
der  WellenlUngen  einiger  Strahlen 
des  Sonnenspectrams.  (*  Roy.  Soo. 
Up8ala'[3](1898.) 

Sur  les  doublets  et  les  triplets  pro- 
duits  dans  le  spectre  par  des  forces 
magD6tiques  ezt^rieores. 


'  Beibiatter/xxiv.  472-478 
(Abs.) 


'Arch.    nSerland.'  [2],  i. 
383-392. 


A.Righi 


D.    Macaluso    and 
O.  M.  Corbino    . 


H.  Becquerel 


T.  Preston 


Sir  J.  Conroy 


H.  A.  Lorenta 


A.  Cotton      . 


6.    Johnstone 
Stoney. 

T.  Preston     . 


1899. 

Sur  Tabsorption  de  la .  lumi^re  par 
on  corps  plac6  dans  on  champ 
magn^tique.    (Read  Jan.  2.) 

Sulle  modificazloni  che  la  luce 
subisce  attraversando  alcuni  va- 
pori  metallici  in  un  campo  mag- 
netioo.    (Read  Jan.  8.) 

Snr  la  dispersion  anomale  de  la 
vapeur  de  sodium  incandescente, 
et  sur  quelques  cons^uences  de  ce 
ph6nomdne.    (Read  Jan.  16.) 


Radiating  Phenomena  in  a  Strong 
Magnetic  Field.  Part  II.  Magnetic 
Perturbations  of  the  Spectral  Lines. 
(Read  Jan.  18.) 

On  the  Refractive  Indices  and 
Densities  of  Normal  Solutions  and 
Semi-normal  Aqueous  Solutions 
of  Hydrogen  Chloride  and  the 
Chlorides  of  the  Alkalis.  (Read 
Jan.  19.) 

Trillingen  van  electrisch  geladen 
Stelsels  in  een  magnetisch  Veld. 
(Read  Jan.  26.) 

Birefringence  produite  par  le  champ 
magn6tique,  li6e  au  ph6nom6ne 
de  Zeeman.    (Read  Jan.  30.) 


Illusory  Resolution  of  the  Lines  of 
a  Spectrum.    (Jan.) 

Radiation  Phenomena  in  the  Mag- 
netic Field.    (Jan.) 


C.  E.  GuiUaume     .     L'6chelle  du  spectre.    (Jan.) 


C.  Fabry 
Perot. 


and   A.  ,  Th^orie  et  applications  d*une  nou- 

I  velle   m^thode   de    spectroscopic 

!  interf^rentielle.    (Jan.) 

A.  Schuster  and  G..  On  the  Constitution  of  the  Electric 

HemAaech.           i  Spark.    (Rcftid  Feb.  2.) 


•C.  R.'  cxxviii.  47-48; 
«Beibmtter/  zzUi.  510 
(Abs.);  *  Science  Abstr.', 
ii.  167. 

*  Rend.  R.Accad.  d.  Liocei* 
[5]  viii.I.38-41 ;  *  Science 
Abstr.»  ii  346. 

*  C.  R.*  cxxviii  145-151 ; 
*Beibiatter/  xxili.  352- 
353  (Abs.);  *J.  Chem. 
Soc.'  Ixxvi  II.  266 
(Abs.)  ;  *  Science  Abstr.' 
ii.  442-443;  'Nature,* 
lix.  311(Ab8.) 

*  Trans.  Roy.  Soa  Dublin  * 
[2],vii.  7-22;  « Nature/ 
IviL  431  (Abs.) 

*  Proc.  Roy.  Soc.'lxiv.  308- 
318;  'Science  Abstr.' ii. 
506-506 ;  « J.  Chem.  Soc' 
Ixxvi.  n.  717  (Abs.) 


'  Zittingsversl.  d.  K.  Vet. 
Akad.  Amsterdam/  vii. 
320-340. 

•  C.  R.*  cxxviii.  294-297  ; 
*  Beibiatter/  xxiii.  509- 
610  (Abs.);  'Nature,' 
lix.  359  (Abs.);  'Science 
Abstr.'  ii.  220-221. 

•  Nature/  lix.  294-296.  • 

'Nature/ lix.  224-229. 

'  Rev.  g6n6rale  des 
Sciences/  x.  6-8  ;  *  Bei- 
blatter/  xxiv.  259  (Abs.) 

•  Ann.  Chim.  et  Phys/  [7], 
xvi.  115-144. 

'Phil.    Trans.'  cxciii.  A- 
189-213;      'Beibrntter/ 
xxiv.  652-654  (Abs.) 
N2 
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0.  Lommer  and 
PriDgsheim. 


S. 


P.     Macaluso    and 
O.  M.  Corbino. 


O.  M.  Corbino 


T.  Preston 


O.  M  Corbino 

Lord  Rayleigh 
D.  A.  Goldbammer 

T.  Preston 

A.  A.  Mlchelson     . 

A.  Rigbl 

F.  Paschen    . 

Lord  Rayleigh 
H.  C.  Lord     . 

Sir  J.  N.  Lockyer  . 


'  HT8ICAL  RbLATIONS,  1899. 

Die  yertheilnug  der  Snergie  im 
Spectrum  der  schwarzen  Korper. 
(Read  Feb.  3.) 

Solla  relazione  tra  il  fenomeno  di 
Zeeman  e  la  rotazione  magoetica 
anomala  del  piano  di  polariza- 
zione  della  laoe.    (Read  Feb.  5.) 


Sui  battimenti  laminosi  e  snir 
impossibility  di  prodorll  ricor- 
rendo  al  fenomeno  di  Zeeman. 
(Read  Feb.  19.) 

Magnetic  Perturbations  of  the 
SpectralLines.  Further  Resolution 
of  the  Quartet.    (Feb.) 

Radiation  Phenomena  in  the  Mag- 
netic Field.  Magnetic  Perturba- 
tions of  the  Spectral  Lines.  (  Feb.) 

Sulla  dipendenza  tra  il  fenomeno 
di  Zeeman  e  le  altre  modifica- 
zioni  che  la  luce  subisce  dui 
vapori  metallici  in  un  campo 
magnetico.    (Read  March  5.) 

Transparency  and  Opacity.  (Read 
March  24.) 

Das  Zeeman'sche  Phftnomen,  die 
magnetische  Circularpolarisation, 
und  die  magnetische  Doppelbre- 
chung.    (March.) 

Radiation  in  a  Magnetic  Field. 
(March.) 

Radiation  in  a  Magnetic  Field. 
(March.) 

Intomo  alia  questione  della  pro- 
duzione  di  un  campo  magnetico, 
per  opera  di  un  raggio  luminoso 
polarizzato  circolamente.  (Read 
April  9.) 

Ueber  die  Vertheilung  der  Energie 
im  Spectrum  des  schwarzen 
Eorpers  bei  niederen  Tempera- 
turen.    (Read  April  27.) 

The  Interferometer.    (April.) 

On  a  Graphic  Method  of  Comparing 
the  Relative  Efficiencies  of  Differ- 
ent Spectroscopes     (April.) 

A  Chapter  in  the  History  of  Spec* 
trum  Analysis.    (April.) 


«Verh.  Deutsch.  phys- 
Gesellsch/     i.     23-41  ; 

*  Science  Abstr.'  U.  664. 

<  Rend.  R.  Acoad.  d.  Lincei ' 
[6].viii.  I.  116-121;  •II 
Nuovo  Cimento'  r4],ix. 
384-389 ;  •  Beibktter,' 
xxiii.  673-674  (Abs.) 

'  Rend.  R.  Acoad.  d.  Lincei ' 
[5],   viii.    I.    171-175; 

*  Science  Abstr.*  ii.  346. 


*  Nature;  lix.  367. 


•Phil.Mag.'[5]xlvii.l66- 
178;  'Science  Abstr.'  ii. 
443-444. 

'  Rend  R.  Accad.  d.  Lincei' 
[6],  viii.  1. 260-^55. 


♦  Proc.  Roy.  Inst.'  xvi.  116- 
119;  ♦Nature;  Ix.  64-66 
(Abe.) 

*Ann.  Phys.  u.  Cliem.' 
[N.F.],  Ixvii.  696-701; 
<  Science  Abstr.'  ii.  278- 
279. 

♦  Nature/  lix.  485 ;  *  Bei- 
biatter/  xxiv.  836  (Abs.) 

♦Nature.'    lix.    440-441; 

*  Beibiatter/    xxiv.    835 
(Abs.) 

♦  Atti  B.  Acpad.  d.  Lincei ' 
[5],    viii.    L     326-326; 

•  Science  Abstr.'  U.  601, 


*  Sltzungsb.  Akad.  Berlin/ 
1899,  406-420;  *  Bei- 
blatter/  xxiv.  81-82 
(Abs.) ;  *  Science  Abstr/ 
ii.  604. 

♦Nature/  lix.  633;  'Bei- 
blatter/  xxiv.  836  (Abs.) 

♦Astropbys.  J/  ix.  191- 
202 ;  « Science  Abstr.'  ii. 
824;  *B6ibl&tter/  xxiii. 
776-777  (Abs.) 

♦  Nature/  lix.  636-639. 
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Lord  Bayleigh 


R.  W.  Wood  . 


L.  E.  Jewell  • 


A.  Cotton 


J.  W.  Brahl 


Sir  J.  N.  Lockyer  . 


T.  Preston 


A.  Rigbi 


H.  Wanner 


M.  Hamj 


Physical  Relations,  1899. 

Transmission  of  Light  throngh  an 
Atmosphere  containing  Small 
Particles  in  Suspension.    (April.) 

An  Application  of  the  Diffraction 
Grating  to  Ck>lonr  Photography. 
(April.) 

The  Wave-length  of  H^,  and  the 
Appearance  of  the  Solar  Spectrum 
near  the  Hydrogen  Lines.  (April.) 


The  Present  Status  of  Kirchhoff's 
Law.    (April.) 

Physikalische  Eigenschaf  ten  einiger 
Oampherarten    nnd    verwandter 
Korper. 

On  Spectrum  Series.    (Lecture  to 
Working  Men.    May  1.) 

Magnetic    Perturbations    of    the 
Spectral  Lines.    (Read  May  12.) 


Sail'  as^orbimento  della  luce  per 
parte  di  un  gaz  posto  nel  campo 
magnetico.    (Read  May  28.) 

Notiz  uber  die  Verbreiterung  der 
D  Linien.    (May.) 


Sur  la  determination  de  points  de 
rep^re  dans  le  spectre.  (Read 
June  5.) 


A.  Haller  and  P.  T.  |  Sur  les  refractions  mol6culaires,  la 
Muller.  i    dispersion  mol^culaire,  et  le  pou- 

voir  8p6cifique  des  combinaisons 
du  camphre  avec  quelques  alde- 
hydes aromatiques.  (Read  June  5. ) 


W.  de  W.  Abney 


C.  Bender 


W.  W.  Campbell 


The  Colour  Sensations  in  Terms  of 
Luminosity.    (Read  June  15.) 


Brechungsexponenten  reinenWas- 
sers  nnd  normalen  Salzlosungen. 
(June.) 


The  Influence  of  the  Purkinje 
Phenomenon  on  Observations  of 
Faint  Spectra.    (June.) 


»Phil.Mag.'[5]xlvii.375- 
384 ;  •  Science  Abstr.*  ii. 
731. 

•Phil.  Mag.'[6]xlvii.368- 
372. 


•Astrophys.  J.'  ix.  211- 
213;  'Science  Abstr.*  ii. 
833;  *Beibl&tter/  zxiii. 
780  (Abs.) 


*  Astrophys. 
268. 


J:  ix.  237- 


*Ber.'  xxxil:  1222-1236  J 
«Chem.  Centr.'  1899,  I. 
1265-1267  (Abs.) 

*  Nature/  Ix.  368-370, 892 . 
396. 

•  Proc.  Roy.  Inst.'  xvi.  151- 
163 ;  « Nature/  Ix.  176- 
180 ;  *  Science  Abstr.'  ii. 
662-663. 

*I1  Nuovo  Oimento'  [4], 
X.  20^42;  *Beiblatter/ 
xxiii.   666-670     (Abs.); 

*  Nature,'  Ix.  276  (Abe.) 

*Ann.  Physi  u.  Chem.' 
[N.F.],  Ixviii.    143-144; 

*  Science  Abstr.'  ii.  603- 
604. 

'C.R.'cxxviii.  1380-1382; 

*  Science  Abstr.'  ii.  727 
(Abs.);  *  Beiblalter/ xxiii. 
777-778  (Abs.) 

•C.R.'cxxviii.  1370-1 373; 

*  Chem.  Centr.'  1899,  II. 
116-117  (Abs.);  'Chem. 
News/  Ixxx.  11  (Abs.); 

*  Nature/  Ix.  167  (Abs.) ; 

*  J.  Chem.  Sdc'  Ixxvi.  II. 
622  (Abs.) 

♦  Phil.  Trans.'  cxciii.  269- 
287;  'Proc.  Roy.  Soc' 
282-283 (Abs.);  'Nature/ 
Ix.  237-238 ;  *  Science 
Abstr.'  iii.  303. 

*Ann.  Phys.  u.  Chem. 
[N.F.]  Ixviii.  343-349; 
» J.  Chem.  Sec'  Ixxvi.  II. 
621  (Abs.) ;  •  Science 
Abstr.'  ii.  659. 

♦Astrophys.  J.'  x.  22-24; 
•Beibiatter/  xxiu.  776 
(Abs.) 
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H.  M.  Reese 


F.  A.  Saunders 


J.    M.    Eder    and 
E.  Yalenta. 


J.  Wilsing      ♦ 

J.  C.  Sbedd    • 

W.  Sedgwick, 
W.  W.  RandaU 

W.  Konig      . 

J.  W.  Giflford. 
G.  J.  Bnrch    • 

T.  Preston     . 


Furst    B.    Galitzin 
and  J.  Wilip. 


O.N.  Rood    . 
B.  B.  Frost 


REPORT— 1901. 
Physical  Relations,  1899. 
Notes  on  the  Zeeman  Effect.  (Jane.) 


Notes  on  the  Energy  Spectnim  of  a 
Black  Body,  and  on  the  Absorp- 
tion of  Ice  in  the  Ultra-red. 
(Jane.) 

Normalspectren  einiger  Elemente 
zar  Wellenl&ngebestimmang  im 
aussersten  Ultraviolett.  (Bead 
Jaly  13.) 

Ueber  den  Einflass  des  Dmcks  aaf 
die  WellenllU)gen  der  Linien  des 
Wasserstoffsspectrams.  (Read 
Jaly  27.) 


An  Interferometer  Study  of  Radia- 
tion  in  a  Magnetic  Fidd.  I.,  II. 
(July.) 

Spectrum  Series.    (Aug.) 

On  the  Permeation  of  Hot  Plati- 
num by  Gases.    (Aug.) 


Dispersionsmessungen    am    Gyps. 
(Sept.) 


Temperature  and  the  Dispersion  in 
Quartz  and  Calcite.    (Sept.) 

On  the  Spectroscopical  Examina- 
tion of  Contrast  Phenomena. 
(Sept.) 


Preliminary  Report  of  the  Com- 
,  mittee  on  Radiation  from  a  Source 

of  Light    in  a   Magnetic   Field. 

(Sept.) 

Untersuchungen  Uber  das  Bre- 
chungsverhaltniss  des  Aethyl- 
flthers  in  der  Nllhe  des  kritischen 
Punktes.    (Read  Oct.  6.) 

Colour  Vision   and   the   Flicker 
Photometer.    (Oct.) 

On  Titanium  for  a  Comparison 
Spectrum.    (Oct.) 


*  Johns  Hopkins  Univ. 
Circ'  xTiii  69;  'PhU. 
Mag.' [5]  xlviil.  317-319, • 
•Beiblatter/  xxiv.  130- 
131  (Abs.) 

*  Johns  Hopkins  Univ. 
Circ.'  xviU.  58-59. 


*  Uenksohr.  Akad.  Wien ' 
Ixviii.  531-554;  *Bei. 
bl&tter,'  xxiv.  474-475 
(Abs.) 

*  Sitzungsb.  Akad.  Berlin,' 
1899,  760-752;  'Astro- 
phys.  J.'  X.  269-271; 
*  Beiblatter,'  xxiv.  475 
(Abs.) 

•Phys.  Review,'  ix.  1-19, 
86-115. 


*  Nature,' Ix.  412. 

*  Amer.  Chem.  J.'  xix.  682- 
691 ;  'Chem.  News,*lxxvi. 
168-170. 

•Ann.  Phys.  u.  Chem.' 
[N.F.].  Ixix.  1  -  11 ; 
*  Science  Abstr.'  ii.  819- 
820  (Abs.) 

*  Brit.  Assoc.  Report/ 1899, 
661-662 ;  *  Beibl&tter,' 
xxiv.  791  (Abs.) 

*  Brit.  Assoc.  Report,*  1899, 
624;  *  Electrician,'  xUii. 
811-812;  •Nature,'  Ix. 
686;  *  Beiblatter,'  xxiv. 
272  (Abs.) 

*  Brit.  Assoc.  Report,'  1899, 
63-64  ;  •  Nature,'  Ix.  686 
(Abs.) 


« Bull  Akad.  St.  Petersb.' 
[6],  xi.  117-196;  •Bei- 
blatter,'  xxiv.  448-450 
(Abs.);  •J.  Chem.  Soc.' 
Ixxviii.  II.  461-462  (Abs.) 

♦Amer.  J.  ScL'  [4],  viii. 
254-260;  'Nature,'  Ix. 
611  (Abs.) 

•Astrophys.  J.'  x.  207- 
208 ;  •  Science  Abstr.'  iii. 
20-21. 
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O.     Lnmmer    and 
E.  Pringsbeim. 


F.  Gand         • 
A.  Chilesotti  « 

Sir  J.  N.  Lockjer  . 
0.  Bender      « 

E.  B.  Fnwt    . 
T.  Preston     . 

F.  Paschen    • 


A.  Haller  and  P.  T. 
MOUer. 


A.  Bighi 


W.  H.  Perkin 


P.  Zeeman 


AWminer 


Phtsigal  Relations,  1899. 

I.  Die  Vertheilimg  der  Energie  im 
Spectrum  des  schwarzen  Korpers 
und  des  blanken  Platins.  II. 
Temperatnrbestimmnng  fester 
gluhenderKoiper.  (Bc»d  Nov.  3.) 

Sar  la  spectropbotometrie  des 
lami^res  61ectriques.  (Bead  Nov. 
13.) 

Sal  potere  rifrangente  di  alconi 
idrocarburi  a  nuclei  benzolici  con- 
densati.    (Bead  Nov.  19.) 


Preliminary  Table  of  Wave-lengtbs 
of  Enhanced  Lines.  (Bead  Nov.  23.) 


Brecbnngsezponenten  reinenWas- 
sers  and  normaler  Saklosangen. 
ILAbtb.    (Nov.) 

Corrections  to  Determinations  of 
absolute  Wave-lengtb.    (Nov.) 

Some  Bemarks  on  Badiation  Phe- 
nomena in  a  Magnetic  Field. 
(Nov.) 

Ueber  die  Vertbeilung  der  Energie 
im  Spectrum  des  scbwarzen 
Kdrpers  bei  hoheren  Tempera- 
turen.    (Bead  Dec.  7.) 

Sur  les  refractions  mol^culaires, 
la  dispersion  mol6culaire,  et  le 
pouvoir  rotatoire  sp6cifique  de 
quelqnes  alcoylcamphres.  (Bead 
Dec.  11.) 

Sul  fenomeno  di  Zeeman  nel  caso 
generale  d*an  raggio  laminoso 
comunque  inclinato  sulla  dire- 
zione  della  forza  magnetica. 
(Bead  Dec.  17.)  (Mem.  Accad. 
Bologna  [5],  viil.  263-294.) 

The  Befracti  ve  and  Magnetic  Bptary 
Power  of  some  Benzenoid  Hydro- 
"carbons.  The  Befractive  Power  of 
Mixtures.  An  Improved  Spectro- 
meter Scale-reader.  (BeadDec.21.) 

Waaniemingen  over  eene  asym- 
metrische  verandering  van  ijzer- 
lijnen  bij  straling  in  een  magnet- 
iscb  veld.    (Bead  Dec.  30.) 

Ueber  die  Spectra  der  Oanalstrahlen 
und  Cathodenstrahlen.    (Dec.) 


•  Verb.     Deutsch.     phys 
Gesellscb.*  [2],  215-235. 


*0.  B.*  cxxix.  759-760; 
*  Nature,'  Ixi.  95  -  96 
(Abs.);  'Science  Abstr.* 
iii.  15. 

*  Gazz.  chim.  Ital.'  xzx.  I. 
149-169 ;  *  II  Nuovo  Ci- 
mento'[4],  xii.  290-293 
(Abs.) ;  *  Belblatter/  xxv. 
283  (Abs.) 

*  Proc.  Boy.  Soc.*  Ixv.  452- 
461 ;    •  Beiblatter/  xxiv. 

262-263  (Abs.);  •Nature/ 
Ixi.  263  (Abs.) 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixix.  676-679; 
•Science  Absir.'  iii.  13 
(Abs.) 

•Astrophys.  J.*  x.  283- 
285 ;  *  Science  Abstr.*  iii. 
176. 

•Nature/ bd.  11-13. 


*  Sitznngsb.  Akad.  Berlin/ 
1899,  959-976. 


« C.  B/  cxxix.  1005-1008 ; 
•Chem.  Centr.*  1900,  I. 
297  (Abs.);  'Nature/ 
bd.  192  (Abs.) 

•II  Nuovo  Cimento/  xi. 
177-206  ;  •  Beiblattei/ 
xxiv.  541-544  (Abs.)  ; 
'  Science  Abstr.*  iii.  689. 


•J.-  Chem.  Soc/  Ixxvii. 
267-294  ;  ♦  Beiblatter,' 
xxiv.  929-930  (Abs.)  ; 
•Chem.  Centr.'  1900,  I. 
797-798  (Abs.) 

*  Zittingsversl.  B.  Akad. 
Amsterdam/  1899-1900, 
Deel  vlii.  328.-331 ;  •Bei- 
blatter/  xxiv.  835  (Abs.); 
•Nature/ Ixi.  408  (Abs.) 

•Phys.  Zeitschr.'  i.  132- 
134 ;  •  Beiblatter,*  xxiv. 
314-315  (Abs.) 
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Sir  W.deW.Abney 


E.  van  Aabel . 


W.  Hallwachs 
G.  A.  Hemsalech 


Physical  Relations,  1899,  1900. 

Ueber  die  ZerlegoDgdes  Spectrums 
des  electrischen  Lichtesin  Leach  t- 
kraftmengen  von  drei  Farben. 
(Jahrb.  f .  Photogr.  1899, 338-350.) 

Ueber  die  Brechongses^onenten 
der  Metalle. 


Refractive   Indices   of   Solutions. 
(Sitzungsb.  Isis.) 

Sur  le  spectre  des  d^charges  oscil- 
lantes. 


*  Zeitechr.  f.  physikal. 
Chem.'  xzz.  666-567 ; 
'Chem.  Centr.'  1900,  I. 
161  (Abs.);  *J.  Chem. 
Soc.*  IxxviU.  II.  125 
(Abs.) 

•Nature,'lx.328-329(Abs.) 

•J.dePhys.*[3],vHi.662- 
660;  'Nature,*  Ixi.  268- 
259  (Abs.) 


J.  J.  Manley  . 
H.  Rubens 

D.  P.  Brace    . 

E.  Aschkinass 


8.  Young:  and  E.  C. 
Fortey. 


C.    Fabry    and     A, 
Perot. 


A.    Perot    and    C. 
Fabry. 


M.  Hamy 


W.  Voigt 


E.  Hagen  and  H. 
Rubens. 

C.  Viola 


1900. 

An  Optical  Method  of  determining 
the  Density  of  Sea-water.  (Read 
Jan.  8.) 

Recherches  sur  le  spectre  infra- 
rouge.  La  resonance  61ectrique 
des  rayons  de  chaleur.    (Jan.) 

On  a  New  System  for  Spectral 
Photometric  Work.    (Jan.) 

Ueber  anomale  Dispersion  im  ultra- 
roten  Spectralgebiete.    (Jan.) 


Note  on  the  Refraction  and  Mag- 
netic Rotation  of  Hexamethylene, 
Ghlorohexamethylene,  and  Dichlo- 
rohexamethylene.  (Read  Feb.  13.) 

Nouvelle  source  de  la  lumifere 
pour  le  spectrom6trie  de  pre- 
cision.   (Read  Feb.  12.) 

Determination  de  nouveaux  points 
de  rep^re  dans  le  spectre.  (Read 
Feb.  19.) 

Sur  la  determination  de  points  de 
.rep^re    dans   le  spectre.     (Read 
Feb.  19.  March  12.) 


Ueber  eine  Dissymmetrie  der  Zee- 
man'schen  normalen  Triplets. 
(Feb.) 

Das  Reflexionsvermdgen  von  Me- 
tallen  und  belegten  Glasspiegeln. 
(Feb.) 

Ueber  die  Minima  der  lichtablen- 
kung  durch  Prismen  anisotroper 
Medien.    (March.) 


*Proc.  .Roy-»  Soc.  Edinb. 
xxiii.  35-43  ;  •  Nature,' 
Ixi.  286  (Abs.) 

<  Rev.  gen^rale  des 
Scienoes,'  xi.  7-18. 

•Astrophys.  J.'  xi.  6-24; 

•  Nature,'  Ixi.  521  (Abe.) 

*Ann.  der  Phys.*  [4],  i. 
42-68;  *Phys.  Zeitschr.' 
i.  63-64;  •  Science  Abstr.' 
iii.  237-288. 

•J.  Chem.  Soc.'  Ixxvli. 
372-374  ;  *  BeiblStter,' 
xxiv.  928-929  (Abs.) 

•C.  R.'  cxxx.  406-409; 
•Nature,' Ixi.  407  (Abs.) 

•C.    R.'    cxkx.    492-496; 

♦  Beiblatter,'  xxiv.  473- 
474  (Abs.);*  Nature.' Ixi. 
435  (Abs.) 

*  C.  R.'  cxxx.  489-492,  700l. 
701 ;  •  Nature,'  Ixi.  436 
(Abs.);  •  Science  Abstr.* 
iii.  377.  464;  •  Beiblfit- 
ter,'xxi7.    472  (Abs.) 

*Ann.  der  Phys.'  [4],  i. 
376-388. 

•Ann.  der  Phys.'  [4],  i. 
363-375  ;  •  Nature,'  Ixi. 
565  (Abs.) 

•Zeitschr.  f.  Kryst.  u. 
Min.'    xxxii.     646-660 ; 

*  Beiblatter,'  xxiv.  1292- 
1293  (Abs.) 
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S.  H.  J  Cunseos 


Lord  Blythswood 
and  B.  W.  Mar- 
chant. 


L.E.  Jewell  . 

D.  W.  Murphy 

T.  Preston     . 
A.  Righi 

K.  Goldstein  . 

W.  8.  Adams . 
C.  Bender 
A.  Laur . 
G.  J.  Burch    . 


A.  Partheil  and  J. 
von  Velsen. 

A.  Schmans    . 


V.  Schumann 

G.  Pellini  and  A. 
Menin. 


Physical  Rblations,  1900. 
Die  Bestimmong  des  Breohnngs- 
vermogen  als  Methode  fur  die 
Untersuchung  der  Zusammen- 
setzung  der  coexistirenden  Phasen 
bei  Mischnngen  von  Aceton  und 
AeUier.    (April.) 

The  Echelon  Spectroscope  and  its 
Application  to  investigate  the  Be- 
haviour of  the  Chief  Lines  of  the 
Mercury  Spectrum  under  the  Influ- 
ence of  a  Magnetic  Field.  (April.) 

The  Use  of  the  Lines  of  Titanium 
for  Comparison  Spectra  and  their 
Prominence  in  the  Chromosphere. 
(April.) 

A  Method  of  Determining  the 
Luminosity  Curve  of  the  Solar 
Spectrum.    (April.) 

The  Interferometer.    (April) 


Ueberdas  Zeeman'sche  Pb&nomen 
in  dem  allgemeinen  Falle  eines 
beliebig  gegen  die  Richtung  der 
magnetischen  Kraft  geneigten 
Licntstrahles.    (April.) 

Ueber  Spectra  von  Gasgemengen 
und  vonEntladungsh^en.  (Read 
May  11.) 

The  Curvature  of  the  Spectral  Lines 
in  the  Spectroheliograph.    (May.) 

Brechungsexponent^n  normaler 
Salzldsungen.    III.    (May.) 

Ueber  den  normalen  refractome- 
trischen  Werth  von  Butter.  (May.) 

On  the  Spectroscopic  Examination 
of  Colour  produced  by  Simultane- 
ous Contrast.    (Read  June  21.) 

Die  Grundlagen  der  refractome- 
trischen  Butteruntersuchung. 

(June.) 

Ueber  anomale  electromagnetische 
Rotationsdispersion.    (June.) 

The  Transparenoy  of  Thin  Films  of 
Glycerin.    (June.) 

Sul  potere  rifrangente  del  tellurio 
in  alcuni  suoi  compositl.  (Read 
July  30.) 


•Phys.  Zeitsobr.'  i.  316- 
317;  •  Science  Abstr.*  iii. 
730. 


«Phil.Mag.'[6],xUx.384- 
403;  '  Science  Abstr.' ill. 
375-376. 


•Astrophys.  J.'  xi.  248- 
244 ;  •  Science  Abstr.*  iiL 
691. 

'Astrophys.  J.*  xi.  220- 
226;  •Beibiatter/  xxiv. 
910-911  (Abs.) ;  *  Science 
Abstr.'  ili.  691. 

•Nature/  lix.  606;  'Bei- 
bl&tter/  xxiv.  886-836 
(Abs.) 

^Phys.  Zeitschr.'  1.  329- 
334. 


*  Verb.  Deutsch.  phys. 
Gesellsch.*  [2],  ii.  110- 
112;  *Beiblatter/  xxiv. 
1191-1193  (Abs.) 

•Astrophys.  J.*  xi.  309- 
311;  *  Bei\>latter/  xxiv. 
908  (Abs.) 

*  Ann.  der.  Phys.'  [4],  ii. 
186-196;  •J.Chem.Soc.' 
Ixxviii.  II.  461  (Abs.) 

*  Chem.  Zeitung/  xxiv. 
394-395;  •  J.  Chem.Soc' 
Ixxviii.  II.  034  (Abs.) 

*Proc.  Rov.  Soc'  Ixvii. 
224-228 ;  '*  Nature/  Ixii. 
615-616  (Abs.);  •  Science 
Abstr.'  iii.  181. 

•Arch.  Pharm.*  ccxxxviii. 
261-2t9 ;  *  Chem.  Centr.* 
1900,  IL  216-216  (Abs.) 

•Ann.  d.  Phys.*  [4],  ii. 
280-294;  'Nature/  Ixii. 
835  (Abs.) 

*  Chem.  News/  Ixxxi.  267- 
268. 

*Gazz.  chim.  Ital/  xxz. 
II.  465-476  ;  « J.  Chem. 
Soc.*  Ixxx.  II.  94  (Abs.) 
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G.  A.  Hemsalech    . 


E.  Hoppe 


C.   Range  and  F. 
Paschen. 


E.  Carvallo    • 

W.  Marshall  Watts 

N.  B.  Dorsey . 
S.  P.  Langley 
H.  M.  Reese  . 

C.  Riviere      . 


A.    Perot   and    C. 
Fabry. 

J.  Meyer 

O.  Lummer  and  E. 
Jahnke. 

S.  P.  Langley 


H.  B.  Dixon  • 
R.  W.  Wood  . 


Physical  Relations,  1900. 

Sar   les    spectres    des    d^charges 
oscillantes.    (Aag.) 


Spectroscopische     Beobachtnngen 
am  Wehneltnnterbrecher.  (Aug.; 


Stadium   des   Zeemaneffeotes  im 
Qaecksilberspectrom.    (Aag.) 


Sor  la  dispersion  ezceptionnelle  da 
spath  dlslande. 


On  Wave-length  Tables  of  the 
Spectra  of  the  Elements  and  Com- 
pounds [containing  Index  toTables 
in  the  Reports  from  1884  to  1900.] 

Prism  and  Grating  Spectroscopes. 
(Sept.) 

On  the  Infra-red  of  the  Solar  Spec- 
tram.    (Sept.) 

An  Investigation  of  the  Zeeman 
Effect  with  Reference  to  Zinc,  Cad- 
mium, Magnesium,  Iron,  Nickel, 
Titanium,  Carbon,  Calcium,  Alu- 
minium, Silicon,  Mercury,  &c. 
(Sept.) 

Indice  de  refraction  et  dispersion 
du  brome.    (Read  Oct.  22.) 


M6thode  interf6rentielle  pour  la 
mesnre  des  longueurs  d'onde  dans 
le  spectre  solaire.    (Read  Oct.  29.) 

Die  Photographic  der  ultraroten 
Strahlen.    (Oct.) 

Ueber  die  Spectralgleichung  des 
schwarzen  Eorpers  und  des 
blanken  Platins.    I.    (Oct.) 

Sur  les  derniers  r^snltats  obtenus 
dans  r^tude  de  la  partie  infra- 
rouge  du  spectre  solaire.  (Read 
Nov.  5.) 

Reversal  of  Lines  of  the  Spectrum 
of  an  Explosion  Wave.  (Read 
Nov.  18.) 

The  Anomalous  Dispersion  of  Car- 
bon.   (Read  Nov.  23.) 


•J.  dePhys.'ix.  437-444; 

♦  Beiblatter,*  xxiv.  1283- 
1284  (Abs.) 

*  El«ctrotechn.  Zeitschr. 
xxl.  607-608;  'Beiblatter, 
xxlv.  1026-1027  (Abs.) 

*Phy8.  Zeitschr.'  i.  480- 
481 ;  «  Beibiatter,*  xxiv. 
1329-1330  (Abe.); 

*  Science  Abstr.'  iii.  949- 
960. 

'J.  de  Phys.'  [3],  466- 
479;  *  Science  Abstr.' iv. 
17-18. 

*  Brit.A8soa  Report/ 1900, 
193-297. 


•Astrophys.  J.'  xii  164- 
165 ;  *  Science  Abstr.*  iv. 
26-26. 

•  Brit.  Assoc.  Report,*  1900, 
669 (title only);  'Nature,' 
Ixii  662  (Abs.) 

'Astrophys.  J.'  xii.  120- 
136;  •Beibiatter,*  xxiv. 
1329  (Abs.) 


*C.  R.*   cxxxi    671-672; 

*  Beiblatter,*  xxiv.  1275 
(Abs.);  'J.  Chem.  Soc.' 
Ixxx.  II.  1  (Abs.) 

•C.  R.*  cxxxi.  700-702 

*  Beibiatter/  xxiv.  1291- 
1292  (Abs.) 

*Phys.  Zeitschr.'  ii.  67 

*  Science  Abstr.'  iv.  24. 

•Ann.  der  Phys.'  [4],  U. 
283-297. 

*C.   R.'    cxxxi.    784-736; 

*  Nature,'  hdii.  76  (Abs.) ; 

*  Science  Abstr.'  iv.  24- 
26. 

'Mem.  and  Proc.  Man- 
chester Phil.  Soa'  1900- 
1901,  4-6. 

•Proc.  Phys.  Soc.'  xvii. 
661-663;  'Nature,' IxiU. 
122  (Abs.);  <Chem. 
News,'  Ixxxii.  267  (Abs.) 
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Phtsioal  Relations,  ISOO.^Fluobbsgsnob,  1899, 1900. 


G.J.  W.Bremer   . 
C.  E.  McClong 

C.  E.  Magnusson  • 

e:  a.  Partridge     • 
W.  Ramsay    •        • 

H.  M.  Reese  • 

P.  Riegler      • 

J.  R.  Bydberg 

E.  Stockl 


R.   W.  Wood  and 
C.  E.  MagDosson 

P.  Zeeman     • 


Indices  de  refraction  de  solutions 
da  chlorore  da  oaloium. 

Refractive  Index  and  Alcohol-sol- 
Tent  Powers  of  a  Namber  of  Clear- 
ing and  Moanting  Media.  ('ELansas 
Univ.  Qoarterly/  vii.  No.  4.) 

TheAbnormal  Dispersion  of  Cjanin. 
(•Bull. Univ.  Wisconsin/  ii.  247- 
296.) 

Series  in  Spectra  (*J.  Franklin 
Inst/  cxlix.  193-206.) 

Notes  on  the  Refractivities  of  the 
Inactive  Gases. 

The  Zeeman  Phenomenon.  Q  Elec- 
trical World  and  Engineer/  zxzvi. 
248-249.) 

The  Refractometry  of  Mineral 
Waters.  (♦Buletinul  Societatiide 
le  Sciinte  d.  Bacaresci,  Romania,' 
ix.  251.) 

Distribution  of  Spectrum  Lines. 
(•Report  of  the  International 
Physical  Congress  at  Paris/  ii 
141-174.) 

Messongen  iiber  die  Dispersion  and 
Absorption  von  Losungen  anomal 
brechender  Substanzen  bis  zu 
grossen  Verdiinnungen.  (*  Inaug. 
Dissert.  Munchen/  1900,  34  pp.) 

The  Anomalous  Dispersion  of 
Cyanin. 

Weiteres  zur  unsymmetrischcn 
Aenderung  der  Spectrallinicn  in 
einem  Magnetfelde. 


•Arch.  n6erland/  [2],  v. 
202-218;  *J.Chem.8oc/ 
bun.  II.  141  (Abs.) 

•  Chem.  News,'  Ixxxii.  88 
(Abs.) 


•  BeiblStter/  xxv.  36 
(Abs.);  •Nature/  Ixili. 
210  (Abs.) 

•  Science  Abstr/  iii.  465. 

•Arch.  n6erland.*  [2],  v. 
366-359 ;  •  J.  Chem.  fiioc.' 
Ixxx.  II.  141  (Abs.) 

•  Science  Abstr/  iii.  853. 


•  Chem.  News/  Izzxii.  78. 


•Beibl&tter/    xxiv.  1276. 
(Abs.) 


•Proc.    Phys.    Soc/   xvii. 
642-652. 

•Arch.  n6erland/    [2],  v. 
237-241. 


Sh:  W.  Oookes 


F.  E.  Kester . 


P.  Lewis 


V. 

FLUORESCENCE. 

1899. 

Photographic  Researches  on  Phos- 
phorescent Spectra.  On  Victorium, 
a  New  Element  Associated  with 
Yttrium.    (Read  May  4.) 


A  Method  for  the  Study  of  Phos- 
phorescent Sulphides. 


1900. 

Ueber  Fluorescenz  und  Nachleucht- 
en  bei  der  electrischen  Entladuog 
in  Stickstoff.    (July.) 


•Proc.  Roy.  Soc/lxv.  237- 
243;  •Nature/  be.  317- 
319 ;  •  Chem.  News/ Ixxx. 
49-51;  •J.  Chem.  Soc/ 
Ixxvi.  IL  751  (Abs.); 
•  Science  Abstr/ ii.  767. 

•Phys.  Rev/  ix.  164^175; 
•Beiblatter/  xxiii.  988- 
989  (Abe.) 


•Ann.  der  Phys/  [4],  1. 
469-468;  'Nature/  bdi. 
381  (Abs.) 


Digitized  by 


Google 


188 


REPORT — 1901. 


VI. 

ASTRONOMICAL  APPLICATIONS. 
1882. 

8.  J.  Perry     .        .  I  The  Solar  Eclipse,  1882,  May  16.  i  *  Monthly  Not.  R.  A.  S. 
I    (Jane.)  |    xlU.  408-410. 

1886. 
„  .  I  The  chromosphere  in  1884     (Feb.)  |  •  Obeenratory,'  viii.  63. 


8    J.    Perry    and 
A.  L.  Cortie 


1889. 

Comparison  of  the  Spectmm,  be- 
tween C  and  D,  of  a  San-spot 
observed  1884,  May  27,  with 
another  of  1889,  May  7.  (Jane.) 


•Monthly  Not.  R.  A.  S.' 
xlix.  410-411B. 


A.  L.  Cortie 


1890. 

Observation  of  the  Spectra  of  Son- 
spots,  in  the  region  B-D,  made  at 
Stonyharst  College  Observatory, 
1882-1889.    (Read  Dec.  12.) 


» Monthly  Not.  R.  A.  S. 
li.  76-78,     • 


J.  N.  Lockyer 

W.  Sidgreaves 
A.  L.  Cortie  . 

W.  Sidgreaves 

A.  L.  Cortie   . 

»»  • 

W.  Sidgreaves 


A.  L.  Cortie 


1891. 

On  the  Causes  which  produce  the 
Phenomena  of  New  Stars.  (Read 
April  16.) 

1892. 

The  bright  Solar  Prominence  of 
1891,  Sept.  10.    (Jan.) 

The  large  San-spot  Group  of  Aug, 
28-Oct.  4,  1891.    (Feb.) 

The  Spectrum  of  Nova  Aurigss. 
(Read  May  13.) 

Some  Recent  Studies  in  the  Solar 
Spectrum.    (May.) 

Notes  on  the  Spectra  of  Sun-spots. 
(Aug.) 

Nova  Aurigae  (Aug.) 

Report  of  the  Solar  Spectroscopic 
Section  of  the  British  Astronomi- 
cal Association.    (Read  Oct.  26.) 

The  Nova  of  1892.     (Oct.) 


1893. 

Errata  to  •  Note  on  the  Revival  of 
Nova  Aurigss '  in  *  Astron.  and 
Astrophys.'  zi.  883  (note).  (July.) 

The  Temporary  Star  in  Auriga. 
(Juna) 


•  Phil.  Trans.'  clzzxii.  A. 
397-448;  •Beiblatter/ 
xvil.  1067-1068  (Abe.) 


•Astron.  and  Astrophys.* 
a.  66-67. 

•Observatory,*  xiv.  363- 
366;  *  Astron.  and  Astro- 
phys.'xi.  130-133. 

•Mem.  R.    Astr.  Soc. 
29-43. 

*  Astron.  and  Astrophys.' 
xi.  393-407. 

•Astron.  and  Astrophys.' 
xi.  587-693. 

•Astron.  and  Astrophys.' 
xi.  604-607. 

•Jour.  Brit. Astron.  Assoc.' 
iiL  31-35. 


•  Jour.  Brit.  Astron. 
Assoc.*  iii.  22-24;  •Obser- 
vatory,* XV.  361-865. 


•Astron.   and  Astrophys.' 
xU.  560. 


•Astron.  and  Astrophys.' 
xU.  521-589. 
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AaTBONOMIOAL  APPLIOATIOMS,  1893,  1894,  1896,  1897,  1898. 


W.  Sidgreaves 


F.  McClean   . 

W.  Sidgreaves 

A.  Belopolsky 

0.  G.  Abbott . 
H.  Deslandres 
A.  C.  Maury  . 

A.  J.  Cannon . 

E.  C.  Pickering 

F.  McClean    . 


H.  Deslandres 


The  Variable  Spectrum  of  0  Lyrvb 
in  the  region  F — h.    (Deo.) 

The  Physical  Constitution  of  the 
Sun.    (Nov.) 

1894. 

Notes    on  Solar  Observations   at 
Stonyhurst  College  Observatory. 
I    (Nov.) 

1896. 

Stellar  Spectrum  Photography  at 
Stonyhurst.    (Lecture  Jan.  15.) 

1897. 

Comparative  Photographic  Spectra 
of  Stars  to  the  3^  Magnitude. 
(Read  April  8.) 

The  Spectrum  of  0  LyrsB  as  observed 
at  Stonyhurst  College  Observatory 
in  1896.    (May.) 

New  Researches  into  the  Spectra 
of  jB  Lyne  and  i)  Aquilas  (in  Rus- 
sian).   (Nov.) 

Report  of  the  Work  of  the  Astro- 
physical  Observatory  for  the  year 
ending  June  30,  1897. 

Observation  de  T^clipse  du  soleil 
du  16  Avril,  1893. 


Spectra  of  Bright  Stars. 


1898. 

A  Variable  Bright  Hydrogen  Line. 
(Jan.) 

A  New  Spectroscopic  Binary.  (Jan.) 


Comparison  of  Oxygen  with  the 
Extra  Lines  in  the  Spectra  of  the 
Helium  Stars  jB  Crucis,  kc  Also 
Summary  of  the  Spectra  of  South- 
em  Stars  to  the  3^  Magnitude,  and 
their  Distribution.  (Read  Feb.  3.) 

The  Total  Eclipse  of  the  Sun. 

Nonvelle  86rie  de  photographies  de 
la  chromosphere  enti^re  du  soleil. 
CBead  Maroh  21.) 


*  Month.  Not.  R.  A.  S.'  liv. 
94-99. 

'Astron.  and  Astropbys.* 
xii.  826-834. 


*  Month.  Not.  R.  A.  S.*  Iv. 
6-12. 


*  Jour.  Brit.  Astr.  Assoc' 
vi.  196-197  (Abs.) 


•  Phil.  Trans.'cxci.  A.  127- 
138  ;  •  Science  Abstr.*  ii. 
435-436  (Abs.) 

•Month.  Not.  R.A.S.'lvii. 
616-531. 


♦Bull.  Acad.  St.  Peters- 
burg'[5],  vii.  366-374; 

*  Nature,'  Ixii.  70  (Abs.) 

'Smithsonian  Inst.  Rep.* 
1897,  66-68. 

*Ann.  du  Bureau  des 
Longitudes,'  1897,  c.  1- 
74. 

*  Annals  of  Harvard  Coll. 
Obs.*  1897,  xxviii.  L  ; 
♦Nature,*  Ivi.    ?06_208; 

*  Naturw.      Rundschau, 
xU.  681-683. 


♦Harvard  Coll.  Obs.  Oirc.'* 
No.  21;  ♦  Nature,*  Ivii. 
284  (Abs.) 

♦  Harvard  Coll.  Obs.  Circ* 
No.  21;  'Nature,*  Ivii. 
284  (Abs.) 

♦  Proc.  Roy.  Soc.'  bdi.  417- 
423;  ♦  Astropbys.  J.*  vii. 
367-372;  'Nature,*  Mi 
406  (Abs);  ♦Science 
Abstn*  i.  636^36. 

« Nature,*  Ivii.  266-267. 

♦C.  R.'  cxxvi.  879-882; 
♦  Science  AbSstr.'  i.  470- 
471. 
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Sir  J.  N.  Lockyer 


J.  Scheiner    • 

W.  Sidgreaves 

A.  L.  Cortie  , 
R.  Copeland  . 


E.  H.  Hills  and  H. 
F.  Newall 


A.  L.  Cortie  • 
W.  H.  S.  Monck 
E.  C.  Pickering 

C.  Runge 


C.  L.  Poor  and  S. 
A.  Mitchell 

A.  J.  Cannon .        • 


L.  E.  Jewell  . 
J.  R  Rydbcrg 
A.  Belopolsky 

J.  E.  Keeler  . 


ASTBONOMIOAL  APPLICATIONS,   1898< 

Total  Eclipse  of  the  Sun,  January 
22,  1898.  Preliminary  Account 
of  the  Observations  made  by  the 
Eclipse  Expedition  and  the 
Officers  and  Men  of  H.M.S. 
*  Melpomene,' at  Yiziadmg.  (Read 
March  28.) 


On  the  Spectrmn  of  Hydrogen  in  the 
Nebulae.    (April) 


The  Spectrum  of  o  Ceti  as  photo- 
graphed at  Stonyhurst  College 
Observatory.    (April.) 

On  the  Level  of  Sun-spots  and  the 
Cause  of  their  Darkness.  (April.) 

Total  Solar  Eclipse  of  January  22, 
1898.  Preliminary  Report  on 
Observations  made  at  Ghoglee, 
Central  Provinces.  (Read  May 
10.) 

Total  Solar  Eclipse  of  1898,  Jan- 
uary 22.  Preliminary  Report  on 
the  Observations  made  at  Pulgaon, 
India.    (Read  May  26.) 

Vanadium  in  the  Spectrum  (C — D) 
of  Sun-spots.    (May.) 

The  Spectra  and  Proper  Motions  of 
Stars.    (June.) 

Stars  having  Peculiar  Spectra. 
(June.) 

On  the  Relative  Intensities  of  the 
Lines  in  the  Spectrum  of  the 
Orion  Nebula.    (June.) 

The  Concave  Grating  for  Stellar 
Photography.    (June.) 

Additional  Hydrogen  Lines  in  Stars 
resembling  (  Pnppis.    (June.) 

The  Concave  Grating  for  Stellar 
Photography.    (June.) 

Metargon  and  the  Interplanetary 
Medium.    (July.) 

Ueber  ein  Versuch  die  Geschwin- 
digheit  im  Visionsradins  der  Com- 
ponenten  von  y  Viiginis  und 
7  Leonis  za  bestimmen.    (Aug.) 

The  Hydrogen  Atmosphere  sur- 
rounding the  Wolf-Rayet  Star 
D.M.  +  S0<»-3639.    (Aug.) 


•  Proc.  Roy.  Soc.'  Ixiv.  27- 
42. 


*Astrophy8.  J.*  vii.  231- 
238;  'Beiblatter/  xxii. 
841  (Abs.) ;  « Science 
Abstr.'  i.  583  ;  « Nature.' 
Ivui.  41  (Abs.) 


•Month.  Not.    R. 
Iviii.  344-853. 


A.    S.' 


'Astrophys.  J.*  vii.   239- 
218. 

•  Proc.  Roy.  Soc.'  Ixiv.  21- 
26. 


•Proc.  Roy.  Soc.*  Ixiv.  43- 
61. 


•Month.  Not  R.  A.  S.' 
Iviii  370-373. 

*  Astrophyg.  J.*  viii.  28-31. 

*  Harvard  Coll.  Obe.  Circ* 
No.  82;  'Nature,*  Iviii. 
268  (Abs.) 

•Astrophys.  J.*  viii.  32- 
36;  *Beiblatter,*  xxiii. 
362-363  (Abs.) 

*Astrophys  J.*  viii.  167- 
162 ;  •  Science  Abetr.'  L 
316. 

•Harvard  Coll.  Obs.  Circ* 
No.  32;  'Nature/  Iviii. 
258  (Abs.) 

*  Johns  Hopkins  Univ. 
Cira*  xvii.  61-62. 

•Nature,*  Iviii.  319;  'Bei- 
blatter,*  xxiii.  396  (Abs.) 

*  Astr.  Nach.'cL  (No.  3510). 
90-94;  'Nature,*  Mil. 
400-401  (Abs.) 

•Astropbys.  J.*  viii.  113- 
114;  -Nature/  Iviii.  463 
(Abfe.) 
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H.  C.  Lord     .       . 

E.  D.  Nargamvala 

»f  • 

H.  Deslandres 

Sir  J.  N.  Lockyer  . 

W.  W.  Campbell    . 

A.  C.  Maury  . 
H.  C.  Vogel 


Sir  J.  N.  Lockyer 
Mrs.  Fleming 

19 

G.  E.  Hale     . 
W.  W.  Campbell 
H.  Deslandres 


W,W.CampbeU 


•        • 


ASTBONOMIOAL  APPLIOATIONS,  1898, 

Some  Observationi  on  Stellar  Mo- 
tions in  the  Line  of  Sight  made  at 
the  Emerson  McMiuSi  Observa- 
tory.   (Ang.) 

Photograph  of  the  Spectrum  of  the 
*  Flash'  at  the  Eclipse  of  Jan.  21 » 
1898.    (Aug.) 

The  Nebula  of  Andromeda.  (Sept.) 

Fhotographie  de  la  vitesse  radiale 
des  ^toiles.    (Sept.) 

The  Chemistry  of  the  Stars.  (In- 
augural Address,  Birmingham 
and  Midland  Institute.    Oct.  26.) 

Some  Stars  with  Great  Velocities  in 
the  Line  of  Sight.  The  Variable 
Velocity  of  i|  Pegasi  in  the  Line  of 
Sight    (Oct.) 

The  K-lines  of  0  Aurigae.    (Oct.) 


Ueber  das  Spectrum  Ton  a  Aquilae, 
und  iiber  die  Bew^ong  des 
Stemes  im  Visionsradius.  (Read 
Nov.  17.) 


Preliminary  Note  on  the  Spectrum 
of  the  Corona.    (Read  Nov.  24.) 


Stars    of    the  Vth  Type  in  the 
Magellanic  Clouds.    (Nov.) 

Classification  of  Spectra  of  Variable 
Stars  of  Long  Period.    (Nov.) 

On  the  Spectra  of  Stars  of  Secchi's 
I     Fourth  Type.    (Nov.) 

I  The  Variable  Velocities  of  o  Leonis 
'  and  of  X  Draconis  in  the  Line  of 
'     Sight.    (Dec.) 

I  llemarques  sur  les  m^thodes  em- 
1  ploy^es  dans  la  recherche  des 
'    vitessesradialesdesastres.  (Dec.) 

;  Sauerstoff  auf  der  Sonne.  Zu- 
I  sammenfassung  der  Resultate 
*  von  Runge  und  Paschen,  Janssen, 
I  Dun^,  Schuster,  und  Jewell. 
,     (*  Himmel  und  Erde,*  x.  425.) 

1899. 
T-he  Variable   Radial  Velocity  of 
C  Geminorum  in  the  Line  of  Sight. 
(Jah.) 


1899. 

« Astrophys.  J.'  vili.  65-69  ; 

*  Beiblatter,*  xxiii.  180 
(Abs.) 

•Astrophys.  J.'  viii.  120- 
121;  » Nature,'  Iviii.  626 
(Abe.) 

•Nature,Mviii.  616. 

*Bull.  Soc.  Astron.  de 
France,*    xii.     887-390 ; 

•  Nature,*  Iviu.  490  (Abs.) 

•  Nature,'      lix.      32-36 ; 

*  Chem.  News/  Ixxviii. 
233-235  (Abs.) 

•  Astrophys.  J.*  viU.  157- 
160 ;  •  Beibliltter,'  xxxiii. 

180  (Abs.) ;  •  Nature,*  lix, 
43  (Abs.) 

•Astrophys.'  J.'  viii.  173^ 
175;  •  Beiblfttter,*  xxiii. 

181  (Abs.) 

•  Sitzung8b.*Akad.  Berlin.' 
1898,  721-734 ;  •  Bei- 
blatter,*xxiii.  181(Abs.); 
'  Astrophys.  J.*  ix.  1-16 ; 

•  Science  Abstr.'  ii.  436- 
437. 

•  Proc.  Roy.  Soc.'lxiv.  168- 
170 ;  •  Nature.*  lix.  279- 
280;  'J.  Chem.  Soc.' 
Ixxvi.  II.  717-718  (Abs.) 

•Astrophys.  J.*  viii.  232; 

♦  Nature,'  lix.  330  (Abs.) 

« Astrophys.  J.'  viii.  233  ; 

♦  Nature.*  lix.  330  (Abs.) 

•  Astrophys.  J.*  viii.  237- 
238;  *  Nature,*  lix.  330 
(Abs.)       ^ 

•Astrophys.  J.'  viii.  291- 
292;  •  Belbiatter,'  xxiii. 
362  (Abs.) 

•  Astr.  Nachr.*  cxlviii.  23- 
28;  •Astrophys.  J.* is 
167-172;  •Science  Abslr. 
ii.  728. 

•  Beibiatter.*  xxii.  561-562 
(Abs.) 


•Astrophys.    J.'   ix.    86; 
•  Nature,' Ix.  114  (Abs.) 
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Astronomical  Applications,  1899. 


J.  E.  Eeeler 


Sir  J.  N.  Lockyer 


A.MiiUe 
A.  Coma 

H.  C.  Don^  • 

a.  E.  Hale     • 

Mrs.  Fleming 

Sir  J.  N.  Lockyer 
f»  >» 

If  »i 

D.Qill  .        . 

Q.  E.  Hale     . 

G.  E.  Hale     . 
J.  Wilsing 


Variation  of   Speotram  of   Orion 
Nebula.    (Jan.) 


Note  on  the  Enhanced  Lines  in  the 
Spectrum  of  a  Cygni.  (Read 
Feb.  2.) 


On  the  Order  of  Appearance  of 
Chemical  Sabstances  at  Different 
Stellar  Temperatures.  (Read  Feb. 
23.) 

Les  trois  types  spectiales  des 
6toilee.    (Feb.) 

La  photographic  des  spectres 
d*6toiles.    (Read  March  1.) 

Spectra  of  Stars  of  Class  HI.  b. 
(March.) 

The  Spectrum  of  Satum*s  Rings. 
(March.) 

A  New  Star  in  Sagittarius. 
(March.) 

The  Chemistry  of  the  Stars  in  Re- 
lation to  Temperature.    (March.) 

On  the  Distribution  of  the  various 
Chemical  Groups  of  Stars.  (Lec- 
ture to  Working  Men.    April  10.) 

On  some  Recent  Advances  in 
Spectrum  Analysis  relating  to 
Inorganic  and  Organic  Evolution. 
(Lecture  to  Working  Men.  April 
24.) 

On  the  Presence  of  Oxygen  in  the 
Atmospheres  of  certain  Fixed 
Stars.    (Read  April  27.) 


Comparison  of  Stellar  Spectraof  the 
Third  and  Fourth  Types.    (April.) 

Photographs  of  the  New  Star  in 
Sagittarius.    (April) 

Spectra  of  Stars  of  Secchi*s  Fourth 
Type.    (Apra) 

Ueber  die  Deutung  des  typischen 
Spectrams  der  neuen  Sterne. 
(Read  May  4.) 


*  Astr.  Nachr.*  cidviii.  (No. 
3541)  207; 'Nature.*  lix. 
379  (Abs.) 

•Proc.  Roy.  Soc'lxiv.  320- 
322;  'Beibmtter/  zziU. 
361  (Abs.);  'Science 
Abstr.*  U.  435. 

*  Free.  Roy.  Soc*  briv.  396- 
401 ;  'Chem^Nevrs/lxxix. 
145-147;  •Beiblatter; 
X3rili.  792  (Abs.) 

*  Rev.  Scientifique/  xi. 
238-242. 

*  Bull.  Soc.  Astron.  de 
France/  Sept.  1899,  379- 
382. 

*Astrophys.  J.*  ix.  119- 
132;  •Nature,'  Ix.  18 
(Abs.) 

'Astrophys.  J.*  ix.  186- 
186;  'Nature,*  lix.  595 
(Abs.) 

<  Harvard  Coll.  Obs.  Circ.* 
No.  42; » Nature,*  lix.  561 
(Abs.) 

'Nature,' lix.  463-466. 

'Nature,* Ix.  617-620,  Ixi. 
8-11. 

•  Nature,*  Ix.  103-108. 


*  Proc.  Roy.  Soc.*  Ixv.  196- 
206;  'Nature,*  Ix.  190 
(Abs.);  *J.  Chem.  Soc* 
Ixxvi.  XL  718  (Abs.); 
'  Science  Abstr.*  ii.  729 
(Abs.) 

'  Astrophys.  J.*  x.  273-274. 

•Astrophys.  J.*  ix.  269; 
'  Nature,*  Ix.  88  (Abs.) 

*  Astrophys.  J.'  ix.  271- 
272;  'Nature,*  Ix.  186- 
187  (Abs.) 

'  Sitzungsb.  Akad.  Berlin,* 
1899.  426-436 ;  '  Science 
Abet! .*  ii.  728-729 ; 
'Astrophys.  J.'  x.  113- 
125. 
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Sir  J.  N.  Lockyer 


A.  Belopolsky 


G.    E.    Hale    and 
F.  Ellerman. 


W.  W.  Campbell 
J.  Scheiner  . 

W.  W.  Campbell 

W.  H.  Wright 

E.  B.  Frost    . 
W.  W.  Campbell 


A.  Belopolsky 

G.  E.  Hale     . 
Sir  J.  N.  Lockyer 

J.  Lunt 


A.  Belopolsky 
J.  F^nyi 

1901. 


ASTBONOMICAL  APPLICATIONS,  1899. 

On  the  Chemical  Classification  of     <  Proc.  Roy.  Soa*  Izv.  186. 
the  Stars.    (Read  May  4.) 


Ueber  die  Bewegung  von  f  Gemi- 
nornm  in  den  Gesichtslinie. 
(May.) 

The  Spectra  of  Stars  of  Seochi's 
Fourth  Type.    (July,) 


New  Spectroscopic  Multiple  Star 
(Polaris).    (Sept.) 

Ueber  die  photogpraphisch-photo- 
metrischen  Untersuchungen  des 
Herm  Keeler  am  Orionnebel. 
(Oct.)  (Reply  of  J.  Keeler,  *  Astr. 
Nachr;  cli.  (No.  3601)  3-4.) 

The  Variable  Velocities  in  the  Line 
of  Sight  of  c  LibrsB,  A.  Draconis, 
X  Andromedae,  €  Ursae  Minoris,  8 
UrssD  Minoris,  and  <»  Draconis. 
(Oct.) 

Observations  of  Comet  Spectra. 
(Oct.) 

The  Variable  Velocity  of  Polaris. 
(Oct.) 

The  Spectroscopic  Binary  Capella. 
(Oct.) 


The  Wave-length  of  the  Green 
Coronal  Line,  and  other  Data  re- 
sulting from  an  Attempt  to  Deter- 
mine the  Law  of  Rotation  of  the 
Solar  Corona.    (Oct.) 

Ueber  das  Spectrum  von  P  Cygni. 
(Nov.) 

Carbon  in  the  Chromosphere.  (Nov.) 
The  Piscian  Stars.    (Read  Dec.  14.) 


On  the  Origin  of  certain  Unknown 
Lines  in  the  Spectra  of  Stars  of 
the  3  Crucis  Type,  and  on  the 
Spectrum  of  Silicon.  (Read 
Dec.  14.) 

Notes  on  the  Spectrum  of  P  Cygni. 
(Dec.) 

The  Great  Sun-spot,  September 
1898.    (Dec.) 


191. 

*  Astr.  Nachr.'  cxlix.  (No. 
3565)  239;  *  Nature,*  Ix. 
114  (Abs.) 

*  Astrophys.  J.'  x.  87-112  ; 
« BeibUtter,'  xxiv.  110- 
111  (Abs.);  •  Nature,' Ix. 
429  (Abs.) 

'Nature,*  Ix.  513  (Abs.) 


•Astr.    Nachr.*    cl.   (No. 
3593)  299-302 ;  •  Astro- 
phys. J.'  X.  164-168. 


'Astrophys.  J.*  x.  175- 
183;  •  Nature,*  Ixi.  114 
(Abs.) 


'  Astrophys.  J.'  x.  1 73-176 ; 
•Beiblatter,*  xxiv.  481- 
482  (Abs.) 

*  Astrophys.  J.'  x.  184-185; 

•  Nature,' Ixi.  114  (Abs.) 

*  Astrophys.  J.'  x.  177; 
•Nature,' Ixi.  114  (Abs.); 

•  Beiblatter,'  xxiv.  482 
(Abs.) 

♦Astrophys.  J.'  x.  186- 
192,  ,806-307 ;  *  Bei- 
blatter,' xxiv,  183  (Abs.) ; 

•  Science  Abstr.'  iii.  176. 

'Astr.  Nachr.*  cli.  (No. 
3603)  37-40;  'Nature,* 
Ixi.  137  (Abs.) 

*  Astrophys.  J.*  x.  287-288. 

*  Proc.  Roy.  Soc*  Ixvi.  126- 
140;  *  Beiblatter,*  xxiv. 
789-790 (Abs.);  'Nature,* 
Ixi.  213  (Abs.) 

*  Proc.  Roy.  Soc.'  Ixvi.  44- 
50;  'Astrophys.  J.'  xi. 
262-2G9  ;  *  Beiblatter,' 
xxiv.  912-913  (Abs.) 

*  Astrophys.  J.'  x.  319-321. 

*  Astrophys.  J.'  x.  333- 
336 ;  '  Science  Abstr.'  iii. 
300. 
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C.  A.  Young 


W.  Sidgreaves 

H.    C.    Vogel 
J.  Wilsing  . 


C.  A.  Schultz-Stein- 
heil. 

A.  Elvins 


C.  Dufour 


C.  G.  Abbot  • 


ASTBONOHIOAL  APPLICATIONS,    1899, 

I  The  Wave-length  of   the    Corona 
,    Line.    (Dec.) 


Notes  on  the  Spectra  of  y  Cassio- 
peisB  and  o  Ceti. 

and  UntersQchnngen  ilber  die  Spectra 
von  528  Sternen.  (*Publ.  d. 
Astrophys.  Observat.  zu  Potsdam/ 
xii.  I.  73  pp.) 

The  Rotation  of  the  Sua     (Lund 
Observatory.) 


Sun-spot  of  September  and  October, 
1898.  (Proo.  Canadian  Instit.  ii. 
36-38.) 

Comparaison  entre  la  lumi^re  du 
soleil  et  celle  de  quelques  6toiles. 

Report  of  the  Work  of  the  Astro- 
physical  Observatory  for  the  year 
ending  June  30,  1899. 


1900. 

*A8trophys.  J.'  x.  306- 
307;  *  Beiblatter,'  xxiv. 
480  (Abs.)  ;  •  Science 
Abstr.'  iii.  299-300. 

*  Month.  Not.  R.  A.  S.*  Ux. 
502-512. 


<  Nature,*  Ix.  577  (Abe.) 

'Science  Abstr.'  iii.  176- 
177. 


•Arch,  de    Geneve,'  viii. 
209-217. 


*Smithson.  Inst.  Report,' 
1899;  •Nature,'  Ixi.  546 
(Abs.) 


Sir  J.  N.   Lockyer 
and  A.  Fowler, 


A.  Belopolsky 

H.  Deslandres 
Sir  J.  N.  Lockyer  . 
H.  C.Vogcl  . 

W.  H.  Wright 
K.  Schwartzchild  . 
W.W.Campbell   . 
Sir  J.  N.  Lockyer  , 


1900. 

The  Spectrum  of  a  Aquilae. 
Feb.  8.) 


(Read 


Ueber  eine  Methode  zur  Verstark- 
ung  schwacher  Linier  in  Stem- 
spectrogrammen  (in  Russian.) 
(Read  Feb.  9.) 

Variations  rapides  de  la  vitesse 
radiale  de  I'etoile  8  Orionis. 
(Read  Feb.  12.) 

Preliminary  Not«  on  the  Spectrum 
of  the  Corona.    (Read  Feb.  22.) 

Ueber  die  im  letzten  Decennium  in 
der  Bestimmung  der  Stembewe- 
gung  in  der  GesichtsUnie  erreich- 
ten  Fortschritt  c.  ( Read  March  29.) 

The  Orbit  of  the  Spectroscopic 
Binary  %  Draconis.    (March.) 

Bin  Yerfahren  der  Bahnbestim. 
mung  der  spectroscopischen  Dop- 
pelsternen.    (March.) 

The  Variable  Velocity  of  fi  Herculis  I 
in  the  Line  of  Sight.    (March.)      ' 

A  Short  Account  of  the  Physical  | 
Problems  now  being  investigated  i 
at  the  Solar  Physics  Ol^servatory  I 
and  their  Astronomical  Applica- 
tions.   (Phys.  Soc.    April  27.)        | 


*  Proc.  Roy.  Soc*  Ixvi.  232- 
238;  •  Beibliitter,'  xxiv. 
995  (Abs.) 

»  BuU.  Acad,  St.  Petersb.* 
[5],  xii.  205-210 ;  •  Bei- 
blatter,'  xxv.  131-132 
(Abs.) 

'  C.  R.'  cxxx.  379-382  ; 
•Nature,' Ixi.  407  (Abs.) 

*  Proo.  Roy.  Soo.'  Ixvi.  189- 
192 ;  •  Science  Abstr.'  iii. 
524-525. 

•Sitzungsb.  Akad.  Berlin,^ 
1900,  373-390. 


•Astrophys.  J.'  xi.  131- 
134;  •  Beiblatter,'  xxiv. 
996  (Abs.) 

'Astr.  Nachr.'  clii.  (No. 
3620)  66-74;  *  Nature,' 
Ixi.  521-522  (Abs.) 

•Astrophys.  J.'  xi.  140; 
'  Beiblfttter,'  xxiv.  790 
(Abs.) 

•Nature,'  Ixii.  23  (Abs.); 
*  Chem.  News,'  Ixxxi.  214 
(Abs.) 
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L.E.  Jewell  . 


W.W.Campbell    . 


A.  Belopolsky 


H.  Deslandres 


W.  H.  M.  Christie 
and  F.  M.  Dyson. 


J.  Evershed    . 


Sir  J.  N.  Lockyer  . 


H.  H.  Turner  and 
H.  F.  Newall. 


6.  Meslin 


H.  Deslandres 


W.  IL  Julius  . 


r.  de  Keen 


ASTBONOMIOAL  APPUCATIONS,   1900. 

Spectrosoopio  Determinations  of 
Motion  in  the  Line  of  Sight,  &o. 
(April.) 

Some  Spectrographic  Beeults  ob- 
tained at  the  Indian  Eclipse  by 
the  Lick  Observatory  Crocker 
Expedition.    (April.) 

BinVersuch  die  Rotationsgeschwin- 
digkeit  des  Venusa3quator  auf 
spectrographischem  Wege  zu  be- 
stimmen.    (May.) 

Observations  de  I'^clipse  totale  du 
soleil  le  28  Mai  1900  k  Argamasilla 
(Espagne).    (Read  June  1 8.) 


Total  Eclipse  of  the  Sun,  1900, 
May  28.  Preliminary  Account  of 
the  Observations  made  at  Ovar, 
Portugal.    (Read  June  28.) 

Solar  Eclipse  of  May  28,  1900. 
Preliminary  Report  of  the  Expe- 
dition to  the  South  Limit  of 
Totality  to  obtain  Photographs  of 
the  Flash  Spectrum  in  High  Solar 
Latitudes.    (Read  June  28.) 

Total  Eclipse  of  the  Sun,  May  28, 
1900.  Preliminary  Account  of  the 
Observations  made  by  the  Solar 
Physics  Observatory  Eclipse  Expe- 
dition and  the  officers  and  men  of 
H.M.S.  'Theseus'  at  Santa  Pola. 
(Read  June  28.) 

Total  Solar  Eclipse  of  1900,  May  28. 
Preliminary  Report  on  the  Obser- 
vations made  at  Bouzareah  (in  the 
grounds  of  the  Algiers  Observa- 
tory).   (Read  June  28.) 

Sur  les  images  spectrales  de  la 
chromosphere  et  des  protube- 
rances, obtenues  k  Taide  de 
la  chambre  prismatique.  (Read 
July  30.) 

Premiers  r^sultats  des  recherches 
faites  sur  la  reconnaissance  de  la 
couronne  solaire  avec  I'aide  des 
rayons calorifiques.  (Read  Oct.  15.) 

Solar  Phenomena  and  Anomalous 
Dispersion.    (Oct.) 

Constatation  de  quelques  faits  re-  | 
latifs  aux  stratifications  des  tubes  1 
k  vide  et   au  spectre  qu'ils   pr6- 
sentent.    Conjecture   sur  le  me- 
ohanisme  de  ceph^nom^ne.  (Read 
Nov.  3.) 


« Astrophys.  J.'xi.234-240 ; 
•  Science  Abstr.*  iii.  691. 


*  Astrophys. 
233. 


J.'   xi,    226- 


*Astr.  Nachr.'  clii.  (No. 
3641)263-276;  'Nature,' 
Ixii.  160-lGl  (Abs.) 

*C,  R.*  cxxx.  1691-1695; 
*  Nature,'  Ixii.  233  (Abs.) ; 
♦Astrophys.  J.'  xii.  287- 
290  ;  *  Beibliitter,'  xxv. 
40.  (Abs.) 

*  Proc.  Roy.  Soc'  Ixvii. 
392-402. 


'Proc.   Roy.    Soc'    Ixvii. 
370-386. 


'  Proc.    Roy     Soc'    Ixvii. 
337-346. 


*  Proc.    Roy.    Soc'    Ixvi 
346-369. 


*C.  R.'  cxxxi.  328-330; 
'  Beiblatter,'  xxiv.  1124- 
1125  (Abs.) 


•  C.    R.'    cxxxi.  658-661  ; 
'  Nature,'  Ixiii.  67  (Abs.) 


'Astrophys.. J.'  xii.  185- 
200 ;  '  Science  Abstr.'  iv. 
14. 

*Bull.  Acad.  Belg.*  1900, 
803-811;  'Beiblatter  *  xxv. 
154  (Abs.) 
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ASTBONOMICAL  APPLICATIONS,  1900. —METEOROLOGICAL  APPLICATIONS,  1898,  1899. 

» Proc.  Roy.  Soc*  Ixvii.  409- 
431. 


Sir  J.  N.  Lockyer 


W.  W.  Campbell 


E.  B.  Frost     . 


W.  J.  Knight 


J.   F.  Mohler 
F.  C.  Daniel. 

J.  Wilsing 


A.  Berberich  . 
J.  Hartmann . 


and 


On  Solar  Changes  of  Temperature 
and  Variations  in  Rainfall  in  the 
Regions  sarrounding  the  Indian 
Ocean.    (Read  Nov.  22.) 

The  Visible  Spectrum  of  Nova 
Aquilffi.    (Nov.) 


Spectroscopic  Results  obtained  at 
the  Solar  Eclipse  of  May  28, 1900. 
(Dec.) 

Can  Spectroscopic  Analysis  furnish 
us  with  precise  Information  as  to 
the  Petrography  of  the  Moon? 
(Dec.) 

The  Reversing  Layer  photographed 
with  a  Concave  Rowland  Grating. 
(Dec.) 

Untersuchungen  iiber  das  Spec- 
trum des  Nova  Aurigae.  (*Publ. 
d.  Astrophys.  Observat.  zu  Pots- 
dam,' xii.  77-102.) 

Die  Sonnen corona.  .  (*Naturw. 
Rundschau,*  xv.  29-30.) 

Anwendung  der  Photofirraphie  zur 
spectralphotometrischen  Messung 
der  Helligkeit  von  Himmelskor- 
pern.  (*Jahrb.  f.  Photogr.*  1900, 
240-244.) 


'Astrophys.  J.'  xii.  268; 
« Beiblatter,'  xxv.  41 
(Abs.)  ;  *  Nature,*  Ixiii. 
260  (Abs.) 

'Astrophys.  J.*  xii.  307- 
351  ;  *  Beiblatter,*  xxv. 
267-268  (Abs.) 

'Nature,*  Ixiii.  180. 


♦Astrophys.  J.*  xii.  361- 
365;  » Beiblatter,*  xxv. 
268-269  (Abs.) 

*  Beiblatter,*  xxiv.  995-996 
(Abs.) 


•  Beiblatter,'     xxiv. 
(Abs.) 


480 


E.  C.  Pickering 

A.  Schuster    . 
Sir  W.  Crookes 

T.  W.  Backhouse 
C.  Runge 


A.    de   la    Baume 
Pluvinel. 


VII. 

METEOROLOGICAL  APPLICATIONS. 

1898. 


The  Photographic  Spectrum  of  the 
Aurora.    (May.) 


The  Origin  of  the  Aurora  Spectrum. 
(June.) 

Helium  in  the  Atmosphere.    (Oct.)     •  Chem.  News,*  IxxvilL  98 ; 

'Beiblatter,'   xxiii.    317 


'  Harvard  Coll.  Obs.  Circ* 
No.  28 ;  *  Astrophys.  J.' 
vii.  392;  'Beiblatter,*  xxii. 
843  (Abs.);  'Nature,* 
Ivii.  591  (Abs.) 

*  Nature,'  Iviii.  151. 


The  Origin  of  the  Aurora  Spectrum. 
(Nov.) 

The  Origin  of  the  Aurora  Spectrum. 
(Nov.) 

1899. 

Observation  du  gronpe  des  raies  B 
du  spectre  solaire  faite  au  sommet 
du  Mont  Blanc.    (Read  Jan.  30.) 


(Abs.) 
'  Nature.*  lix.  127. 

*  Nature,'  lix.  29. 


'C.  R.'  cxxviii.  269-272; 
*  Beiblatter,'  xxiiL  359 
(Abs.);  'Science  Abstr.' 
ii.  437-438;  'Nature,* 
lix.  859  (Abs.) 
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Mbtbobological  Applications,  1899.— Chemical  Relations,  1896, 1897. 


B.  Hasselberg 


Paulsen 


B.  Hasselberg 


A.  Wr6blew8ki 

B.  Haaselbeig 

G.  Abati 

B.  Hasselberg 
A.  de  Gramont 


W.  N.  Hartley  and 
H.  Ramage. 


I  Note  sur  la  diffusion  cosmique  de 
vanadiam. 

Snr  le  spectie  des  aorores  polaires. 
(Read  March  6.) 


VIII. 

CHEMICAL   RELATIONS. 
1896. 

Ueber  das  Vorkommen  des  Vanads 
in  den  Scandinavischen  Rutilarten. 
(Read  Dec.  9.) 


1897. 

Anwendungdes  Glan'schen  Spekbro- 
photometers  aof  die  Thierchemie. 
I.  Quantitative  Bestimmung  des 
OzyhsBmoglobin  im  Blute.  II. 
Quantitative  Bestimmung  der 
Rhodansalze  im  Speichel. 

Zur  chemischen  Constitution  des 
Rutils.    (Read  March  10.) 


Sul  potere  rifrangente  e  dispersivo 
del  silicic  nei  suoi  composti. 
(Read  June  12.) 


Note  on  the  Chemical  Composition 
of  the  Mineral  Rutile.    (June.) 

Observations  sur  les  spectres  des 
composes.    (Read  July  23.) 


Spectres  de  dissociation  des  sels 
fondus.  M^taux  alcalins,  sodium, 
lithium,  potassium.  (Read  July 
23.) 

Spectres  de  dissociation  des  sels 
fondus;  m6talloides,ohlore,brome, 
iode.    (July.) 

The  Spectrographic  Analysis  of 
Blinerals  and  Meteorites.    (Aug.) 


*Mem.  Soc.  Spettr.  Ital.* 
xxviii.  113  -119;  'Nature,' 
Ix.  487  (Abs.) 

'C.  R.*  cxxx.  655-656; 
♦Beiblattei/  xxiv.  479- 
480 (Abs.);  <Nature,Mxi. 
621  (Aba) 


*  Bihang  till  K.  Vet.  Akad. 
Handl.'  xxii.  Afd.  i.  No. 
7,  7  pp. ;  *  Zeitschr.  f . 
anorg.  Chem.'  xviii  85 
(Abs.);  *Chem.  Centr.* 
1899,  n.  1068  (Abs.); 
•  Chem.New8,Uxxvi.  112- 
113. 


<C.  R.  de  TAcad.  des 
Sci.  de  Cracovie,'  1896, 
386-390 ;  •  Chem.  Centr.' 

1897,  II.  632  (Abs.)  ;  •  J. 
Chem.  Soc/  Ixxiv.  II. 
415  (Abs.) 

'Bihang  till  K,  Vet.  Akad. 
Handl.'  xxiii.  Afd.  i.  No. 
3,  8  pp.;  'Zeitschr.  f. 
anorg.  Chem.'  xviii.  85 
(Abs.);    *Chem.    Centr.' 

1898,  II.  10G8  (Abs.) 

*  Gazz. '  chim.  Ital.'  xxvi!. 
II.  437-455 ;  *  Beiblatter,' 
xxii.  557  (Abs.);  'J. 
Chem.  Soc.' Ixxiv.  n.  274 
(Abs.) 

*  Astrophys.  J.'  vi.  22-26  ; 
'  nhem.News,'lxxvl.l02- 
104. 

'Bull  Soc.  Chim.' [3]  xvii. 
774-778;  *Ohem.  News,' 
Ixxvi.  277  (Abs.);  *J. 
Chem.  Soc.'  Ixxvi.  II. 
197-198  (Abs.) 

*  Bull.  Soc.  Chim.' [3]  xvii. 
778-782;  *Chem,  News,' 
Ixxvi.  244-246  ;  'J.  Chem. 
Soc'  ixxvi.  II.  198  (Abs.) 

*  Bull.  Soc.  Chim,'  [3]  xvii. 
897-901;  « Chem.  News,' 
Ixxviii.  28-29;  'Science 
Abstr.'  i.  247-248. 

*  Brit.  Assoc.  Report,'  1897 
610  (Abs  );  *Chem.  News, 
Ixxvi.  231  (Abs.) 
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C.  Range  and 
Paschen. 


F.  Kehrmann 

A.  de  Gramont 
H.  Kayser 

A.  de  Gramont 


Chemical  Relations,  1897, 1898. 

Ueber  die  Serienspectra  der  Ele- 
mente,  Sanerstoff,  Schwefel  and 
Selen.    (Aug.) 


Ueber  die  Ck)n8titation  der  Oxazin- 
Farbstoffe  and  den  vierwerthigen 
Saaerstoff.    (Read  Oct.  9.) 

Dissociation  Spectra  of  some  Fused 
Salts.    (Oct.) 

Ueber  die  Spectren  der  Elemente 
der  Flatingruppe.    (Read  Dec.  2.) 

Spectres  de  dissociation  des  sels 
fondus;  soufre,  phosphore,  com- 
poses phosphoreux  soUdes.  (Read 
Dec.  24.) 


*Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixi.  641-686 ; 
•  Brit.  Assoc.  Rep.*  1897, 
656;  *Chem.  News/ Ixxvi. 
266-266. 

'Ber.'xxxii.  2601-2611. 


*  Chem.  News,'lxxvi.  201- 
204. 

'Abhandl.  Akad.  Berl.' 
1897, 44  pp. ;  •  Beiblatter,* 
xxii.  667  (Abs.) 

*  Bull.  Soa  Chim.'  [3],  xix. 
64-59;  *J.  Chem.  Soc* 
Ixxvi.  II.  345  (Abs.) 


W.    Ramsay    and 
M.  W.  Travers. 


J.  Werder      • 


J.  J.  Dobbie  and 
F.  Marsden. 


P.   Schutzenberger 
and  0.  Boudouard. 


J.  Thomsen    • 

B.  Brauner  . 
A.  Boudoaard 
G.  Urbain 


1898. 

The  Companions  of  Argon. 
Jan.  29.) 


(Read 


TbQ    Homogeneity 
(Read  Jan.  29.) 


of     Helium. 


Das  Ref  ractometer  in  der  Wachs- 
untersuchung.    (Jan.) 

Preparation  and  Properties  of 
Orthochlorobromobenzene.  (Read 
Feb.  17.) 

Sur  les  terres  yttriqnes  contenues 
dans  les  sables  monazit^s.  (Read 
Feb.  26.) 

Ueber  Abtrennung  von  Helium  aus 
einer  natiirlichen  Verbindung 
unter  starkes  Licht  und  Warm- 
entwickelung.    (Feb.) 

On  Praseodidymium  and  Neodidy- 
mium.    (Read  March  17.) 

Sur  la  n§odyme.  (Read  March  21.) 


Sur  la  nature  du  didyme  qui  ac- 
compagne  Pyttria  provenant  des 
sables  monazit-^s.  (Read  March 
26.) 


<Proc.  Roy.  Soc.*  bdii. 
437-440;  *  Science  Abstr.* 
i.  7 1 8  (Abs.) ; « Beiblatter,' 
xxii.  613-514  (Abs.) ; 
*  Zeitschr.  f .  physikal. 
Chem.'  xxvi.  564-667 
(Abs.) 

*Proc.  Roy.  Soc.*  brii. 
316-324;  *Chem.  News,' 
Ixxvii.  61-64 ;  *  Chem. 
Centr.'  1898,  I.  707 
(Abs.) 

*  Chem.  Zeitung,'  xxii.  38, 
59 ;  *  Chem.  Centr.'  1898, 
X.  477,  631-632  (Abs.) 

•J.  Chem.  Soc.*  Ixxiii. 
254-256;  *  Chem.  Centr.* 
1898,  L  1103  (Abs.) 

♦Bull.  Soc.  ChiuL*  [3], 
xix.  227-244. 

« Zeitschr.  f.  physikal. 
Chem.'  XXV.  112-114 ; 
*Che5i.  Centr.'  1898,  X. 
656-657. 

*Proo.  Chem.  Soc.'  xiv. 
70-72;  •Chem.  Centr.' 
1898,1.919-920. 

*C.  R.'  cxxvi.  900-901; 
'  J.  Chem.  Soc.*  Ixxiv.  II. 
618  (Abs.^ 

'Bull.  Soc.  Chim.'  [3], 
xix.  381-382;  'Chem. 
News,'  Ixxviii.  74;  *J. 
Chem.  Soc.*  Ixxvi.  II. 
424-426  (Abs.) 
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A.  de  Qramont 


J.  W.  Briihl 


A.  de  Graxnont 


J.  W.  Brfihl 


F.  Kriiger      • 


W.    Ramsay    and 
M.  W.  I'ravers. 


A.  Bondouard 


Sir  W.  Crookes 


W.    Ramsay    and 
M.  W.  Travers. 


A.  de  Gramont 


W.    Ramsay    and 
M.  W.  Travers. 


Chbmical  Relations,  1898. 

Analyse  spectrale  des  composes 
non  condncteurs  par  les  sels 
fondus.    (Read  April  18.) 


Spectrochemie      des 
YI.    (Read  May  12.) 


Stiokstoffs, 


Analyse  spectrale  de  qaelqnes 
min^raox  non  conducteors  par 
les  sels  fondos  et  reactions  des 
616ments.    (Read  May  23.) 

Spectrochemie  des  Stickstoffs ; 
VII.  Sauerstoffverbindungen  des 
Stiokstoffs  im  gelostem  Zostande. 
(Read  May  23.) 


Die  Bestlmmnng  des  H&moglobin 
im  Katzenblnte.    (May.) 


Sur  nn  nouvel  616ment,  consti- 
tuant  de  I'air  atmosph^rique. 
(Read  Jnne  6.) 


Sur  les  terres  yttriqaes  contennes 
dans  les  sables  monazit6s.  (Read 
June  6.) 

On  the  Position  of  Helium,  Argon, 
and  Krypton  in  the  System  of 
Elements.    (Read  June  9.) 

On  a  New  Constituent  of  Atmo- 
spheric Air.  [Krypton.]  (Read 
Jime  9.) 


Spectres  de  dissociation  des  sels 
fondus ;  metalloides,  carbone. 
(Read  June  10.) 

Spectres  de  dissociation  des  sels 
fondus ;  metalloides,  silicium. 
(Read  June  10.) 

Kouveaux  gaz  de  Tair  atmo* 
8ph6rique.  [Nfion.]  (Read  June 
20.) 


»C.  R.*cxxvi.  1156-lie7; 
*Nature,Mvii.624(Ab8.); 

•  Chem.  News,'  Ixxvii. 
118-119. 

*  ZeitBchr.  f .  physikaL 
Chwn.'  XXV.  677-650 ; 
«Ber.»  xxxi.   1360-1370; 

•  J.  Chem.  Soo.'  Ixxiv.  II. 
362-368  (Abs.) ;  '  ChenL 
News,'  Ixxix.  202  (Abs.) 

«C.  R.'  cxxvi.  1613-1515; 

•  J.  Chem.  Soc'  Ixxiv.  II. 
635-636  (Abs.);  'Chem. 
News,*  Ixxyiii.  2-3. 

*  Zeitschr.  f.  physikal. 
Chem.'  xxvi.  47-76; 
*Ber.'  xxxi.  1465-1477; 
'Beibiatter,'  xxii.  661- 
662  (Abs.);  'J.  Chem. 
Soc'  ixxiv.  II.  417-418 
(Abs.);  *Chem.  News,' 
Ixxix.  215  (Abs.) 

*  Zeitschr.  f.  physiol. 
Chem.'    XXV.     256-257 ; 

•  Chem.  Centr.'  1898,  II. 
494  (Abs.) 

•C.  R.'  cxxvi.  1610-1613; 

•  Chem.  Centr.'  1898,  II. 
81  (Abs.);  'Chem. News,' 
ixxvii.  270  (Abs.) ;  •  Na- 
ture,'Ivlii.  167  (Abs.) 

•C.  R.'  cxxvi.  1648-1651; 

•  J.  Chem.  Soc'  Ixxiv,  II. 
587(Abs.);  'Chem.News,' 
Ixxviii.  28. 

*Proc  Roy.  Soc*  Ixiil. 
408-411;  'Zeitschr.  f 
anorg.  Chem.'xviii.  72-76, 

*Proc  Roy.  Soc'  Ixiii. 
405-408  ;  •  C.  R.'  cxxvi. 
1610-1613  ;*  J.  dePhys.' 
[3],  vU.  393-396;  «  Bei- 
blatter,'  xxU.  613-514 
(Abs.) 

*  Bull.  Soc  Chim.'  [3]  xix. 
548-550 ;  « Chem.  News,' 
Ixxviu.  270-271. 

*  Bull.  Soc  Chim.'  [3],  xix. 
661 ;  '  Chem.  News,' 
Ixxviii.  258  (Abs.) 

•C.  R.'  cxxvi.  1762-1768; 

•  Chem.  Centr.'  1898,  II. 
81  (Abs.);  *J.  Chem. 
Soc*  Ixxiv.  II.  574  (Abs.) 


Digitized  by 


Google 


200 


REPORT— 1901. 


G.  Urbain 


A.  de  Gramont 


R.  Nasini,  F.  An- 
derlini,  and  R. 
Salvadoh. 


J.  Dewar        • 
O.  Neovitis     . 


W.    Ramsay    and 
M.  W.  Travers. 


A.  de  Gramont 


H.  R.  Procter. 


W.  Ramsay  and  M. 
W.  Travers. 


W.  Ramsay 


B.  Fiegler 


A.  J.  S waving 


Chemical  Relations,  1898. 

Sur  les  terres  yttriqaes  provenant  ,  *C.  R/  cxztU.  107-108; 
des  sables  monazit^s.  (Read  *  Chem.  Centr.'  1898,  II. 
July  11.)  408     (Abs.);      « Chem. 

News,'  Ixxviii.  61. 


Analyse  speotrale  des  corps  non- 
conducteors  par  les  sels  fondos. 
(Read  July  22.) 

Sulla  probabile  presenza  del 
coronio  e  di  nuovi  element! 
net  gas  della  Solfatara  di  Pos- 
snoli  e  del  Vesuvio.  (Read 
Aug.  7.) 

Metargon.    (Aug.) 

Ueber  das  vermuthlicbe  Vorkom- 
men  eines  bis  jetzt  unbekannten 
Stoffes  in  der  Atmosphare. 
(Sept.) 


On  the  Extraction  from  Air  of  the 
Companions  of  Argon,  and  on 
Neon.    (Sept.) 


Observations  sur  quelques  spectres ; 
aluminium,  tellnre,  s^l^nium. 
(Read  Nov.  28.) 


The  Refractive  Constant  in  Oil  and 
fat  analysis.    (Nov.) 


The  Preparation  and  some  of  the 
Properties  of  Pure  Argon.  (Read 
Dec.  16.) 


Ueber  die  neuerdiogs  entdeckten 
Gase  und  der  Beziehung  zum 
periodischen  Gesetz.  (Read  Dec. 
19.) 


Eine  neue  Methode  zur  Bestim- 
mung  der  Pbosphorsaure  auf  re- 
fractometrischem  Wege.  ('  Bnle- 
tinul  Soc.  Sd.  Bucarest,*  vii.  172- 
174.) 

Ueber  die  practische  Verwendung 
des  Refractometers  f(ir  die  Buttei- 
untersuchung.  ('  Landw.  Ver. 
Stat.*  xlix.341-347.) 


•BuU.8ocChim.*[3],xix. 
742-746;  'Chem.  Centr.' 
1898,  II.  788  (Abs.) 

*  Atti  R.  Accad.  d.  Lincei* 
[5],  vii.  73-74 ;  *  Chem. 
Centr.'  18D8,  II.  617 
(Abs.);  *J.  Chem.  Soc.* 
Ixxvi.  II.  482-483  (Abs.) 

*  Nature.' Iviii.  319;  *Bei- 
biatter,*  xxiii.  395  (Abs.) 

*  Ann.  *  Phys.  n.  Chem.' 
[N.F.],  Ixvi.  162-169; 
'Chem.  Centr.'  1898,  II. 
252  (Abs.) ;  *  Science 
Abstr.'  ii.  52;  'Nature,' 
liz.  46  (Abs.) 

'  Brit.  Assoc.  Report,'  1898, 
828-830;  *  Chem.  News,' 
IxxviL  154^156  ;  '  Chem. 
Centr.'  1898,  IL  852-853 
(Abs.) 

*C.  R.'  cxxvii.  866-868; 
*Chem.  Centr.'  1899,  I. 
14(Abs.);*  J.Chem.Soc' 
Ixxvi.  n.  199  (Abs.); 
'  Chem.  News,'  Ixxix.  35 
(Abs.) 

'  J.  Soc.  Chem.  Ind.*  xvii. 
1021-1025;  *J.  Chem. 
Soc'  bcxvi.  II.  268  (Abs.) ; 
•Chem.  Centr.'  1899,  I. 
233-234  (Abs.) 

*Proc.  Roy.  Soc.'  bdr. 
183-192;  'Chem.  News,' 
Ixxix.  49-50;  'Zeitschr. 
f.  physikal.  Chem.*  241- 
250. 

*Ber.'  xxxi.  3111-3121; 
'Chem.  Centr.'  1899,  I. 
323-324  (Abs.) ;  '  J. 
Chem.  Soc.'  Ixxvi.  II. 
211-212  (Abs.);  •  Science 
Abstr.'  iL  370-371. 

'Chem.  Centr.'  1898,  II. 
313-314  (Abs.) 


'Chem.   Centr.*  1898,    I. 
352  (Abs.) 
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H.  Zikes 


Chrmical  Rblations,  1898,  1899. 

Refractometriflche         Bieranalyse  I  <Chem.    Oentr/    1898,    I 
nach  Herknles  Tomoe.  ('Oesterr.       1311  (Abs.) 
Chem.  Zeitung/  i.  7-9.)  ^ 


Sir  J.  Conroy 

A.  Nabl . 

B.  Hasselberg 

M.  Wager       . 

W.  N.  HarUey  and 
H.  Ramage. 

Sir  J,  N.  Lockyer  , 

W.  Hallwachs 


R.  T.  Odnther  and 
J.  J.  Manley. 

M.  Berthelot . 

P.  Lewis 


C.  Benedicks  , 


J.  B.  Frankforter 
and  £.  P.  Hard- 
ing. 

A  Obileaotti  . 


Sir  J.  N.  Lockyer 


1899. 

On  the  Refractive  Indices  and 
Densities  of  Normal  and  Semi- 
normal  Solutions  of  Hydrogen 
Chloride  and  the  Chlorides  of  the 
Alkalis.    (Read  Jan.  19.) 

Ueber  farbende  Bestandtheile  des 
Amethysten,  Citrins,  ondgebrann- 
ten  Amethysten.    (Read  Feb.  3.) 

Note  sur  la  diffusion  cosmiqne  de 
vanadium.    (Read  March  8.) 


Oel-  und  Fimisanalyse.mittels  Re- 
fraotometers.    (March.) 


A  Spectrographic  Analysis  of  Iron 
Meteorites,  Siderolites,  and  Me- 
teoric Stones.    (April.) 

The  Present  Standpoint  in  Spec- 
trum Analysis.    (April.) 

Ueber  ein  Doppelrefractometer 
und  Untersuchungen  mit  dem- 
selben  an  Losungen  von  Brom- 
cadmium,  Zucker,  Di-  und  Tri- 
chloressigsaure,  sowie  deren 
Kaliumsalze.    (May.) 

On  the  Waters  of  the  Salt  Lake  of 
Urmi.    (Read  June  15.) 

Nouvelles  recherches  sur  Targon  et 
ses  combinaisons.  (Read  July  10.) 

Ueber  den  Einfluss  kleiner  Beimen- 
gungen  za  einem  Qase  auf  dessen 
Spectrum.    (July.) 


Beitrage  zur  Kenntnis  des  Gado- 
liniums.   (Sept.) 


A  Chemical  Study  of  Wheat.  (Sept.) 


Sul  potere  rifrangente  di  alcuni 
idrocarburi  a  nuclei  benzolici  con- 
densati.    (Read  Nov.  14.) 

The  Methods  of  Inorganic  Evolu- 
tion.   (Nov.) 


*  Proc.  Roy.  Soc.*  Ixiv.  808- 
318. 


*Monatsh.  f.  Chem.'  xx. 
272-281;  •  J.  Chem.Soc.' 
Ixxvi.  11.  661  (Abs.) 

*  Oefvers.  K.  Svenska  Vet. 
Akad.  Forhandl.'  Ivi.  131- 
140;  *J.  Chem.  Soc/ 
Ixxx.  II.  261.  (Abs.) 

*  Zeitschr.  f.  angew.Chem.' 
1899,  297-300;  •Chem, 
Centr.'  1899,  X.  1004- 
1006  (Abs.) 

•Astrophys.  J.'    ix.    221- 


•  Nature,'  lix.  585-588. 

*Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixviii.  1-4  ;*  J. 
Chem.  Soc'  Ixxvi.  II. 
461-462  (Abs.) ;  *  Science 
Abstr.'  ii.  697. 

*Proc.  Roy.  Soc.'  Ixv. 
312-318:  *  Nature,'  Ix. 
369-360  (Abe.) 

♦C.     R.'    cxxix.     71-84; 

*  Nature,'  Ix.  288  (Abs.) 

*Ann.  Phys.  u.  Chem.' 
[N.F.],    Ixix.    398-426; 

*  Astrophys.  J.'  x.  137- 
163;  *  Science  Abstr.' iii. 
181. 

*  Zeitschr.  f .  anorg.  Chem.' 
xxii.  393-421;  'Chem. 
News,'  Ixxxi.  61-53,  62- 
63,  77-78. 

'J.  Amer.  Chem.  Soc.' 
xxi.  758-769;  *J.  Chem. 
Soc.'lxxviii.n.37(Abs.) 

'  Gazz.  chim.  Ital.'  xxx.  I. 
149-169 ;  *  Chem.  Centr.' 
1900, 1.  797  (Abs.) 

'  Nature,'  Ixi.  129-131. 
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A.  HaUerandP.M. 
MiiUer. 


F.  Stolle 


J.  Form&nek  , 


V.  Arnold 


Chemical  Relations,  1899, 1900. 

Sur  leg  refractions  mol6cu]aires,  la 
dispersion  mol^culaire,  et  le  pon- 
voir  rotatoire  de  qnelqaes  alcoyl- 
camphres.    (Read  Dec.  11.) 

Untersuchongen  fiber  Earamel- 
korper.  II.  Qoantitative  Bestim- 
mung  des  Earamels  in  wasserigen 
Losungen  mittels  des  Spectre- 
scops. 

Ueber  den  spectroscopischen  Nach- 
weis  der  organiechen  Farbstoffe 
(*  Z.  Unters.  Nahr.-Genus.'ii  260- 
273.) 

Ein  Beitrag  zur  Spectroflcopie  des 
Blntes  ('  Oentialbl.  f.  med.  Wiss.' 
xxxvii.  465-468.) 


*C.  R.'cxxix.  1006-1008; 
•  Beiblatter,'  xxiv.  448 
(Abs.);  *J.  Cbem.  Soc.* 
Ixxviii.  1. 182  (Abs.) 

*  Zeitscbr.  ver.  Riiben- 
2acker-Indnstr.'  xlix. 
839-842;  *  Chem.  Centr.' 
1899,  II.  1099  (Abs.); 
*J.  Chem.  Soc*  Ixxviii. 
II.  249-260  (Abs.) 


*Chem.   Centr.' 
d47  (Aba.) 


1899,    I. 


*Chem.  Centr.' 
344  (Abs.) 


1899,  II. 


8.      Young      and 
Emily  C.  Fortey. 

W.  N.  Hartley  and 
J.  J.  Dobbie. 


A.  Ladenberg  and 
C.  Kragel. 


E.  Demar^ay . 


J.  Formdnek  , 


Sir  J.  N.  Lockyer 


E.  Demar9ay . 


G.    V.    Georgievics 
and  E.  Valenta  . 


B.  DemarQay . 


1900. 

Note  on  the  Refraction  and  Mag- 
netic Rotation  of  Hexamethylene. 
(Read  Feb.  16.) 

Spectrographic  Studies  in  Tanto- 
merism.  The  Absorption  Corves 
of  the  Ethyl  Esters  of  Dibenzoyl- 
snccinic  Add.    (Read  March  1.) 

Ueber  das  Krypton.    (March.) 


Sur  le  Samoriam.  (Read  April  30.) 


Ueber   Acetophenon  Azobilimbin. 
(April.) 


On  the  Chemical  Classification  of 
the  Stars.    (Read  May  4.) 


Snr  les  terres  inconnnes  contennes 
dans  la  samarine  brute.  (Read 
May  28.) 

Ueber  die  Azofarbstoffe  ans  /S- 
naphtol  xind  den  Monosnlfosauren 
des  a  •  naphtylamins.  (Read 
June  15.) 

Snr  le  gadolinium.  (Read  July  30.) 


I 


*J.  Chem.  Soc.*  Ixxvii. 
372-374;  •  Proc.  Chem. 
Soc.'  xvi.  44  (Abs.) 

«J.  Chem.  Soc.'  Ixxvii. 
498-612;  *Proc.  Chem. 
Soc.'  xvi.  67-58  (Abs.); 

*  Chem.  News,'  Ixxzi.  141 
(Abs.) 

*  Sitzungsb.  Akad.  Berlin,' 
1900,212-217; 'J.  Chem. 
Soc.'  Ixxviii.  II.  540 
(Abs.) 

*C.  R.'  cxxx.  1186-1186; 
»Chem.  Centr.'  1900,  I. 
1199-1200(Abs.);  'Chem. 
News.'lxxxi.  261  (Abs.) ; 
*J.  Chem.  Soc'  IxxviiL 
II.  469  (Abs.) 

'  Zeitschr.f.physioLChem.' 
xxix.  411-416;  *  Chem. 
Centr.'  1900,  II.  129 
(Abs.) 

*  Proc.  Roy.  Soc.'  Ixv.  186- 
191;  *  Nature,' Ix.  52-64; 

*  J.  Chem.  Soc.'  IxsvL  II. 
718  (Abs.) 

*C.  R.'  cxxx.  1469-1472; 

*  Chem.  Centr.'  1900,  II. 
19-20  (Abs.);  *Chem. 
News,' Ixxxi.  311  (Abs.) 

'Monatsh.  f.  Chem.'  xxi. 
831-844 ;  *  Chem.  Centr.* 
1901. 1. 222 (Abs.);  'Bei- 
blatter,'  xxv.  194  (Abs.) 

•C.  R.'  cxxxi.  348-346; 
»J.  Chem.  Soc.*  Ixxviii. 
II.  697-698  (Abs.) 
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Ohbmioal  Relations,  1900 Thborbtioal  Papebs,  1897, 1898. 


P.Lewis 


0.  Riviere 


W.    Ramaaj 
M.W.  - 


and 
Travera  . 


W.  N.  Hartley  and 
H.  Ramage. 


W.  Mathmann  and 
L.Statzel  . 

F.  Bmich 

K.  Ibsen        • 

G.  HaCner      • 
J.  A.  Grober  . 


Ueber  den  Blnfloss  kleiner  Bei- 
mengongen  za  einem  Qtme  auf 
dessen  Spectrum.  II.  Abth.  (July). 


Indice  de  refraction  et  dispersion 
da  brome.    (Read  Oct.  22.) 


Argon  and  its  Companions. 
Nov.  15.) 


(Read 


On  a  Simplified  Method  for  the 
Spectrographic  Analysis  of  Mine- 
rals.   (Read  Nov.  15.) 

Beitrage  m  Spectralanalyse  von 
Praseodym.    (Nov.) 

Znr  Empfindlichkeit  der  Spectral- 
reactionen.  ('Wien.  An2.'1900,78.) 

Bin  weiterer  Beitrag  cum  spec- 
tralen  Blutnachweis.  (^Viertel- 
jahrb.  f .  ges.  Med.*  xix.  1-9.) 

Ueber  die  gleichseitige  Bestim- 
mung  zweier  Farbstoffe  im  Blate 
mit  H^fe  des  Spectrophotometer. 
(•Arch.  f.  Physiol.'  1900,  39-48.) 

Quantitativen  Zuokerbestimmnn- 
gen  mit  dem  Eintansohrefracto- 
meter.  (*  Centralbl.  f.  inn.  Med.' 
xxi.  201-247.) 


•Ann.derPhy8.*[4]i.447- 
468;  'Nature,'  Ixii.  381 
(Abs.) ;  *  Astrophys.  J.' 
xii.  16-23;  «J.  Chem. 
8oc.'lxxviU.L701(Aba.) 

•C.  R.'    cxxxi.   671-672; 

*  Nature,'  IxiU.  24  (Abs.) 

*  Proc.  Roy.  Soc.'  Ixvii. 
329-333;  *  Nature,' Ixiii. 
165;  *  Chem.  News,' 
IxxxU.  267-268. 

*  J.  Chem.  Soc.'  Izzix.  61- 
71;  *Proc;  Chem.  Soc.' 
xvi.  191  (Abs.);  •Chem. 
News,'  Ixxxii.  277  (Abs.) 

*Ber.'    xxxU.  2653-2674; 

*  Chem.    News,'     Ixxxii 
282  (Abs.) 

« Beibiatter,'  xxiv.  471 
(Abs.) 

•Chem.  Centr.'  1900,  i. 
688-689. 

•Chem.  Centr.'  1900,  1. 
512-613  (Abs.);  'J. 
Chem.  Soc.'  Ixxviii.  11. 
459  (Abs.) 

•Chem.  Centr.'  1900,  i. 
626-627  (Abs.) 


G.  F.  FitzGerald 
A.  Coma 


H.  A.  Lorentz 

P.  Drude 

A.  Schuster   . 


IX. 

THEORETICAL  PAPERS. 

1897. 

Zeeman's  Phenomenon.    (Sept.) 

Sur  I'observation  et  I'interpretation 
cin^matique  des  ph^nom^nes  d6- 
couvertes  par  M.  le  Dr.  Zeeman. 
(Read  Nov.  5.) 

Ueber  den  Binfluss  magnetischer 
Krafte  auf  die  Emission  des 
Lichtes.    (Dec.) 

1898. 

Die  optische  Constanten  des  Na- 
triums.   (Feb.) 

Prof.  C.  Range  and  F.  Paschen's 
Researches  on  the  Spectra  of  Oxy-  | 
gen.  Sulphur,  and  Seleniom.  (Feb.) 


•  Nature,'  Ivi.  468. 

•  Stances  de  la  Soc.  Fran^. 
de  P^ys.'  1897. 138-143. 


'Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixiii.  278-284; 
•Science  Abstr.'  i.  387- 
388 


•Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixiv.  169-162; 
•Nature,' Mi.  500  (Abs.) 

•Nature,'  Ivii.  320-321; 
•  Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixi.  641  ;  •  Bei- 
biatter '  xxii.  400  (Abs.) 
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G.  F.  FitzQerald 

A.  Pfluger      . 
»»  • 


J.  G.  Leathern 
J.  Wilsing     . 

A.  Righi 

H.  A.  Loreotz 

S.  A  Mitchell 

Lord  Kelvin  . 
C.  A.  Mebios . 

W.  Voigt 
A.  Bovida 


REPORT— 1901. 

Theobbtical  Papers,  1898 

Note  on  the  Connection  between 
the  Faraday  Rotation  of  Plane  of 
Polarisation  and  the  Zeeman 
Change  of  Frequency  of  Light  Vi- 
brations in  a  Magnetic  Field. 
(Read  March  10.) 

Priifung  der  Ketteler-Helmholtz- 
'schen  Dispersionsformeln  an  den 
optischen  Constanten  anomal- 
dispergirender  fester  Farbstoffe. 
(April.) 

Nachtrag  za  der  Abhandlung 
*  Prufung  der  Ketteler-Helm- 
holtz*schen  Dispersionsformeln 
an  den  optischen  Constanten 
anomal  -  dispergirender  fester 
Farbstx>ffe.*     (April.) 

Pruf  ang  der  Cauchyschen  Formeln 
der  Metallreflexlon  und  den  opti- 
schen Constanten  des  festen  Cya- 
nins.    (April.) 

On  the  Possibility  of  Deducing 
Magneto-optio  Phenomena  from  a 
Direct  Modification  of  an  Electro- 
dynamic  Energy  Function.  (Read 
May  16.) 

Theoretical  Considerations  respect- 
ing the  Dependence  of  Wave- 
length on  Pressure  which  Messrs. 
Humphreys  and  Mohler  have 
observed  in  the  Arc  Spectra  of 
certain  Elements.    (May.) 

Sulla  interpretazione  cinematica 
del  fenomeno  di  Zeeman.  (Read 
June  11.) 

Beschouwingen  over  den  Invloed 
van  een  magnetisch  Veld  op  de 
Uitstraling  van  Licht.  (Read 
June  25.) 

Notes  on  the  Concave  Grating. 
(June.) 

TheDynamical  Theory  of  Refraction 
and  Anomalous  Dispersion,  (Sept.) 

Om  B.  Galitzin's  teorie  for  spectral- 
liniemas  utbredning.  (Read  Oct. 
12.) 

Zur  Theorie  der  von  den  Herren 
Macaluso  und  Corblno  entdeckten 
Erscheinungen.    (Read  Nov.  26.) 

La  luce  monocromatica  come 
vibrazione  ammortita.    (Nov.) 


*  Proc.  Roy.  Soc.*  Ixiii.  31- 
35 ;  '  Science  Abstr.'  i. 
386-387 ;  *  Beiblatter/ 
xxii.  869-870  (Abs.) 


*Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixv.  173-213; 
*  Science  Abstr.'  i.  637- 
638. 


*Ann.    Phys.    u.    Chem.' 
[N.F.],  Ixv;  225-228. 


•Ann.  Phys.  u.  Chem«* 
[N.F.],  Ifv.  214-224; 
'Science  Abstr.'  i.  639 
(Abs.) 

*  Trans.  PhU.  Soc.  Camb.* 
xvii.  16-40 ;  « Proc  PhiL 
Soc.  Cambu'  ix.  630-531 
(Abs.)  ;  *  Beibiatter/ 
xxiii.  257-258  (Abs.) 

*Astrophys.  J.'  vii.  317- 
329;  *  Beiblatter,'  xxiL 
558-559  (Abs.)  ;*Scienc3 
Abstr.*  i.  639-640. 


*  Rend.  R.  Accad.  d.  Li  eel' 
[5],     vii.     I.     296-301; 

•  Science  Abstr.'  ii.  165- 
167. 

'  Zittingsversl.  R.  Akad. 
Amsterdam,*  1898-9, 
Deel,       vii.       113-122 ; 

*  Nature,*  Iviii.  360  (Abs.) 

*  Johns  Hopkins  Univ. 
Circ.'xvii.  66-58 ;  *  Astro- 
phys.  J.*  viii.  102-112. 

*  Brit.  Assoc.  Report,*  1898, 
782-783. 

*  Oefvers.af.  K.  Vet.  Acad. 
F6rh.'lv.  485-495;  *Bei. 
blatter,'  xxiii.  419-420 
(Abs.) 

'Gott.  Nachr.'  1898,  IV. 
349-364. 


'Rivista  scientifioa,*  zxz. 
226-236;  *  Science  Abstr.' 
ii.  599-600. 
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R.  V.  Kovesligethy 


J.  Hartmann . 


Ch.  Fabry  and  A. 
Perot. 


D.    Macalaso    and 
O.  M.  Corbino. 


A.  Cotton 
Lord  Kelvin  . 

O.  M.  Corbino 

J.  Larmor 
F.  Schlesinger 
H.  Poincar6  . 
H.  VeiUon      . 

W.  Voigt 


Lord  Rayleigh 
W.  Voigt 


Thbobbtioal  Papebs,  1898. 

Der  beiden  Parametergleicbnngen 
der  Spectralanalyse. 


Ueber  ein  einfache  Interpolations- 
formel  fiir  das  prismatiscbe  Spec- 
tnun.  (*Pabl.  d.  Astropbys. 
Observat.  zu  Potsdam/  xii.  25  pp.) 

Th6orie  et  applications  d'une 
noavelle  m^tbode  de  spectroscopie 
interf^rentielle.    (Jan.) 

Sulla  relazione  tra  il  fenomeno  di 
Zeeman  e  la  rotazione  magnetica 
anomala  del  piano  de  polarizza- 
zione  della  luce.    (Read  Feb.  5.) 

L'aspect  actnel  de  la  loi  de  Kirch- 
hoff.    (Feb.) 

Application  of  Sellmeief  s  Djrnami- 
c^  Theory  to  the  Dark  Lines,  D„ 
Dy  produced  by  Sodium  Vapour. 
(Feb.) 

Sulla  dipendenzatra  11  fenomeno  di 
Zeeman  e  le  altri  modificazioni 
che  la  luoe  subisce  dai  vapori 
metallici  in  un  campo  magnetico. 
(Read  March  5.) 

On  the  Origin  of  Magneto-optic 
Rotation.    (Read  March  6.) 

Reduction  to  the  Sun  of  Observa- 
tions for  Motion  in  the  Line  of 
Sight.    (Feb.) 

La  th6orie  de  Lorentz  et  le  pheno* 
m^ne  de  Zeeman.    (April.) 

Ele  men  tare  geometrische  Behand- 
lungdes  Minimumsder  Ablenkung 
beim  Prisma.    (May.) 

Weiteres  zur  Theorie  des  Zeeman- 
efiFectes.    (June.) 

Zur  Erklarung  der  unter  gewissen 
Umstiinden  eintretenden  Ver- 
breiterung  und  Umkehrung  der 
Spectrallinien.    (July.) 

The  Theory  of  Anomalous  Disper- 
sion.   (July.) 

Bemerkung  iiber  die  bei  dem 
Zeeman*schen  Phanomen  statt- 
findenden  Intensitatsverhalt- 
nisse.    (Sept.) 


*  Math.  u.  naturwiss.  Ber. 
aus  Uogam,*  xvi.  1-50 ; 
*  Beiblfttter,*  xxiv.  1280- 
1281  (Abs.) 

'Astropbys.  J.' viii.  218- 
222. 


•  Ann.  Chim.  et  Phys.*  [7], 
xvi.  1 15-144; « Beibiatter/ 
xxiv.  178-180  (Abs.) 

•  Rend.  R.  Accad.d.  Lincei ' 
[6],  viii.  L' 116-121;  'Il 
Nuovo  Cimento*  [4],ix. 
384-389. 

*Rev.  g6n.  des  Sciences/ 
X.  102-116. 

*Phil.Mag.'[5],xlvii.302- 
308 ;  '  Science  Abstr.'  ii. 
6.S8;  'Astropbys.  J.'  ix. 
231-236. 

•  Atti  R.  Accad.  d.  Lincei  * 
[6],  viii.  L  250-254; 
•  Science  Abstr.'  ii.  661- 
662. 


*Proc.  Phil/  Soc.  Oamb.* 
X.  181-182; 'Nature/ lix. 
527  (Abs.) 

♦Astrophj's.  J.*  ix.  159- 
161;  'Science  Abstr.*  ii. 
728. 

'  L^clairage  ^lectrique,* 
xix.  ■  5-16;  'Science 
Abstr.'  ii.  737. 

♦  Zeitschr.  f.  phys.  u. 
chem.  Unterr.*  xii.  160- 
152;  'Beiblatter/  xxii. 
552  (Abs.) 

'Ann.  Phys.  n.  Chem.' 
[N.F.],  Ixviii.  .352-864; 
»  Science  Abstr.'  ii.  662. 

'Ann.  Phys.  u.  Chem.' 
[ir.F.].  Ixviii.  604-606; 
'  Science  Abstr.'  ii.  737  - 
738. 

'Phil.  Mag.'  [5],  xlviii. 
151-152;  '  Beiblatter,' 
xxiii.  983  (Abs.) 

'Ann.  Phys.  u.  Chem.* 
[N.F.].  Ixix.  290-296; 
*  Science  Abstr.'  ii.  822 
(Abs.) 
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Thbobbtical  Papebs,  1898,  1900. 


H.  A.  Lorentz 
W.  A.  Michelson 

A.  de  Gramont 
E.  Biecke 

W.  W.  CampbeU 

H.  Lehmann  . 
E.  V.  Capps  . 

M.  Planck      . 
f>  • 

G.  J.  W.  Bremer 
C.  Viola 


Zur  Theorie 
(Oct.) 


des  Zeemaneffectes. 


I 


Zur  Frage  uber  die  richtige  An- 
wendung  des  Doppler*8chen  Prin- 
zips.    (In  Russian.) 


1900. 

Sur  quelques  cons6qnences  des 
formulas  du  prisme.  (Read  Feb. 
12.) 

ZurkinetikderSerienschwingungen 
eines  Linienspectrums.    (Feb.) 


The  Determination  of  the  Moon*s 
Theoretical  Spectrographic  Velo- 
city.   (March.) 

Ueber  Spectralapparate  mit  dreh- 
barem  Gitter.    (July.) 

Bestimmung  des  Spaltwerthes  fiir 
spectrophotometrische  Messungen. 
(Sept.) 

Ueber  eine  Verbesserung  der  Wien  '- 
schen  Spectralgleichung.  (Read 
Oct.  19.) 

JjuT  Theorie  des  Gesetzes  der 
Energievertbeilung  im  Normal- 
spectrum.    (Read  Dec.  14.) 

Indices  de  refraction  des  solutions 
du  chlorure  de  calcium. 

Le  deviazioni  mlnime  della  luce 
mediante  prismi  di  sostanze 
anisotrope. 


•  Phys.  Zeitschr.'  i.  39-41 ; 
*  Beiblatter/  xxiv.  930- 
931  (Abs.) 

*J.  Rubs.  Phys.  Chem. 
Soc'  xxxi.  119-125 ; 
'  Beiblatter,*  xxiv.  261- 
253  (Abs.) 


*C.  R.'  cxxx.  403-406; 
*Beiblatter;  xxiv.  450 
(Abs.) 

*  Ann.  der  Phys.'  [4]  i.  399- 
413 ;  *  Science  Abstr.' 
iii.  308 ;  *  PhysikaL 
Zeitschr.'  ii.  107-108. 

•Astrophys.  J.'  xi.  141- 
142;  *  Beiblfttter/  xxiv. 
784,  785  (Abs.) 

'  Zeitschr.  f .  Instrumenten- 
kunde,'  xx.  193-204. 

*  Physikal.  Zeitschr.*  i. 
558-660. 

*  Verb.  Deutsch.  phys. 
Gesellsch.'  [2],  iL  202- 
204. 

*  Verb.  Deutsch.  phys. 
GeseUsch.'  [2],  ii.  237- 
245 ;  *  Science  Abstr.'  iv. 
230. 

*Arch.  n6erland.'  [2],  v. 
208-213;  *  Science  Abstr.' 
iv.  363. 

*  Rend.  R.  Accad.d.  Lincei  ' 

[5],ix.  I.  196-204. 


Lid  of  the  Chief  Abbreviations  used  in  the  above  Catalogue, 


Abbreviated  Title. 
Amer.  J.  Sci. 
Ann.  Agron. 
Ann.  Chem.  u.  Pharm. 
Ann.  Chim.  et  Phys. 
Ann.  de  Chim.    . 
Ann.  Obs.  Bruxelles 
Ann.  Phys.  u.  Chem.  [N.F.] 

Arch,  de  Geneve 

Arch.  f.  Anat  u.  Physiol. 


Arch.     f.     d. 
Physiol. 


gesammte 


Full  Title. 
American  Journal  of  Science  (Silliman's). 
Annales  Agronomiques. 
Annalen  der  Chemie  und  Pharmacie  (Liebig). 
Annales  de  Chimie  et  de  Physique. 
Annales  de  Chimie. 

Annuaire  de  TObservatoire  de  Bruxelles. 
Annalen    der    Fhysik    und    Chemie    [Neae    Felge] 

(Wiedemann). 
Archives  des  Sciences  Physiques  et  NatureUes  (Geneve). 
Archiv   fiir  pathol<^8che  Anatomie  und  Physiologie 

und  fiir  klinische  Medicin  (Virchow). 
Archiv  fur  die  gesammte  Physiologie  (Pfliiger). 
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Abbreviated  TiUe. 
Arob.  f.  exper.  Pathol,  n. 

Pharmakol. 
Aroh.  n^erland  . 

Astr.  Kacbr. 

Astropbys.  J.  .  .  . 
Atti  d.  R.  Acoad.  d.  Linoei 
Beiblatter  .... 

Ber 

Bied.  Centr. 

Bot.  ZeitoBg 

Bull.  Astron. 

Bull.  Soc.  Chim. 

Bull.  Soc.  Min.  de  France 

Bull.  Acad.  Belg. 

Cbem.  Centr. 

C.  R 

Denkscbr.  Akad.  Wien. 


Bingl.  J 

Gazz.  cbim.  ital. 
Gott.  Naohr. 

Handl.  Svensk.  Vet.  Akad. 

Jahrb.  f .  Pbotogr. 
J.  Cbem.  Soc.     . 
J.  dePbyg. 

J.  Pbysiol 

J.  prakt.  Chem. . 

J.  Rum.  Pbys.-Chem.  Soa 

J.  Soc.  Cbera.  Ind. 
J.  Soc.  fran<j.  de  Pbys. 
Math.  u.  naturwiss.     Ber. 

aus  Ungam. 
Mem.  gpettr.  ital.       .        • 
Monateb.  Akad.  Berl. 

Monatsb.  f .  Cbem. 
Month.  Not.  R.A.S.    . 

Ocfvcrs.  af  K.  Vet.  Akad. 
Forb. 

Phil  Mag 

Phil.  Trans. 

Phot.  Mittheil.  . 
*  Pbys.  Review  . 
Pbys.  Revue 
Proc.  Pbys.  Soc. . 
Proc.  Roy.  Jnst. . 
Proc.  Roy.  Soc.  . 
Rec.  des  trav.  cbim.    des 

Pays-Bas. 
Rend.  R.  Accad.  d.  Lincei 
Rev.  g6n.  des  6ci. 

Ri7. 8cl.  industr.        •       • 


Full  Title. 
Archiv  filr  experlmentelle  Patbologie  and  Phannako- 

logie. 
Archives  n^erlandaises  des  Sciences  exactes  et  natn- 

relles  (Haarlem). 
Astronomische  Nachricbten. 
The  Astropbysical  Journal  (Chicago). 
Atti  della  Reale  Aocademia  dei  Lincei. 
BeiblAtter  zn  den  Annalen  der  Physik  nnd  Cbemie 

(Wiedemann). 
Berichte  der  deutscben  cbemiscben  Gesellsobaft. 
Biedermann's  Centralblatt  fiir  Agricolturcbemie. 
Botanische  Zeitung. 

Bulletin  Astronomkjue  (Observatoire  de  Paris). 
Bulletin  de  la  Soci^t6  Chimique  de  Paris. 
Bulletin  de  la  Soci6t6  Min6ralogique  de  France. 
Bulletin  de  l'Acad6mie  royale  des  Sciences,  des  Lettres 

et  des  Beaux- Arte  de  Belgique. 
Chemiscbes  Centralblatt. 

Comptes  Rendus  de  PAcad^mie  des  Sciences  (Paris). 
Denkscbriften  der  Akademie  der  Wissenscbaften  in 

Wien        (  Blatbematiscb  -  natur  wissenscbaftliche 

Classe). 
Dingler's  polytecbnisohes  Journal. 
Gazzetta  chimica  italiana. 
Nachricbten  von  der  Georg-August-Universit&t  und  der 

konigl.  Gesellschaf  tder  Wissenscbaften  (Gottingen). 
Handlingar  K.  Svenska  Vetenskaps  Akademiens  (Stock- 
holm). 
Jabrbuch  fflr  Photograpbie  (Eder). 
Journal  of  the  Chemical  Society  of  London. 
Journal  de  Physique. 
Journal  of  Physiology. 
Journal  fiir  praktischo  Chemic. 
Journal  of  the  Russian  Physico-Chemical  Society  (in 

Russian). 
Journal  of  the  Society  of  Chemical  Industry. 
Journal  de  la  Society  fran^aise  de  Physique. 
Mathematische   and   naturwissensobaftUche  Berichte 

aus  Ungam. 
Memorie  della  Society  degli  Spettrosoopisti  itallani. 
Monatsbericbte  der  Akademie  der  Wissenscbaften  zu 

Berlin. 
Monatsbefte  fiir  Chemie  (Wien). 
Monthly  Notices  of  the  Royal  Astronomical  Society  of 

London. 
Oef versigt  af  K.  Svenska  Vetenskaps  Akademiens  For- 

handlingar. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 
Philosophical  Transactions  of  the  Royal   Society  of 

London. 
Photographische  Mittheilungen  (Vogel). 
Physical  Review. 
Pbysikaliscbe  Revue. 

Proceedings  of  the  Physical  Society  of  London. 
Proceedings  of  the  Royal  Institution  of  Great  Britain. 
Proceedings  of  the  Royal  Society  of  London. 
Recueil  des  travaux  chimiques  des  Pays-Bas. 

Rendiconti  della  Reale  Acc^demia  dei  Lincei. 

Revue   g^n^ralo    des   Sciences   pures    et    appliqu^es 

(Paris). 
Rivista  scientifico-industriale. 
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Abbreviated  Title.  Full  Title. 

SitzuDgsb.  Akad.  Berl.       .  Sitzungsberichte  der  Akademie  der  Wissenschaften  zu 

Berlin. 

Sitzungsb.  Akad.  Miinchen  SitzuDgsberichte  der  koniglich  baierischcn  Akademie 

za  Miinchen. 

Sitznngsb.  Akad.  Wien.     .  Sitzungsberichte  der  Akademie  der  Wissenscbaften  za 

Wien. 

Sitzungsb.  phys.-med.  See.  SitznngBberichte  der  phys.-medicinisohen  SocietUt  zu 

Erlangen.  Erlangen. 

Skand.  Arch.  f.  Physiol.    .  Skandinaviscbes  Archiv  ffir  Physiologie  (Leipzig). 

Verb.      phys.      Gesellsch.  Verhandlungen    der   physikalischen    Gesellsc^t    zu 

Berlin.  Berlin. 

Versl.    d.  K.  Akad.  Wet.  Verslagen  van  de  Eoninklijke  Akademie  van  Weten- 

Amsterdam.  schappen  te  Amsterdam. 

Wien.  Anz.         .                .  Anzeiger  der  k.  Akademie  der  Wissenscbaften  zu  Wien. 

Zeitscbr.  f.  anal.  Chem.      .  Zeitschrift  fiir  analytiscbe  Cbemie. 

Zeitschr.  f.  anorg.  Chem.  .  Zeitschrift  fflr  anorganische  Cbemie. 

Zeitscbr.  f.  Eryst.  n.  Min. .  Zeitschrift  fiir  Erystallograpbie  nnd  Mineralogie. 

Zeitscbr.  f.  phy^ikal.  Chem.  Zeitschrift  fiir  physikaliscbe  Cbemie. 

Zeitscbr.  f.  pbys.  n.  chem.  Zeitschrift  fiir  physikalischen  und  cbemiBohen  Unter- 

Unterr.  richt. 

Zeitscbr.  f.  pbysiol.  Chem.  Zeitschrift  fiir  pbysiologlscbe  Cbemie. 

Zeitscbr.   f .  wiss.    Micro-  Zeitschrift  fiir  wissenscbaftlicbe  Microscopic. 

scopie. 


Absorption  Spectra  and  Ch(yinical  Constitution  of  Organic  Svhstances. — 
Third  Interim  Report  of  the  Committee^  consisting  of  Professor  W. 
Noel  Hartley  (Chairman  and  Secretary),  Professor  P.  R.  Jafp, 
Professor  J.  J.  Dobbie,  and  Mr.  Alexander  Lauder,  appointed 
to  i7ivestigate  the  Relation  between  the  Absorption  Spectra  and 
Chemical  Constitution  of  Organic  Substanx^es. 

Appendix. — LUt  cf  Absorption  Spectra  investigated page  226 

The  Committee  decided  to  report  this  year  upon  the  examination  of 
isomeric  cyanogen  compounds.  The  preparation  of  some  of  these  sub- 
stances in  a  state  of  purity  had  proved  to  be  an  exceedingly  tedious  piece 
of  work,  but  the  labour  bestowed  has  been  fully  justified  by  the  results 
obtained. 

A  further  contribution  to  studies  in  tautomerism  has  been  completed 
by  an  examination  of  the  absorption  spectra  of  dibenzoylmethane  and 
a-oxybenzalacetophenone  (a-hydroxybenzylidene  acetophenone). 

Some  work  on  the  subject  of  dyes  and  the  examination  of  phloro- 
glucinol  and  its  derivatives  has  also  occupied  much  attention  ;  this  work 
is,  however,  not  yet  quite  so  complete  as  to  admit  of  it  being  embodied 
in  this  report.  The  Committee  desire  to  be  reappointed  for  the  purpose 
of  completing  the  work  now  in  progress. 

The  Absorption  Spectra  of  Cyanogen  Compounds,  By  Walter  Noel 
Hartley,  F,B,S.f  James  J.  Dobbie,  D^Sc,  M,A.^  and  Alexander 
Lauder,  B.Sc,^ 

The  following  investigation  was  undertaken  with  the  view  of  ascer- 
taining whether  by  an  examination  of  the  absorption  spectra  of  the 
cyanogen  compounds  it  might  be  possible  to  throw  some  light  upon  the 

>  Trans.  Chem.  Sdc,  1901,  79,  p.  848. 
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vexed  question  of  the  constitution  of  these  substanoes.  Some  of  the 
substances  of  a  simple  constitution  belonging  to  this  group  had  been 
previously  examined. 

W.  A.  Miller  and  also  L.  Soret  proved  the  transparency  of  hydrocyanic 
acid  and  the  cyanides,^  and  Hartley,  independently,  found  that  hydrocyanic 
acid  is  a  remarkably  diactinic  substance  which  exhibits  no  trace  of 
selective  absorption.^  Oyanuric  acid,  owing  to  difficulties  in  its  exami- 
nation,  arising  out  of  its  sparing  solubility  and  the  necessity  for  examining 
warm  solutions,  at  first  appeared  to  give  evidence  of  selective  absorption. 
It  was  subsequently  proved,  however,  that  there  was  no  absorption  band 
even  in  layers  of  liquid  200  mm.  thick,  but  that  the  rays  between  wave* 
lengths  3380  and  2572 — that  is,  to  where  the  spectrum  was  sharply  cut 
oflf— were  only  ffiehij  transmitted.' 

In  the  present  research  some  derivatives  of  cyanic  acid  have  been 
included,  but  attention  has  been  directed  chiefly  to  cyanurio  acid,  melam« 
ine,  and  their  respective  alkyl  derivatives. 

The  derivatives  of  cyanic  acid  which  were  examined  are  highly 
diactinic  and  show  only  general  absorption. 

Cyanuric  acid  is  commonly  represented  as  a  closed  chain  compound 
in  which  the  chain  is  formed  of  alternate  atoms  of  carbon  and  nitrogen 
united  by  alternate  double  and  single  bonds  (Formula  I.),  and  a  similar 
structure  is  assigned  to  the  methyl  ester  (methyl  cyanurate  ;  m.p.  135''), 
which  is  obtained  from  oyanuric  chloride  by  the  action  of  sodium 
methylate.  The  methyl  ester  (methyl  iso-cyanurate,  methyl  tricarbimide ; 
m.p.  175°),  on  the  other  hand,  which  is  prepared  by  the  distillation  of 
potassium  cyanate  with  potassium  methyl  sulphate,  is  represented  as  a 
derivative  of  iso-cyanuric  acid  (Formula  II.),  which  contains  three  keto< 
groups  and  has  the  carbon  and  nitrogen  atoms  united  by  single  bonds 
only.  In  this  ester  the  alkyl  radicals  are  directly  united  to  the  nitrogen 
atoms. 

Formula  I.  Formula  IT. 

HO.C :  N.C.OH  OO.NH.CO 

I         II  II 

N :  C.N  HK.CO.NH 

I 
OH 

Qyannric  acid.  Iso-cyanuric  acid  or 

^  tricarbimide. 


Pyridine  and  dimethylpyrazine,  in  which  there  are  carbon  and  nitrogen 
atoms  united  by  alternate  double  and  single  bonds,  exhibit  strong  and 
persistent  absorption  bands,  the  selective  absorption  being  more  pro-r 
nounced  in  dimethylpyrazine,^  which  contains  two  nitrogen  atoms,  than 
in  pyridine,  which  contains  only  one.  It  was  therefore  to  be  expected 
that  substances  possessing  the  constitution  assigned  to  normal  cyanurio 
acid  and  its  esters  would  likewise  exhibit  marked  selective  absorption, 
and  that  even  to  a  greater  extent  than  dimethylpyrazine. 

On  the  other  hand  it  was  to  be  anticipated  that  the  alkyl  derivatives 

*  PHI  Trans,,  1862,  k>.  861-887 ;  J.  Chem.  Soc,,  vol.  U.  p.  68  ;  Aroh,  des  Sciences 
PAy«.,  Geneva,  61, 1878. 

»  Trans.  Chem.  Sao.,  1882,  41,  p.  45.  '  Proc  Chem.  Soc,  1899, 15,  p.  46. 

*  Trans,  Ch^m,  Soc,  1900,  77,  846. 
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of  iso-cyannric  acid  (Formula  II.)  would  behave  like  piperidine  and  other 
bodies  composed  of  a  closed  chain  of  singly  linked  carbon  atoms  or  of 
carbon  and  nitrogen,  where  one  or  more  carbons  are  replaced  by  nitrogen 
atoms,  and  which  exhibit  general  absorption  only.  All  the  cyanuric 
compounds,  however,  which  we  have  examined  show  only  general  absorp- 
tion, and  give  no  indication  of  the  presence  of  absorption  bands. 

This  result  is  what  was  anticipated  in  the  case  of  derivatives  of  iso- 
cyanuric  acid  ;  but  so  tar  as  cyanuric  acid  and  its  esters  are  concerned  it 
is  remarkable — especially  when  considered  in  connection  with  the  fact 
that  no  strict  experimental  evidence  has  yet  been  advanced  in  support  of 
the  commonly  received  structural  formula  for  cyanuric  acid.  Methyl  cyan- 
urate  (ra.p  135°)  yields  on  saponification  with  alkalies  cyanuric  acid  and 
methyl  alcohol.  It  is  therefore  regarded  as  the  ester  of  normal  cyanuric  acid 
(Formula  I.),  a  conclusion  which  is  supported  by  its  method  of  formation 
from  sodium  methylate  and  cyanuric  chloride.  Trimetbylcarblmide 
(m.p.  175°),  on  the  other  hand,  yields  methylamine  on  treatment  with 
alkalies,  and  is  therefore  regarded  as  a  derivative  of  iso-cyanuric  acid 
(Formula  II.).  It  is  generally  admitted,  however,  that  chemical  evidence 
of  this  kind  and  in  such  cases  is  frequently  unreliable.^ 

In  this  instance  the  spectrographic  examination  confirms  the  result 
arrived  at  on  purely  chemical  grounds.  The  spectra  of  methyl  cyanarate 
(m.p.  135^)  bear  a  close  resemblance  to  those  of  cyanuric  acid,  the 
absorption  being  somewhat  greater  owing  to  the  replacement  of  three 
hydrogen  atoms  by  three  methyl  groups.  On  the  other  hand  the  spectra 
of  trimethylcarbimide  (m.p.  175°),  notwithstanding  a  similar  replacement 
of  hydrogen  by  methyl  groups,  show  considerably  less  absorption  of  the 
more  refningible  rays. 

Melamine  and  its  esters  show  only  general  absorption,  the  amount 
being  somewhat  greater  than  in  the  case  of  cyanuric  acid.  Melamine  is 
regarded  as  the  triamide  of  normal  cyanuric  acid  (Formula  I.). 

NHj  NH 

I  II 

N.C  :  N  HN.C.NH 

II  I  II 

H2N.C.N  :  C.NH2  HN=C.N.C=NH 


A 


Melamine  or  Tso-melamine  or 

cyanurtriamide.  Iso-cyanurtriimide. 

The  triethyl  ester  (ra.p.  74°),  which  is  obtained  by  the  action  of 
ethylamine  on  cyanuric  chloride,  is,  from  its  method  of  formation,  con- 
sidered to  be  a  derivative  of  melamine  ;  the  ethyl  derivative  (m.p.  92°),  on 
the  other  hand,  which  is  prepared  by  the  desulphurisation  of  thiourea,  is 
regarded  as  a  derivative  of  iso-melamine.  Here  again  the  results  of  the 
spectrographic  investigation  are  in  accord  with  the  conclusions  arrived  at 
on  chemical  evidence.  The  spectra  of  melamine  and  the  triethyl  ester 
(m.p.  74°)  are  almost  identical,  while  the  general  absorption  exhibited 
bv  the  spectra  of  the  isomeric  ester  is  considerably  less. 

The  general  result  of  the  examination  of  these  bodies  is  in  complete 

>  Goldschmidt  and  Meissler,  Ber.,  1890,  »8,  263;  A.  Michael.  J.  pr.  (Jhem.  [ii.], 
1885,  37,  613 ;  Hartley  and  Uobbife,  Trans,  (Th^.  8d6,,  1899,  W,  640. 
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agreement  with  the  views  now  generally  held  as  to  their  relationship  with 
one  another.  But,  as  already  observed,  the  absence  of  selective  absorp- 
tion is  not  in  harmony  with  the  constitution  of  cyanuric  acid  when  it  is 
represented  by  a  formula  so  closely  analogous  to  that  of  pyridine  and 
still  more  closely  to  that  of  dimethylpyrazine.  On  this  account  it  may 
fairly  be  considered  as  very  doubtful  whether  the  constitution  of  cyanuric 
acid  ia  rightly  understood. 

The  Absorption  Spectra  of  Dihenzoyl  Metlmne  and  a-Oxybenaalcuieiophenone, 

These  two  substances  are  related  to  each  other  in  the  same  manner 
as  Knorr's  dibenzoyl  succinicesters  examined  by  Hartley  and  DobbieJ 
Their  constitution  is  represented  by  the  following  formulas : — 

CfiHs.CO  CfiH,.CO 


k 


:Hj  ch 

I  II 

CsH^-CO  C«H,.COH 

Dibenr^ylmethane  a-  Ozy  beDzalacetopheoone 

m.p.  77-78*  m.p.  77-78° 

(a-Hydroxybenzjlidene  acetophenone) 

The  enolic  form  is,  in  this  case,  the  more  stable  of  the  two,  the  keto 
form  in  solution  passing  rapidly  into  the  enolic  form  on  the  addition  of  an 
acid.  It  is  the  reverse  with  the  dibenzoylsuccinic  esters  ;  the  enolic  ester 
passes  into  the  keto  form  spontaneously. 

As  the  study  of  cases  of  this  kind  is  of  particular  interest,  and  but 
few  have  been  examined.  Miss  Alice  E.  Smith,  B.Sc,  of  the  University 
College  of  North  Wales,  Bangor,  kindly  undertook,  at  the  request  of  the 
committee,  to  investigate  the  absorption  spectra  of  these  substances. 
Mr.  R.  D.  Abell,  B.Sc,  1851  Exhibition  Scholar  of  the  University 
College  of  North  Wales,  Bangor,  was  good  enough  to  supply  pure 
specimens  of  these  substances  for  examination. 

Dibenzoylmetliane  (OgHa.CO.CHa.CO.CfjH^).  —  The  preparation  of 
dibenzoylmethane  may  be  divided  into  the  following  stages  : — 

(1)  The  preparation  of  benzalacetophenone  from  benzaldehyde  and 
acetophenone.^ 

(2)  Preparation  of  dibrom benzalacetophenone  from  benzalaceto- 
phenone.*^ 

(3)  Preparation  of  monobrorabenzalacetophenone  from  dibrombenzal- 
acetophenone."* 

(4)  Preparation  of  dibenzoylmethane  from  monobrombenzalaceto- 
phenone. 

a-oxyhenzalaceloplienone  (C6H5.CO.CH  :C(OH).C6H5)  (or  a-Hydroxy- 
benzylidene  acetophenone). — This  substance  was  prepared  by  Baeyer  and 
Perkin  by  heating  dibenzoylacetic  ester  with  water.*  The  method  of 
acting  with  sodium  ethoxide  or  metallic  sodium  on  a  mixture  of  ethyl 
benzoate  and  acetophenone  employed  in  the  present  case  has  been  de- 
scribed by  Claisen.® 

^  Trant.  Chem,  Soc,  1900,  77,  498. 
«  Ber.,  20.  665 ;  14,  2464 ;  29. 1492.  «  Ann.,  808,  323. 

*  Ann.,  808,  226.  »  Ber.,  16.  2134 ;  Chem.  Sdo,  Ti'ant.,  47,  250. 

«  Ber..  201,  656 ;  Ann.,  201,  b2. 
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The  method  employed  in  photographing  the  speotra  has  already  been 
described.^ 

It  will  be  seen  from  the  accompanying  curves  that  the  relation 
existing  between  the  two  bodies  is  similar  to  that  which  exists  between 
Knorr's  o-  and  /3-dibenzoylsuccinic  esters.      Both  the  substances  show 


Curve*  of  Moleoular  V%bration», — Dibenzoylmethane»  Ketonlc, 
a-Ozybenzalacetophenone  (a-HydrozybenzylideDO  aceto* 
phenone),  Enolio. 

well  marked  absorption  bands,  and  the  amount  of  general  absorption 
caused  by  the  enolic  form  is,  as  in  the  case  of  Knorr's  esters,  considerably 
greater  than  that  caused  by  the  keto  form.  In  this  case  the  gradual 
change  of  the  less  stable  into  the  more  stable  form  has  been  traced  by 
photographing  the  acidified  solution  at  intervals. 

1^  Tram,  Chem,  8oo.,  1885,  47,  685. 
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CeH5.C0 
Dibenzoyl  Methane  CHj 

The  Ketonic  Form       CcHg.CO 


Thicknesfl 

of  Layer 

1 

of  Liaaid 
in  Mnii- 

Description  of  Speotrum 

^ 

metres 

1  milifframme  Mol  in  100  c.o.  Alcohol 

6 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2624 

8810 

4 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2624 

3810 

8 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2701 

3702 

2 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2760 

3623 

1  MiUifframme  Mol.  in  6C 

K)  C.C,  Aleohol 

5 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2786 

3689 

4 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2871 

3483 

3 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2965 

3372 

2 

Spectrum  continuous  to 
Complete  absorption  beyond. 

3067 

8271 

1  Milligramme  Mol  in  2,1 

500  C.C.  Alcohol 

5 

Spectrum  continuous  to    '  . 
Complete  absorption  beyond. 

3067 

3271 

4 

Spectrum  continuous  to  . 

3057 

3271 

Absorption  hand      .... 

3057  to  S555 

3971  to  2S12 

Strong   rays    transmitted   from 

3556  to 

3873 

2681 

Ahiorption  band      .        •        .        • 

3S73  to  ^6 

25$1  to  23S2 

Weak  spectrum  from  4306  to 

4400 

2272 

Complete  absorption  beyond. 

8 

Spectrum  continuous  to      • 

3141 

3183 

Abiorption  band      .        .        •        • 

3i41  to  3463 

3183  to  2$S6 

Spectrum  continuous  to 

3911 

2556 

Absorption  band      .... 

3911  to  4306 

S556  to  2382 

Spectrum  continuous  from  4306  to 

4400 

2272 

Complete  absorption  beyond. 

2 

Spectrum  continuous  to 

Strong  rays  partially  transmitted 

3176 

8149 

from  3176  to     .... 

3381 

2957 

Spectrum  continuous  from  3381  to 

3911 

2566 

Strong  rays  partially  transmitted 

from  3911  to    ...        . 

4306 

2322 

Spectrum  continuous  from  4306  to 

4400 

2272 

Weak  spectrum  from  4400. 

1 

Spectrum  continuous  .        .        • 

*— 

— 
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C«H,.CO 


a-OxybenzcUacetophenone  OH 

{a-HydroQcyhenzylidene  acetophenone)  \\ 

The  Enolic  Form  C6H5.C(OII) 


Thickness 

1 

1 

of  Layer 

1 

1 

of  Inqnid 
in  Milli- 

Description of  Spectrum 

\ 

X 

metres 

1  Milligramme  Mol.  in  100  c.c.  AlooIioL 

1 

5 

Spectrum  continuous  to  <      . 
CJomplete  absorption  beyondi 

2545 

3929 

4 

Same  as  5  mm.     .... 

— 

3 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2552 

3918 

2 

Same  as  3  mm 

— 

1  Milligramme  Mol.  in  500  c.c.  AlcoJwl. 

5 

Spectrum  continuous  to 
Complete  absorption  beyond. 

2591 

3859 

4 

Same  as  6  mm.    .... 

— 

-*- 

3 

Spectrum  continuous  to     -  .     •  . 
Complete  absorption  beyond. 

2G24 

3810 

2 

Spectrum  continuous  to 

Complete   absorption   beyond, 
except  for    the  feeble   trans- 

2624 

3810 

mission  of  strong  lines  at 

3555 

2812 

And  at 

3626 

2758 

1  Milligramme  Mol.  in  2,( 

500  c.a.  Alcohol. 

5 

Spectrum  continuous  to 

2624 

3810 

Abiorption  hamd 

SCi4  to  346i 

3$iO  to  2SS9 

Strong  rays  partially  transmitted 

from  3461  to    .        .        . 

3677 

2719 

Absorption  bafid      .... 

3077  to  4306 

2719  to  2322 

Weak  spectrum  from  4306  to 

4400 

2272 

Complete  absorption  beyond. 

4 

Spectrum  continuous  to 

2624 

3810 

Absorption  band      .... 

2624  to  32S0 

3^10  to  304$ 

Spectrum  continuous  from  3280  to 

3805 

2628 

Absorption  band      .... 

3^05  to  4306 

262S  to  2322 

Spectrum  continuous  from  4306  to 

4400 

2272 

Complete  absorption  beyond. 

3 

Spectrum  continuous  to 

2701 

3702 

Absorption  band      .... 

S70i  to  3260 

3702  to  3067 

Spectrum  continuous  from  3260  to 

3866 

2586 

Absorption  band      .... 

3S66  to  493ff 

25S6  to  234$ 

Spectrum  continuous  from  4258  to 

4400 

2272 

Complete  absorption   beyond, 

except  for  the  feeble  transmis- 

sion of  lines  at         . 

4539 

2203 

And 

4646 

2153 

2 

Spectrum  continuous  to 

2760 

3623 

Absorption  band      .... 

2760  to  5/5P 

3623  to  3i$5 

Spectrum  continuous  from  31 39  to 

3905 

25G0 
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Thickness 

of  Layer 

1 

of  Liquid 
in  Milli- 

Description of  Spectrum 

"x 

X 

metres 

Absorption  band      .... 

3903  to  4iOO 

S560  to  S439 

Speotnim  oontiDaonB  from  ilOO  to 

4400 

2272 

Strong  rays  feebly  transmitted 

beyond. 

1 

Spectrum  continaoos  to 
Strong  lines   transmitted   from 

2871 

3483 

2871  to 

8180 

3194 

Spectrum  continuous  from  3130  to 

3906 

2660 

Strong   lines  transmitted  from 

3905  to 

4100 

2439 

Spectrum  continuous  beyX)nd. 

Transmission  of  a  continuous 

spectrum  on  further  dilution  of 

the  solution. 

The  Absorption  Spectra  of  Indophenole  and  Dyes  derived  from  Triphenylmeihane, 

As  much  work  has  recently  been  published  on  the  relationship  between 
the  constitution  of  dyes  and  their  absorption  spectra,  abstracts  of  the 
more  important  of  these  memoirs  are  given,  accompanied  by  remarks  on 
the  conclusions  drawn  from  previous  examinations  of  triphenylmethane 
derivatives. 

KeUUion  entre  la  constitution  chimigue  dea  colorants  du  triplidnylmithane 
et  lea  spectres  d^absorption  de  leurs  solutions  aqueuses,  Note  de  M.  P. 
Lemoult.* 

The  examination  of  the  absorption  spectra  of  a  large  number  of 
artificial  colouring  matters  was  made  in  the  hope  of  finding  some  cha- 
racteristic belonging  to  each  of  the  principal  groups  which  enter  into  their 
constitution,  but  up  to  the  present  the  study  of  such  colours  as  are 
derived  from  triphenylmethane  has  led  to  nothing  more  than  a  demon- 
stration of  some  connection  between  the  position  of  the  luminous  bands 
of  these  spectra  and  the  constitution  of  the  pitxlucts  examined.  All  the 
solutions  were  so  made  that  a  gramme-molecule  of  the  dye  was  contained  in 
1,000  litres  of  water,  the  thickness  of  liquid  being  variable.  The  follow- 
ing were  the  substances  investigated  : — 


1.  Malachite  green. 

10.  Phenyl  blue,  or  phenylated 

2.  Brilliant  green. 

blue. 

3.  Sulpho-green  J. 

11.  Methyl  green. 

4.  Sulpho-green  B. 

12.  Hexamethylated  violet. 

5.  Green  o-nitro. 

13.  Hexethylated  violet. 

6.  Green  m-nitro. 

14.  Formyl  violet. 

7.  Solid  green  with  alkali. 

15.  Acid  violet  10  B. 

8.  Carmine  blue. 

16.  Benzyldiphenylamine  violet. 

9.  Victoria  blue. 

17.  Benzylated  violet. 

Comptes  Hendus,  vol.  cxzzi.  1900,  p.  839 
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The  nature  of  the  substitutions  in  the  three  benzene  nuclei  is  explained 
by  the  author.  Observed  in  thickness  of  6  mm.  some  of  the  substances 
show  simply  a  band  of  transmitted  rays  in  the  red,  others  are  also  in  the 
violet  of  much  larger  extent.  The  red  band  is  much  more  persistent, 
and  apparently  is  characteristic  of  the  triphenylmethane  group  of  sub- 
stances and  not  of  the  individual  members  of  this  group.  The  band  in 
the  red  belonging  to  the  greens  and  blues,  Nos.  1  to  11,  is  narrower  than 
in  the  remaining  colours,  which  are  violet — namely,  Nos.  12  to  17. 

Note. — The  formulas  given  by  Nietzki  for  some  of  the  dye-stuffs 
examined  are  the  following  :*- 

1.  Malachite  green, 
C6H,C=[CeH4N(CH3)J, 

OH       ' 


2.  Brtlliant  green. 
C6H,C=[CeH,N(C,H,)J, 

m 


0.  Victoria  blue  B. 

C'  I  \ 

(CH,)sN-C6H4/    ^ 1     CI 

11.  Methyl  green, 

/C8H4N(CH,),CHaa 
(CH3)jN-C6H,-C< 

X!sH4N(CH,) 

l\a 

12,  Hexametkylated  violet, 

I 1/^ 

[(CH3),N.C8H,],=C-C6H4N(OH,), 

18.  Hexethylated  violet, 

A  similar  formula  with  C2H5  substituted  for  CHj. 

The  author's  summary  is  as  follows  : — The  colours  derived  from  tri- 
phenylmethane, which  have  in  general  at  least  two  atoms  of  tertiary 
nitrogen  in  the  joara-position  relative  to  the  central  carbon  atom,  yield 
aqueous  solutions  in  which  the  absorption  spectrum  transmits  a  band  of 
rays  in  the  red.  The  middle  of  this  band  is  always  situated  at  approxi- 
mately the  wave-length  686  in  those  compounds  which  have  no  more 
than  two  tertiary  nitrogen  groups.  The  position  is  invariable,  but 
different  for  those  which  include  a  third  tertiary  nitrogen  group,  and  lies 
about  wave-length  666. 
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Sur  Vabsorption  de  la  lumihre  par  Us  indophinoh    By  P.  Bayrac  and 

C.  Camichel.^ 

The  indophenols  with  tertiary  nitrogen,  prepared  by  one  of  the 
authors,  were  studied,  and  it  was  found  that  when  dissolved  in  the 
same  solvent,  as,  for  instance,  alcohol,  they  presented  an  analogous 
spectrum  in  every  case.  They  are  characterised  by  a  band  in  the  red. 
Lemoult  studied  a  series  of  indophenols  obtained  by  the  oxidation  of 
mixtures  of  /^-phenylenediamine  and  phenol  or  o-cresol,  which  have  in 
the  |x»ra-poBition  the  nitrogen  atom  which  unites  the  two  benzene  nuclei. 
The  nitrogen  in  this  case  is  primary  and  not  tertiary.  The  substances 
are  said  to  have  a  band  in  the  red  which  is  shifted  from  the  position 
characteristic  of  indophenols  containing  tertiary  nitrogen.  The  authors 
state  that  there  may  be  displacement  of  the  band,  but  it  has  no  definite 
direction ;  and  the  experiments  of  Lemoult  do  not  show  that  it  has.  The 
method  of  measuring  adopted  by  Lemoult  is  to  take  the  mean  of  the 
micrometer  readings  between  either  edge  of  the  band.  It  is  remarked 
that  the  extreme  i^Bading  at  the  extremity  of  least  refrangible  rays  is  not 
the  end  of  the  band,  but  merely  the  limit  of  visible  rays,  and  that  this  is 
variable  according  to  the  brilliancy  of  the  spectrum.  They  give  reasons 
for  this  statement  which  are  capable  of  verification,  and  also  for  the 
explanation  that  there  appears  to  be  a  displacement,  but  the  band  really 
terminates  in  the  infra-mi. 

Sur  les  spectres  cPabsorption  des  indophenols  et  des  colorants  du 
triphdnylmithane.    By  C.  Camighbl  and  P.  Bayrac.^ 

The  indophenols  with  the  tertiary  nitrogen  are  much  more  absorbent 
than  those  with  the  primary  nitrogen  when  the  two  are  compared  in 
solutions  containinff  molecular  proportions ;  but  the  fact  is  that  as  the 
less  refrangible  end  of  the  band  visible  in  the  red  lies  in  the  infra-red 
there  can  be  no  increased  width  visible  in  this  direction,  and  the  rays  on 
the  other  side  being  more  freely  transmitted  it  appears  as  if  the  band 
had  been  shifted  towards  the  more  refrangible  rays.  This  having  been 
demonstrated  with  the  two  kinds  of  indophenols,  it  was  thought  desirable 
to  study  the  triphenylmethane  derivatives — malachite  green,  sulpho- 
green  J,  hexamethylene  violet  crystals,  and  methyl  green.  The  result 
was  jast  the  same ;  only  one  extremity  of  the  band  of  red  ray^  lies  within 
the  region  of  visibility.  The  conclusion  is  that  the  law  of  auxochromes 
has  not  been  demonstrated  in  the  case  of  triphenylmethane  derivatives 
nor  of  indophenols.  The  number  of  tertiary  nitrogens  in  the  molecule 
is  the  factor  which  increases  the  absorbent  power  of  the  substance,  just 
as  the  substitution  of  (CH3)3  for  H3  in  indophenols,  or  vice  versd,  renders 
the  substance  more  or  less  powerfully  absorbent.  The  authors  state  that 
they  have  studied  the  influence  of  concentration  upon  alcoholic  solutions 
of  indophenols  and  on  aqueous  solutions  of  those  colouring  matters  derived 
from  triphenylmethane.  They  have  found  that  the  coefficient  of  absorp- 
tion is  proportional  to  the  concentration  of  the  solution. 

Note. — ^The  nature  of  the  indophenols  is  indicated  by  the  following 
formulae  and  reactions,  the  notes  being  taken  from  Bemthsen's  *  Organic 
Chemistry '  and  Witt's  original  papers.^ 

*  QmptesBendui,  vol.  cxzzii.  1901,  p.  338.         '  IHd,^  cxzzii.  1901,  p.  485. 
*  Berichte,  16,  2843,  and  IS,  2912. 
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IndophenoU,    By  Otto  Witt. 
Phenol  blue  (indo-aniline) — 

/CeH,.N(CH3), 

XJeH^.O 


is  produced  by  the  oxidation  of  amidodimethylaniline  with  phenol. 
Its  analogue,  a-naphthol  blue, 

^CeH,.N(CH3), 

^1 

is  prepared  by  means  of  naphthol.  Such  compounds  exchange  N(CH3)2 
for  OH  when  boiled  with  a  solution  of  NaOH  ;  thus,  from  phenol  blue 
there  results  indophenol  (quinonephenolimide) 

/C6H,.0H 

I 

a  phenolic  dye  which  dissolves  in  alcohol  to  a  red  and  in  alkali  to  a  blue 
solution. 

It  may  be  obtained  also  by  the  action  of  phenol  upon  quinone  chlori- 
mide. 

/O  /O 

Mcl  ^N-C6H40H 

/OeH,.OH 
_N<  +HC1 

-     N^eH^.O 


It  may  be  obtained  also  by  the  oxidation  of  ;?-amidophenol  with 
phenol.  Its  leuco-conipound  is  jo-dihydroxydiphenylamine,  NH(CeH4.0H)2, 
a  substance  which  unites  in  itself  the  properties  of  diphenylamine  and 
a  diatomic  phenol. 

Sar  la  hi  des  auxochromes.     By  M.  P.  Lemoult.^ 

In  a  recent  note  MM.  Camichel  and  Bayrac  having  expressed  the 
opinion  that  the  law  of  auxochromes  has  no  further  application  to  the 
compounds  of  triphenylmethanethan  tothe  indophenols,  the  author  believes 
that  this  statement  is  not  sufficiently  justified,  having  regard  to  hia 
observations  on  four  different  colouring  matters,  namely  : — 

First  group  (with  2   1  No.  1.  Oxalate  of  tetramethyldiamidotripbenyl  carbinol. 
tertiary  nitrogens)  J  No.  2.  Sulphate  of  tetrethyldiamidotriphenyl  carbinol. 

No.  3.  Chlorhydrate  of  hexethyltriamidotripbenyl  carbinol. 
•  No.  4.  Dimethyldiethyldibenzyltriamidotriphenyl    carbinol 
sodium  disnlphonate. 


Second  group  (with  3 
tertiary  nitrogens) 


Compter  Hindus,  cxzxii.  p.  784,  March  25, 1901. 
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Solutions  were  made  of  such  a  strength  that  1  gramme-molecule  waa 
contained  in  1,000  litres  of  water.  Photographs  of  the  transmitted  rays 
were  taken  through  a  constant  thickness  with  a  constant  exposure  and 
exactly  the  same  development.  The  photographs  reproduced  in  the  paper 
are  explained  in  the  text.  They  exhibit  a  luminous  band  in  the  red 
which  in  respect  to  substances  1  and  2  is  the  same  in  intensity  and  posi- 
tion. In  substances  3  and  4  it  is  more  luminous  and  slightly  broader, 
and  the  luminous  band  of  No.  3  lies  rather  more  towards  the  less  re- 
frangible rays  than  No.  4.  Wave-length  measurements  are  not  given, 
but  numbere  on  an  arbitrary  scale  are  recorded.  On  diluting  these 
solutions,  the  change  in  the  spectrum  is  seen  to  be  a  decrease  of  the 
intensity  of  the  absorption  bands  more  on  the  side  of  the  rays  of  greater 
refrangibility  than  on  the  other.  The  author  proposes  to  enunciate 
definitely  the  law  of  auxochromes  in  a  future  paper. 

Note. — That  there  is  apparently  a  decrease  in  the  intensity  of  the 
absorption  bands  more  in  the  direction  of  the  rays  of  shorter  wave-length 
is  due  undoubtedly  in  the  first  instance  to  the  property  of  the  prism,  there 
being  greater  dispersion  of  the  more  refrangible  rays. 

Nouvelle  iriethode  permeitant  de  charactdriaer  lea  matieree  colorantes* 
By  MM.  CAMicnEL  and  Bayrac.^ 

The  absorption  of  light  by  solutions  of  indophenols  in  alcohol,  ether 
carbon  disulphide,  and  chloroform  has  been  studied  by  taking  as  abscissa 
the  wave-lengths  and  as  ordinates  the  coefficients  of  transmission. 
Curves  have  been  obtained  of  parabolic  form,  of  which  the  convexity  is 
turned  from  the  side  of  the  axis  of  the  abscissae.  That  portion  of  the 
curve  corresponding  to  the  transmitted  red  rays  ascends  much  more 
rapidly  than  that  which  corresponds  to  the  green  or  the  blue.  The 
minimum  position  of  the  ordinate  lies  between  the  wave-lengths  610  and 
535  according  to  the  nature  of  the  indophenol  and  its  solvent.  In  order 
to  characterise  each  of  the  substances  studied,  the  lowest  point  of  the 
curve  was  determined — that  is  to  say,  its  minimum  of  transmission  or  of 
greatest  absorption.  This  is  determined  with  precision  by  cutting  the 
curve  with  a  series  of  lines  or  chords  lying  parallel  to  the  axis  of  the 
abscissse.  The  conjugate  diameter  of  these  chords,  obtained  by  joining 
points  at  the  middle  of  each  line,  is  rectilinear  in  a  sufficiently  large 
interval  lying  between  wave-lengths  670  and  510  ;  in  such  a  case,  for 
example,  as  that  of  an  alcoholic  solution  of  indophenol  and  of  orthocresol 
with  two  tertiary  nitrogens.  The  minimum  of  transparency  (maximum 
of  absorption)  is  independent  of  the  concentration  of  the  solution  for  all 
substances  of  which  the  absorption  coefficient  is  proportional  to  the  degree 
of  concentration,  according  to  the  law  of  Beer.  It  varies  with  the  solvent 
according  to  a  law  which  is  not  that  indicated  by  Kundt. 

Two  series  of  indophenols  have  been  studied  ;  those  of  Series  A  have 
two  tertiary  nitrogens,  the  simplest  of  which  is  indophenol  of  ordinary 
phenol. 


^^=N-CcH,-N(CH3)2. 

The  others  (Series  B)  have  the  second  tertiary  nitroj^en  replaced  by 
*  Comptes  Rendvs^  czxxii.  p.  882,  April  9,  1901. 
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a  primary  nitrogen,  the  simplest  of  which  is  the  indophenol  of  ordinary 
phenol. 


>=N-CeH,-NH2. 


Table  of  the  indopkenola  studied. 


Series  A, 

Sdfntf*  B, 

1. 

Indophenol 

of  phenol. 

1'. 

Indophenol  of  phenol. 

2. 

»» 

orthocre0ol. 

2'. 

}i 

orthocresol. 

3. 

>f 

metacresol. 

3'. 

M 

metacresol. 

4. 

i> 

paraxylenol. 

4'. 

» 

paiaxylenol. 

5. 

i> 

orthoethylphenol. 

5'. 

»t 

orthoethylphenol. 

6. 

f» 

metaisopropylphenol. 

6'. 

»» 

metaethylphenol. 

7. 

»» 

thymol. 

V, 

*l 

thymol. 

8. 

» 

carvacrol. 

8'. 

jt 

carvacrol. 

9. 

j> 

cymophenol. 

9'. 

»» 

cymophenol  a. 

10. 

»» 

phenol  a  of  the  para- 
ethyltoluene. 

10'. 

»» 

phenol  a  of  the  paia- 
ethyltoloeno. 

11'. 

«l 

orthoxylenol  (1.  2,  3). 

12'. 

)t 

metaxylenol  (1,  2,  3) 

a.  The  displacement  of  the  minimum  of  transparency  (maximum  of 
absorption)  under  the  effect  of  a  solvent  is  shown  by  the  following 
numbers  representing  divisions  of  the  micrometer  eyepiece.  The  substance 
was  No.  1. 


AlcohoL 
120 


Ether. 
169 


Carbon  distilphide. 
147 


Chloroform. 
128 


The  rays  observed  with  the  spectrophotometer  gave  the  following 
measurements : — 


Solar  A.    7-0 

B.  49-5 

Li  60-5 

Solar  C.  72-6 


Ca^ 


rist  104 

"■l  2nd  104 
Solar  D 1    138 
D2    139 


Tl  220 

Solar  E  235 


h.  When  the  tertiary  nitrogen  had  been  replaced  by  a  primary  nitro- 
gen the  following  numbers  were  obtained  : — 


Solvent,  alcohol. 

1.  120 

2.  136 

3.  122 

r. 

2'. 
3'. 

142                 displacement  +  22 
162                                         +  26 
142                                         +  20 

c.  By  the  introduction  of  the  following  alkyl  radicals  into  the  ortho- 
position,  the  displacements  shown  below  were  measured  : — 

CH3,    C2H5,    CH<g]^3,   CH2-CH2-CH3. 


1.  120  2.  136 
3.  122  4.  134 
7.  117    9.  136 


Solvent,  alcohol. 


displacement  + 

+ 
+ 


16 
12 
19 


Substitution  of  CHg 
CH, 
CH, 
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A  similar  series  of  experiments  was  made  on  substitution  in  the  meta^ 
position)  the  results  being  as  follows  : — 


1.  120    3.  122 

2.  136    4.  134 


displacement  +  2 


BubBtitution  of  OH, 
CH, 


Concltmons. — a.  When  a  tertiary  nitrogen  is  replaced  by  a  primary 
nitrogen,  the  minimum  of  transparency  (maximum  of  absorption)  is  dis- 
placed towards  the  more  refrangible  end  of  the  spectrum,  whatever  the 
solvent  may  be — alcohol,  ether,  carbon  disulphide,  or  chloroform. 

It  is  remarked  that  this  law  differs  entirely  from  that  indicated  by 
M.  Lemoult,  who  studied  the  apparent  displacement  of  the  band  of  red 
rays  transmitted  by  indophenols. 

b.  Substitution  in  the  or^-position  in  the  phenol  from  which  the 
indophenol  is  derived  causes  a  considerable  displacement  of  the  minimum 
of  transparency  (maximum  of  absorption),  whatever  the  solvent  may  be. 
This  displacement  may  even  exceed  the  foregoing  in  degree.  The  im- 
portance of  substitution  is  thus  evident ;  the  auxochromio  groups  are  not 
the  only  ones  to  modify  the  nature  of  the  dye. 

c,  A  substitution  in  the  m^to-position  in  the  phenol  from  which  the 
indophenol  is  derived  causes  a  very  alight  displacement  of  the  minimum 
of  transparency  towards  the  red  or  towards  the  blue ;  the  shifting  is 
often  so  slight  as  not  to  exceed  experimental  errors  in  measurement. 

The  preceding  two  laws,  the  authors  remark,  enable  the  formula  of  a 
phenol  to  be  determined ;  it  is  converted  into  the  indophenol  with  a 
primary  or  a  tertiary  nitrogen,  and  the  alcoholic  solution  is  then  examined. 
Only  an  extremely  small  quantity  of  the  substance  Ls  required. 

Note. — Hartley  has  shown  *  the  relationship  of  the  absorption  spectra 
of  benzene  and  triphenylmethane  to  the  colouring  matters  derived  there- 
from by  means  of  curves  of  molecular  vibrations. 

No  matter  what  their  colour  may  be,  a  band  of  red  rays  is  transmitted 
with  greater  persistency  than  the  rays  in  any  other  part  of  the  spectrum, 
and  ^t  these  red  rays  are  materiaUy  modified  by  the  introduction  of 
alkyl  radicals  into  the  NH^  groups  of  the  rosaniline  molecule,  as  in 
methyl- violet,  and  they  are  more  modified  by  the  presence  of  iodine,  as  in 
iodine  green. 

To  illustrate  this  the  following  measurements  of  the  transmitted  red 
rays  in  solutions  at  different  dilutions  and  of  different  thicknesses  are 
stated  both  in  wave-lengths  and  oscillation  frequencies.  The  fiducial 
lines  in  the  solar  spectrum  are  also  given  as  useful  for  reference. 


1 

i 

1 

\ 

A 

1314 

7604 

E 

1897 

5269 

B 

1456 

6867 

F 

2056 

4860 

C 

1523 

6562 

G 

2321 

4307 

D 

.1696 

5892 

« 

2519 

3967 

^  Chem,  Soe,  Tram.,  vol.  li.  1887,  p.  152 ;  see  also  the  report  of  this  Committee, 
1899,  p.  31. 
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Rosaniline  Base. 


Thick- 
nesB 


Rays  transmitted 

1 
A 

X 

Mean 


0-301  gr.  or  1  Milligramme-molecule  in  100  c.c.  of  Alcohol. 

684-5 


659-5 


MM. 

20 

139  to  153 

719  to  650 

4 

to  166 

to  600 

1 

to  166 

to  600 

1  Milligramme-molecule  in  500  c.c. 
to  166  to  600  I 


1  Milligramme  molecule  in  12,500  c.c, 
139  to  137  !  719  to  662  I 


640-5 


Thick- 
ness 


MM. 

20 
5 


Rosaniline  Hydrochloride, 


Rays  transmitted 


Mean 


0-3375  gr.  or  1  Milligramme-molecule  in  100  c.c.  of  Water. 


139  to  149 
to  167 


719  to  669 
to  636 


1  Milligramme-molecvU  in  500  r.r. 


to  160 
to  lUG 


to  COO 
to  600 


1  Milligramme-molecule  in  12,500  c.c. 


to  174 

to  177 

139  to  177 


to 

572 

to 

562 

719  to 

562 

694 
677-3 


659-5 
659-5 


640-5 
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Thick- 
ness 


Methyl  Violet, 


Rays  transmitted 


Mean 


0  416  ffr.  or  I  Milligramme-violecule  in  100  c.a 

flf  Alcohol. 

xu. 

1 

25 

139 

719 

— 

20 

lh9  to  145 

719  to  686 

702-5 

5 

to  149 

to  670 

694-5 

1 

139  to  1C3 

719  to  650 

679  5 

1  MillUframme-vwleouU  in  500  c.c. 

5 

139  to  153 

719  to  650 

__ 

4 

to  156 

to  639 



2 

to  158 

to  632 

— 

1 

139  to  160 

719  to  624 

659-5 

1  Milligramme-molecule  in  12,500  of  AlcoM. 

5 

139  to  166 

719  to  600 

._ 

4 

to  166 

to  600 

— 

3 

139  to  168 

719  to  598 

658-5 

Thick- 
ness 


MM. 

20 

10 

5 

4 


Iodine  Green. 


Hays  transmitted 


Mean 


0672  gr.  or  1  Milligramme-molecule  in  100  ex.  of  Water. 


133  to  139 

to  139 

133  lo  131) 


749  to  719 

to  719 

749  to  719 


1  Milligramme- molecule  in  500  o.e. 


133  to  144 

to  147 

to  148 

to  149 

133  to  151 


749  to  694 
to  680 
to  675 
to  669 

749  to  GGO 


1  Milligramme-molecule  in  2,500  c.^. 


133  to  151 
133  to  151 


749  to  660 
749  to  650 


721-i 


7045 


6995 
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Aurine, 


Thick- 
ness 


Bays  transmitted 


1 


Mean 


0*29  gr,  or  1  MiUigramme-moleoule  in  100  c.c.  of  Water. 


MM. 

60 

30 

15 

10 

5 

4 

3 

2 

1 


139  to  153 

719  to  650 

to  166 

to  600 

to  166 

to  600 

to  166 

to  600 

to  177 

to  562 

to  177 

to  562 

to  181 

to  550 

to  183 

to  546 

139  to  188 

719  to  530 

659-5 


624-5 


1  Milligramme'moleoule  in  500  c.c. 


139  to  188 
to  192 
to  193 
to  195 

139  to  198 


719  to  530 
to  520 
to  516 
to  511 

719  to  504 


1  MilUgrammemoleoule  in  2,500  o.c. 


139  to  198 

to  202 

139  to  206 


719  to  504 

to  494 

719  to  484 


611-6 


601-6 


It  may  here  be  remarked  that  in  the  diagram  given  in  the  '  Trans. 
Chem.  Soc'  vol.  li.  1887,  pp.  152-202,  of  benzene  and  its  derivatives  (1) 
the  relationship  of  the  absorption  curves  to  the  chemical  constitution  of 
these  substances  is  fully  described  ;  (2)  the  band  in  the  red  is  indicated 
on  the  less  refrangible  side  as  not  being  the  termination  of  the  transmitted 
rays,  but  as  the  <  extreme  limit  of  the  visible  spectrum/  and  on  p.  201 
it  is  pointed  out  that '  instances  where  the  light  is  almost  entirely  al^rbed 
are  indicated  by  the  curve  being  continued  by  a  dotted  Ime,  as  in 
rosaniline  hydrochloride,'  and  also  that  <  iodine  green  appeared  to  transmit 
more  of  the  least  refrangible  red  rays  than  the  other  rosaniline  derivatives. 
This  may  have  been  due  to  the  colour  being  favourable  to  viewing  this 
end  of  the  spectrum,  the  more  brilliant  rays  being  absorbed,  and  those 
that  are  feeble  thus  rendered  visible.'  This  observation  has  been  verified 
by  MM.  Bayrac  and  Camichel's  examination  of  other  substances  of  a  similar 
character. 

It  should,  however,  be  distinctly  understood  that  it  is  the  absorption 
bands  which  are  of  prime  importance  in  the  study  of  spectra. 

It  is  the  position  and  width  of  these  which  determine  those  of  the 
transmittent  rays,  and  therefore  greater  attention  should  be  paid  to 
measurements  of  the  bands  of  absorption.  Comparisons  of  spectra 
measured  on  an  arbitrary  scale  are  liable  to  be  very  misleading  when 
deductions  are  drawn  from  them. 

The  apparent  shifting  of  the  band  of  transmitted  rays  in  the  red 
observed  by  Lemoult  is  satisfactorily  shown  by  Bayrac  and  C^Doichel 
to  be  only  apparent,  and  not  a  real  alteration  in  position, 
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The  remark  of  Bayrac  and  Oamicliel  that  indophenols  with  tertiary 
nitrogen  groups  are  much  more  absorbent  than  those  with  primary 
nitrogen  is  only  what  might  be  predicted  from  what  we  know  of  the 
ultra-violet  spectra.  The  homologues  of  benzene,  such  as  toluene,  ethyl- 
benzene,  and  the  xylenes,  are  more  powerfully  absorbent  than  benzene 
itself.  The  tertiary  monamines  trimethylamine  and  triethylamine  are 
more  absorbent  than  the  corresponding  primary  bases.  Moreover,  it  was 
proved  in  the  case  of  dyes  that  in  the  triphenylmethane  derivatives  the 
replacement  of  3H  by  (CHa)3  rendered  the  substance  much  more  power- 
fully absorbent,  methyl  violet  and  rosaniline  hydrochloride  being  a  case 
in  point.  This  is  best  shown  by  the  curves  which  illustrate  the  original 
paper ;  but  it  also  appears  from  the  measurements  which  have  already  been 
quoted,  if  we  consiaer  that  the  red  rays  are  freely  transmitted  by  the 
rosanile  salt  when  even  stronger  solutions  than  those  containing  a  milli- 
gramme-molecule of  substance  in  100  c.c.  The  methyl  derivative 
barely  transmits  any  light  through  25  mm.  of  such  a  solution.  Then, 
again,  the  width  of  Uie  band  transmitted  by  the  methyl  violet  is  narrower. 
'Hie  same  observation  applies  to  iodine  green. 

The  mere  position  of  a  band  of  transmitted  red  rays  cannot  be 
considered  as  indicative  of  a  constitution  similar  to  that  of  the  triphenyl 
methane  derivatives  or  of  the  indophenols  because  many  of  the  diazo- 
colours  show  such  a  band.  The  difference  between  them  lies  in  the  effect 
of  dilution  ;  in  fact  it  is  the  absorption  curves  which  are  of  importance, 
or,  better  still,  the  curves  of  molecular  vibrations.  There  is  a  particular 
curve  for  each  class  of  derivatives,  the  particular  members  of  each  class 
showing  variations  of  the  curve  characteristic  of  the  class.  This  is  more 
marked  in  the  case  of  the  azoben7«ne  and  azonaphthalene  derivatives 
than  it  is  even  in  the  derivatives  of  triphenylmethane,  because  a  larger 
number  of  individual  substances  belonging  to  the  former  class  have  been 
examined  than  of  the  latter.  It  is  quite  evident  that  the  nitrogen  groups 
are  chiefly  concerned  in  the  development  of  the  colours,  and  uie  hydro- 
carbon radicals  appear  to  be  of  comparatively  small  importance  provided 
they  are  of  a  benzenoid  character. 


APPENDIX. 

List  of  Subaicmces    the  Absorption  Spectra  of  tohidi  lutve   been  studied 
connection  tvith  the  Chemical  Constitution  of  Orga/nic  Cofnpounds. 
Note. — The  method  of  indexing  adopted  by  the  Chemical  Society  has  been  followed. 


SubsUnco 


Formula 


Nature  of 
Abrorptiou 


Reference 


Acetic  Acid . 


Acetic  Acid— Ba- 
rimn  salt  of 

Acetic  Acid — So- 
diam  salt  of 
1901. 


CH5COOH 


(CHs.COOJaBa 
CHjCOONa 


Continuous 


Hartley  and  Hunting- 
ton, Phil.  Trans,  I. 
(1879),  257;  Schbnn, 
Wied.  Ann.  6  (New 
Series),  1879,  267. 

Hartley  and  Hunting- 
ton, Phil  Trans.  I. 
(1879),  259. 
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Bnbskanoe 


AcetaJdoxime 


Aoetozime  . 
Acetylene    . 


Acid  Brown— So- 
dium salt  of 

Aoonitine  (from 
Aconitnm  na- 
pellns) 

Aconitine  (Jap- 
aconitine) 

Aconitine  (pseud-) 
(from  Aconitnm 
ferox) 

Aconitine  (foreign) 

Alanine 


Aldehyde  Green 
(A  rosaniline 
derivative) 

Alizarin 


Alizarin 

ester 

AllantoTn 


ethyl 


Alloxan 

AUylic  Alcohol    . 

Amido-azo- ben- 
zene 

Amido  -  azo  -  a  • 
naphthalene 

Ammonium  Hy- 
droxide 


Amylene  (B.P.)  . 
Amylio  Acetate  . 
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Formula 


CH3.CH:N.0H    . 

(CH5)8C:N.OH    . 

CjH)    •        •        •        •        • 

HS05.CioHe.N:N.CioH60H 

a   a 
C55H49NO12 

CeQH8g.N202i 
CSQH45NO12 

? 

CH5.CH(NHa)C00H 


CeH4(CO)aC6Ha(OH)3 

C6H4(CO)aC«H8(OC2H5)j 
C4HeN405   .        .        . 


C5H5OH      .... 
See  under  Ago  Compounds. 
See  under  Ago. 
NH4.OH     .... 


C5    i   .        .        . 
CH5COO.C5H10 . 


Amylio  Alcohol 

Amybo  Butyrate      CsHtCOOCsHjo  . 


Amylic  Formate .     HCOO.CsHjo      . 
Amylic  Propion-     CaHj.COO.CjHio 
ate  I 


Nature  of 
Absorption 


Continuous 


One  band 


Hartley  and  Dobbie, 
Chem.  80c.  Trofu. 
77  (1900),  818. 

Hartley,  Ohem.  8oe, 
Traw.  89  (1881),  158. 


Hartley,   Ohem.    8oe. 
Traw.  51  (1887),  168. 
Selective        Hartley,  PhU.  Tram. 
I      n.  (1885),  471. 


Continuous  ' 


Selective 


Continuous 


Continuous 


J.  L.  Soret,  Archwes 
dea  aciencea  phy- 
aiquea  et  tutturelleSf 
1898  ^rd  Series),  429. 

Vogel,  Ber.  11  (1878), 
1868. 

Vogel,  Ber.  11  (1878), 
1868 ;  Liebermann, 
B0r.  19  (1886),  2887: 
21  (1887),  2527. 

Liebermann,  Ber.  21 
(1887),  2527. 

J.  L.  Soret,  Archives 
dea  aciencea  phy- 
aiquea  et  naturelles, 
1898  (8rd  Series), 
429. 


ELartley,    Ohem.    80c. 
Tran«.  89  (1881),  158. 


Hartley  and  Hnnting- 
tcm,  Phil.  Trams.  1. 
(1879).  257;  Hartley 
and  Dobbie,  Chent, 
8oc.Trana.n(lM0), 
818;  Schdnn,  WiedL 
Arm.  6  (1879),  267. 

Hartley,  OTiem,  8oe, 
!rmn«.89(1881),158 

Hartley  and  Huntinff- 
ton,  PJUl.  Trans.  I. 
(1879),  257. 

Sohonn,  Wied.  Ann.  6 
(New  Series)  (1879), 
267. 

Hartley  and  Hunting- 
ton,  PhU.  Trans,!. 
(1879),  257. 


Digitized  by 


Google 


ON  ABSORPTION  SPECTRA  AND  CHEMICAL  CONSTITUTION.         227 


flabstenee 


Anilme 

Aniline  Bltie 
Antimusene 


Apomorphine  Hy- 
droehloride 

AtropiAe 

AnthraflATic  Add 
(2:6)  — Dioxy 
antiuraquinone 

Anthraflayic  Acid 


MO  -  Anthmflavio 
Acid  (a  :  7)  — 
Dioxyanthra- 
qninooe 

Anthragallol 

Anrin  . 

Anthrarofin 


Abo  Oompounds : 
Amido  -  azo  -  ben- 
zene 
Axnido  -  aso  -  a  - 
naphthalene 


Azo-benzene 

Azo-benzene  di- 
amido  toluene 

o- Azo- toluene-  di- 
amido-benzene 

o- Azo-tolnene-  di- 
amido-tolnene 

p-Azo-tolnene-di- 
amido-benzene 

p-Azo-tolnene-di- 
amido-tolaene 

Benzene-azo  -  fi  - 
naphthol     sol- 

Shonioadd(So- 
iam  Salt) 
Di  •  amido  -  azo  - 
benzene  (Chrys- 
oidin) 

Di  -  amido  -  azo  - 
benzene  snl- 
phooic  acid 


Formula 


CeHjNHa 


CioH,6(CeH5)5N5.HCl 
C14H10 


CnHnNOj^Cl  . 


C17HJ5NO5. 
OH.(SH5(CO)a.CeH3.0H 


C6H50H(CO),C6H5(OH) 


OH.CeH5(CO)2.CeHs.OH     . 


C6H4<g8>C6H(OH5)[l:a:8] 
Ci»HuOs 

C6HU(CO)«CoHa(OH),  [1.5] 


CioHTNiN.CioHeNHa. 


CeHsNiNOeHj     .        . 

^'ICaHj.CHjCNHa 

N->  i  CeH4.CH5 
^«lCeH,.CH5(NH8)2 

jj   fCeHU.CHs 

N«  J  CeH4.CH5 

"8jC6Ha.CH5(NH«), 

CeH5N:N.C,oH4(HS05)20H 

N9|^^5(NH9)2 

N«  i  CoHsCNHo)^ 


Natnxeof 
Absorption 


Selective 


Fonr bands 

Selectiye 
Continnons 

Selectiye 


One  band 


Selective 


Rotenooe 


Hartley  and  Hunting- 
ton, PhU,  TranSt  I. 
(1879),  257;  Paner, 
Wied,Ann.  der  Pkya. 
61  (1807),  868. 

Melde,  Pogg.  Ann,  126 
(1866),  264. 

Hartley,  OTiem.  80c. 
Trams.  89  (1881), 
168. 

HarUey,  PhU.  TroM. 
n.  (1886),  471. 


Libermann  and  Kob* 
taneoki,  Ber.  19 
(1886),2827;Lieber- 
mann,£0r.21(1887), 
2627. 


Hartley,    Chem.    80c. 

Trans.    61     (1887), 

158. 
Libermann   and   Koe- 

taneeki,     Ber.     19 

(1886),  2827. 

Landaner,     Ber.     14 

(1881),  891. 
Hartley,    Ohem.    Soc. 

Trans.     51     (1887), 

158;  Landaner,  BtfT. 

14  (1881),  891. 
Hartley,    Ohem.    80c. 

Trana.  51  (1887),  158. 
Landaner,     Ber.     14 

(1881),  891. 


Hartley,  Ohem.  Soc. 
Trans.  51  (1887), 
158. 

Hartley,    Ohem.    Soc. 

Trans.     51     (1887), 

158;  Landaner,  B^. 

14  (1881),  891. 
Landaner,     Ber.      14 

(1881),  891. 
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Sttbftanoe 


Di-methyl-amido- 
aao-bauene 

Di-meihyl-amido- 
ABo-bensene 
Bolphonio  aoid 

Phenyl  -aso- 
phenyl-^-naph- 
thol  -  Bolphaiiio 
add  (Crooeine 
Scarlet) 

Tri  •  amido  •  azo  • 


REPOBT— 1901. 

APPBNDIX— «NI^. 


Formula 


K,f&&N(CH,),  .       , 

^*(CeH4.80aH 

Ph.N:N.C6H4.NJT.CioH5(H805)OH 
3 


N   fC«H5(NH^2 


Nature  of 
Abtorption 


Selective 


One  band 


Selective 


Befennoa 


Landaner,     Bw,     14 
(1881),  891. 


Hartley,  Chmn,,  8oc, 
TrcvM.  61  (1887), 
168. 


Landaner,     Ber.     14 
(1881),  881. 


B 


Benzene 


.     CeHc 


Beoaene  -  hexa  • 
chloride 

Benaene-methyl . 
Bemene  -  tetra- 

hydro 
Bensoic  Acid 


Bens  -  aldoxime 
(onH-) 

iao  •  Bens  -  aldox- 
ime («^.  aldox- 
ime) 

Bensene-aBO-3- 
naphthol-snl- 
phonic  add 

B^izyl  di^^ienyl- 
amme— violet 

Biebrich  Scarlet 
(Sodiom  Salt) 

Bismarck  Brown 
Triamidoazo- 
bensene 

Bioret . 


Brilliant  Green 

Brom-benzene 
Brucine 


CeHoClfl       .... 

See  Toluene. 
See  onder  T. 

C^5.C00H 

OH.A 
C9H5.C.I1 

n.oh' 

See  onder  Aso  OompouncU. 


C6H4.NH2.N:N.C6H5(NH2>3      . 
C2H5N3O5   ..... 


PhC:{CeH4N(Et)a}2 

OH 

CoHi.Br      . 


Six  bands 


Highly  di- 
actinic 


Selective 


One  band 


C23H20N0O4  +  4H2O 


Selective 
One  band 


Gontinnons 


Selective 


Hartley  and  Hunting- 
ton, PhU,  Tra$u.  U., 
(1879),  867;  Hartley, 
Ohem,  8oe.  Trotw. 
47  (1886).  686;  Hart- 
ley ana  Dobbie, 
Ohem,  8oe,  Tram. 
78(1898),696;Pao6r, 
W%ed.AniuderPhfi9. 
61  (1897),  888. 

Hartley,  Ohem.  8oe. 
Trans.  89  (1881), 
168. 


Hartley  and  Hunting- 
ton, PAO.  Tram.  I. 
(1879),  367. 

Hartley  and  Dobbie, 
OTiem.  800,  Trans. 
77  (1900),  609. 


Lemoult,  Oompt  Betid. 

181  (1900).  889. 
Hartley,   Ohem.   8oe. 

Trans.    61    (1887), 

168. 


J.  L.  Soret,  Archives 
des  sciences  phy- 
siques  et  naUireUes^ 
1898  (8rd  Series), 
429. 

Lemoult,  Compt.  Bend. 
181  (1900),  889. 

Pauer,  Wied.  Ann.  der 
Phys.  CI  (1897),  868, 

Hartley,  Phil.  Trans 
II.  (1885),  471. 
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SnbeteDce 


ito-ButjUo    Ace- 
tate 

tto-Boiylio  Buiy- 

nte 
uo-Bo^Uo    For- 


wo-Botylio  Vale- 

nuAta 
Bntyrio  Aeid 
Batyrio     Add — 

Berimn  gall  of 
Batyiic     Acid— 

Sodium  Mil  of 
•90-Biityxio  Add 


Formula 


CH5COO.C4Hg   . 

C5H7.COO.C4H9. 

HGOO.C4H9 

C5H9OS.C4H9 

CHs,GH,.CH,.COOH 
(CsH7G00)t|Bft  . 

CsH7C00.Na     . 

(CHs)a:CH.COOH 


Cafldne 

CsHxoNA 

Campbor     . 

CioHiflO      . 

Gantpliorio  Add . 
Cane  Sugar  .  . 

CA4(COOH)2 
CwHj,Ou  . 

GlUOOM     . 


o-Ozy-carbanil    . 
Carbon        disol- 

phide 
Carbon        disul- 

phideyaponr 

Carbon        disol- 
phide  fdotion 
Carboslyril. 


Melhyl      Carbo- 

■Wril 
Methyl    pseado- 

CarbosMl 
Cevadine  (Merk's 

Veratrin) 
Chlor-bensene 

Chryaasin   . 


Chrysddine  (Di- 
anudo-azo-ben- 
aene) 

CindkOTixie  sul- 
phate 

Chinoonidine  sul- 
phate 


Nature  of 
Abflorptioii 


Continuous 


CeHx^Oe      .... 

See  under  O. 

CS, 

CbH^NO     .... 

CioH^NO    .... 
C10H9NO    .... 

CmH4bN09(?)      . 

CoH^a     .... 

CeH7(CO)2CaH,(OH)3        . 

See  Amo  Compounds, 

(Ci9BnNsO)t.H3S04 + 8HsO 
(CioH3,N90)3H3S04  -¥  (JH2O 


General 

Highly 
diaotinio 
General 


Highly 
diaSinio 
General 


Selectiye 


One  band 


General 
Selective 


Bcfsronoe 


Hartley  and  Hunting- 
ton, PhU,  Tran$,  U. 
(187»),  M7. 


Hartley,  PM{.  7mm. 

U.  (1886).  471. 
Hartley,  Ohem,   80c, 

Tram.  89  (1881),  1S8 


J,  L.  Soiet,  Archives 
de$  $o%snee$  phy- 
tiques  ei  naiunUeSf 
im  (8rd  Series), 
499. 

Hartley,  Tram,  Ohem, 
80€,  61  (1887),  68. 

J.  L.  Soret,  Archives 
des  sciences  phy- 
siques et  ncUufwleSf 
im  (8rd  Series), 
499.    Also  Hartley. 

Paner,  Wied,  Ann,  der 
Phys.  61  (1897),  868. 

Pauer,  Wiea.  Ann,  der 
Phys,,  61  (1897), 
868. 


Hartley  and  Dobbie, 
Ohem.  80c,  Trans, 
76  (1899),  640. 


Hartley,  Phil.  Trans, 

n.  (1886),  471. 
Pauer,  Wied,  Ann,  der 

Phys.ei{lW!J.W9. 
Libermann  andlloeta- 

neoki,B0r.l9(1886), 

28S7. 


Hartley,  PhU,  Trans, 
n.  (1885),  471. 


Digitized  by 


Google 


230 


BEFORT — 1901. 


Appendix— <»Mi^. 


Substance 


Codeine 

Codeine  di-acetyl 
Corallin 

Cotamine  hydro- 
bromide 

Crooeine  Scarlet 
(Phenyl  -  aso- 
phenyl-/3-naph- 
ihol-8tilphonic 
aoid) 

o-Cresol 


m-Cresol 

p-Cresol 

Cnmeneazo  -  fi  - 
naphthol-disol- 
phonio  aoid 
(Sodium  Salt) 

Cyanin 

Cyanogen — 

Hydrocyanic 

Aoid 
Cyannric  Add 


i»o-Cyannric  Acid 
— Methylic 
ester  of 

Cyannric  Acid— 
Metkylio  ester 
of 

Cjranotio  Chlor- 
ide 


di- Acetyl  Codeine 
a-EthyUc  di-ben- 

soyl  sncoinate 
/9.£thylic  di-ben- 

Eoyl  snooinate 
7-Etiiylic  di-ben- 

zoyl  sncoinate 
Di  -  amido  •  azo  - 

benzene 

(Chrysoidene) 
Di-ethylamine     . 


Digitaline   . 

Diketo    hexame- 
thylene    . 

Di-methyl-amido- 

aso-benzene 
Dimethylamine  . 


Formula 


CiftHaiNOj. 
Oi3Hi,(CaH50)aN05  .        . 

Ci2Hi5N04.HBr-h2HaO     . 
See  under  Ago  Oompounda. 


CflH4(CH5)0H 


CeH4(CH5)OH    .        . 
CflH4(CHs)0H    .        .        . 
C9Hii.N:N.CioH4(HS05),OH^ 


See  under  H. 

CsNsCOH), . 


See  Methyl  uo-cyanurate. 
See  Methyl  cya/nurate. 
C5N3CI5      .        .        .        . 


Nature  of 
Absorption 


Selective 


One  band 


Selective 


General 


D 

See  under  Codeine, 
See  under  E. 

See  under  E. 

See  under  E. 

See  Amo  Compounds. 

NHCC^Hs),.        .        .        . 

Q»H4«0ia  .... 

See  Amo  Oomj^otinde. 
NH(CHJ,  .... 


Bcferencs 


Continuous 


Hartley,  PhiL  Trane. 
n.  (1865),  471. 

Vogel,  Ber.  11  (1878), 

1868. 
Haraey,PWZ.  Trana, 

n.  (1885),  471. 


Hartley,  Chem.  80c, 
Tram.  58  (1888), 
641. 

Hartley,  Shem,  Soe. 
Trans.  51  (1887), 
158. 

Vogel,  J5«-.  11  (1878), 
1868. 


Hartley,  Chem.  80c. 
Trans.  41  {188%),  46; 
Hartley,  Dobbie  and 
Lauder,  Chem,  80c. 
Trwns.  (1901). 


Hartley,  Dobbie  and 
Lauder,  Chem*  80c. 
Tram.  (1901). 


Hartley  and  Hutting- 
ton,  PhU.  Tram. 
I.  (1879),  857. 

Hartley,  Phil.  Tram. 
U.  (1885),  471. 

Hartley  and  Dobbie, 
Chem.  8oe.  Tram, 
(1898),  599. 


Hartley  and  Huntine- 
ton,  Phil.  TrofM.! 
(1879),  967. 
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I 


Sabfltanoe 


Dimethyl     pyra- 
nne 

m  -  Diozyanthra- 
quinone  [1 : 2] 

Dipyridine  . 


Emodin 
Eosin  . 

Etbylamine  88  % 
Eihyl-bensene    . 
Ethylene  Gae 
Ethylic  Alcohol  . 


Fonnnla 


Ethylic  Acetate  . 
Ethylic  Batyzate 
Ethylic  Formate 
Ethylic  leocyan- 
ate 

Ethylic  Propioii- 


EthyUc  Valerate 

Ethylic  ether  of 
o  -  oxycarhanil 
(enolic  fonn, 
B.P.  226«'.a80O) 

Ethylic  ether  of 
o  •  oxycarhanil 
(ketonic  form, 
MJP.  a9«; 

o-Ethylic  dihen- 
soyl  succinate 

jB-Ethylic  diben- 
soyl  eacdnate 

7-Ethylic  diben- 
soyl  succinate 


FaiiBed(8odiQm 
Salt)        .       . 


CaHgNj  . 
CioHicN^  . 
CnHgOs      . 

NHa(C^5) . 
0<^5(C^») 
CH,  .  . 
CjH6.0H     . 


Cm.COO.C2H5 
C5H7COO.C8H5 
rfcOO.CoHj 
CO.N.CaHT 


CaH5.COO.C3H5 

C5H9O4.C2H5 
See  onder  O. 

See  onder  O. 

CjaHajOg    . 

CaaHajOfl    . 
Ca2H«0e     . 


HS05.CioH<,.N:N.C,oH«.OH 
a  a,  fi 


1    Nalareof 
>   Abiorptton 

Befcrenoe 

One  band 

H*rtley  and   Dobbie, 

Ohem.  80c.  Tram. 

77  (1900),  848. 

Selective 

Libermann  and  Kosta- 

necki,B«r.l9(1888), 

2837. 

One  band 

HarUey,   Cham.   80c. 

Tram.    47    (1886), 

686. 

Selective 

Libermann  andKosta- 

necki,B«-.19(1880), 

2837. 

» 

Vogel,B«-.  11  (1878), 
1868;      E.     Voffel, 
Wied.  Ann.  48,  New 

Series  (1891),  449. 

Continnons 

Hartley  and  Hnnting- 
ton,  PhU.  Tram.  I. 

(1879),  267. 

Selective 

If 

Pauer,  Wied.  Ann.  der 

Highly 

Phya.  61  (1897),  886. 
Hartley,   Oh^m.    800. 

diactinic 

Tram.    89     (1881), 

168. 

i> 

Hartley  and  Huntintr* 
ton,  PWZ.  Tram.l. 

1 

(1879),  267;  Schonn, 
Wied.  Ann.  6,  New 

Series  (1879),  267. 

Continnons 

II 
II 

)) 

Hartley,   ]>obbie   and 
Lander,  Ohem.  8oe. 

Tram  (1901). 

)i 

Hartley  and  Hunting- 
ton, PhU.  Tram.  I. 

» 

(1879),  267. 
If 

One  band 

Hartley  and   Dobbie, 

Ohem.  800.  Tram. 

>» 

77  (1900),  498. 
II 

1) 

1 

'  One  band 

HarUey,    Ohem.    80c. 

Tram.  61  (1887),  168. 
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SubsUnoe 


Formula 


Flftvo-purpnrin   .  ICeHjCOH)  ^cq^ACOH). 

I  [1:8:6] 


Fluorescein . 


Flnoresoein — ^De- 

riyatiree  of 
Fonnio  Acid 


Formic     Acid  — 
Barium  Salt  of 
Fachsin 


C30H12O5 


H.COOH 


(HG00)3Ba 
C2oH,9N3.HCl  +  4HaO 


p-Faohstn  .        .  I  C^iq^iCtHB^KOi^ 
Furfuraldehyde  . 


Forfoimmide 
Farfnran 

Glucose 


CI 
C4H3O.COH 


CH:CH^  ' 


.  I  See  under  Carbohydratet. 


Hellanthine  (Tro-  |  H805.CoH4.N:N.C«H4N(CH3)o 
pcBolineO)       .|  (4)  (4)         (1)         ' 

HepUne  .     CtHi^ 

I 
Hezane  C(,H|4  .        .... 

Hexameihylene  .     CoHq^H^      .... 


Hexam  e  t  hylaied 
Violet  (Crys- 
tal Violet) 

Hippuric  Acid     . 


Hofmann's  Violet 
Hydrocyanic  Add 
Hydroquinone 


CI 


I 


(Me3NCflH4)a=C.CoH4.N.Meo 
CpHoNOs     .... 


C2oHie(CH5)jN.aHa  . 
HCN    .... 


Kftture  of 
Abtorptlon 


Selective 


Continuous 


Selective 


j  Continuoua 


Refemice 


I 


Selective 
Continuous 


Selective 
Continuous 


Three  bands 
Continuous 


See  under  Quinone 


m-Hydroxyben.  !  CoH4(OH)COOH, 
zoic  Acid  . 


Selective 


Libermann  and  Kos- 
tanedd,  Ber,  19 
(188«),a887;Lieber- 
mann,B0r.Sl(1887), 
8527. 

KrUss,  Ber,  18  (1885), 
S586;  E.  Vosel, 
Wied,  Ann,  48,  New 
Series  (1891),  449. 

Krfiss;  E.  Vogel,  loe. 
eU. 

Hartley  and  Hunting- 
Ion,  JPAtZ.  Tran9,\ 
(1879),  857. 


Melde,  Pogg,  Ann,  196 
(1805),  964;  Vogel, 
Ber,  11  (1878),  1868. 

Krttss,  Ber,  15  (1889), 
1948. 

Hartley  and  Dobbie, 
Ohem,  80c.  Trcau, 
(1898),  599. 


I 


Hartley,  Ohem,  80c. 
Tram.  51  (1887), 
158. 

Hartley  and  Hunting- 
ton, PhU,  Tran9, 
I.  (1879),  957. 

Hartley  and  Dobbie, 
Chem,  8oe.  Trans. 
77  (1900),  846. 


Lemoult,  Compt,  Bend, 
181  (1900),  889. 

Hartley  and  Hunting- 
ton, PkU,  Trans, 
I.  (1879),  957;  J.  L. 
Soret,  Archives  des 
scienoeaphysiques  et 
tta<iir0Ue9,1898(8rd 
Series),  499. 

Hartley,  Trans.  61 
(1887),  158. 

Hartley,  Trans,  41 
(1883),  45. 

Hartley,  Chem.  8oe. 
Trana.  58  (1888),641. 
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Sabitenoe 


p-Hydroxyben- 

loio  Aoad . 
Hydroxyl  amine 

nydroohloride 

Hyosoyamine 

Hypozanthine 
(Sarcine)  . 


Indigo. 


Indigo  —  Deriva- 

TfttiTet  of 
lodo-bensene 

Iodine  QxeenCTri- 
methyl-ioaanil- 
ine  oi-methyl- 
di.iodide) 

Isatin  . 


MMhyl  Iiatin      . 
MMhyl     psendo- 

iMtin 
IflO  Componnds  . 

lodobensen  e 

Vapour 
lodobensene   So- 

Intion 


Formula 


C«H4(0H)C00H 
NH,(0H).HC1    . 

CitH^NOs  .        . 
C5H4N4O     .        . 


Katare  of 
Abeorptlon 


Selective 

!      Highly 
diaetinio 

,  Coniinnons 

I 

Selective 

i 


Beference 


^'»^*  XNHX^  =  ^\NH/^«^ 


Selective 


CeHjI. 


Foot  bands 


CH5.HN.CeH4VN.CH5 

C    I  ^CHjI 

CH5JIN.C6H,/\CoH3.CH5 

CBH5NO3 Two  band! 


CpHtNOj 
C0H7NO3 


See  under  snbstanoe  to  which  Ibo  i 
mefized. 

cAa 


One  band 
Two  bands 


Selective 
Continnons 


Hartley,   Ohem,   80c. 

TmiM.  68  (1688).641. 
Hartley   and   Dobbie, 

Chenu  Soe.  Tram, 

77  (1900),  818. 
Hartley,  PhU.  Tratu. 

n.  (1888),  471. 
J.  L.  Sor^  Archhe$ 

dea  iciencet  phyti- 

queM   et  naiureUet, 

1808  (8id  Series), 

429. 


Vogel,  Ber,  11  (1878), 
1888;  KrUss,  Ber, 
18  (1886),  S688. 

Krttss,  Ber.  18  (1886), 

8686. 
Paner,  Wied,  Ann,  der 

Phy$,  61  (1897),  868. 

Hartley,  Chem,  80c, 
Trans,  (1887),  168. 

Hartley  and  Dobbie, 
Chem,  Soe.  Trans. 
76  (1809),  640. 


Jap-aconitine      .  (  See  Aoonttine. 
Leucine       .        .  '  CoHisNO,}  . 


Continoons 


Malachite  Green . 


Melamine 


Melamine  —  Tri- 
ethyl  ester  of 


C«H,.C={C«H4N(CH5)2}8. 
OH 

C;N3(NHa)s        .        .        . 


Selective 


ContinnouB 


See  under  Tri-eihyl  melamine. 


J.  L.  Soret,  Archives 
des  sciences  phy- 
siques et  ncUurelleSf 
1808  (8rd  Series), 
499. 


Lemoolt,  Oompi,  Bend, 

181      (1900),     889; 

Vogel,B«r.ll(l878), 

1868. 
Hartley,  Dobbie,  and 

Lander,  Ohem,  Soe. 

Trans.  (1901). 
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iao  ■  Melamine  — 
Tri-ethyl  ester 
of 

Mesitylene  . 

Methylamme88% 


Methylamine  hy- 
drochloride 

Methylic  Alcohol 


Methyl       Carbo- 

strril 
Methyl     peendo- 

Carbostyril 


Methyl  Green 


Methyl  Isatin 
Methyl     paendo- 

Methyl  Pyridine . 
Methylic  Acetate 


Methylic  Alcohol 

Methylic     Bnty- 

rate 
Methylic  Cyann- 

rate(M.P.1860) 

Methylic  Formate 
Methylic     laooy- 


FormoU 


Methyl  Iso-cyann- 
rate(MJ».176°) 

Methylic  Pro- 
pionate 

Methylic  Salicy- 
late 

Methylic  Vale- 
rate 

Methyl  Violet 
[Penta- methyl 
Violet?] 

Morphine    . 

apo-Morphine 
Methvl  Morphine 
Morphine 

cetyl 
Mnrezide 


See  under  Tri-ethyUiao-melamme. 

See  Tri-methyl  Berutene. 
NHACHj) 

CH5.NHa.HCl     .... 

CH5.OH 


See  under  C. 


C6H4.N.MesJieCl 
/ 
Me2.N.C6H4.C-C6H4.NJie2      . 

CI 

See  under  I. 


See  PicoUne. 
CH5.COO.CH5    . 

CH3.OH      . 
C5H7.COO.CH3  . 
CjNsCOCHa),      . 

H.COO.CH3 

CON.CH5   . 

C505N5(CH5)5       . 

C^5.COO.CH5  . 

C6H4(OH).COO.CH5 

C5H9O3.CH3 

Ci»H,4N3(CH3)6HCl 

CnHipNOs .        . 

See  under  A. 
See  Codeine. 

0„H,5(C^50)4N03 

C8H4NH4.N50e 
+  HaO 


Nature  of 
Absorption 


Beferenoe 


Continuous    Hartley  and  Hunting- 
ton, Phil  Traru.  I. 
(1879),  967. 
Highly  di-     Hartley  and   Dobbie, 
actinic  Chem,  8oe,  Trans. 

77  (1900),  818. 
„  Hartley  and  Hunting- 

Um,    Phil.    Tram. 
I      (1879);       Schonn, 
I      Wied.Arm.^(1919U 
967. 


Selectiye 


Continuous 


Highly  di- 

actinic 
Continuous 


Seleotiye 

Continpous 

Selectire 


I  Three  bands 


Lemoult,  Compt.  Bend, 
181  (1900),  m. 


Hartley  and  Hunting- 
ton, PWZ.  Tran$.\ 
(1879),  267. 


Hartley,  Dobbie,  and 
Lander,  Ohem,  80c, 
Tram.  (1901). 

Hartley  and  Hunting- 
ton, PWI.  Trans.  1. 
(1879),  S67. 

Hartley,  Dobbie,  and 
Lauaer,  Ohem,  8oe. 
Trans.  (1901). 


Hartley  and  Hunting- 
ton, PAti.  Trans,  l. 
(1879),  867. 


Vogel,  Ber.  11  (1878), 
1868. 

Hartley,  PAf^  Trans. 
n.  (1886),  471. 


Hartley,  Ohem,  8oe, 
Trans,  61  (1887), 
168. 
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NaphtiuJene 


Naphthalene  Bed 
(Magdala  Bed) 

Naphthalene 
Bed? 

Naphthalene 
amido-aso-a- 

Naioelne 

Narcotine    . 

oxj-Narooiine 

Nicotine 

m-Nitraniline 


p-Nitraniline 
Nitro-bensene 

(Taponr) 
Niiro-bensene 

(aolntion) 
o-Nitrophenol 


pNitrophenol 
Nitroeo  -  diethyl 

aniline 
Nitroao-  dimethyl 

aniline 
Niiroeo-ethylani- 

line 
Nitroeo-iio-bnt  y  1 

NitroflNO  -  methyl 
aniline 

Nitroio  -  prophyl- 
aniline 

Nit  r  080  -  d  i  - 
phenylamine 

Nitroso  -  di  -  me- 
thyl m-ehlor- 
aiuQiiie 

Nitroflo  -  di  -  me- 
thyl -  m  •  brom- 
aiuline 

NitroBO  -  di  -  me- 
thyl-m-iod- ani- 
line 

Nttroflo -ethyl- a- 
naphthylunine 

Nitroso -ethyl -o- 
idloidine 

NitroBO-methyl-o- 
tolnidine 


Natoreof 
Absorption 


N 


CioHa 


C30H2  iNs.H  CI  .H^O 

CsoHqoN4      . 

See  under  Aeo  Compounds 
CasHarNOe. 


CMU35NO7  . 
See  under  O. 
CioHuNj    . 


CeH4(N09).NH2  . 


CflH^CNOjjNHa 
CeHjNOa    . 


CoH4(OH)N02 


CeH4(0H).N0,   .        . 

C6H4(NO)N(CjH5)3    . 

CflH4(NO)N(CH3)j      . 
CeH8N(NO)C>H5 
CeH5N(NO)C4H9 
CaH5N(N0)CH».        . 
CflH5N(NO)C5H7 
(CoH5)jN.NO      .        . 
C6HsCl(N0)N(0Hs)a  . 

CttH5Br(N0)N(CH3)a. 

CeH5l(N0)N(CH3)8    . 

C,oH7N{NO)CjH6  . 
C«H4.CH5JI(N0)C3H5 
CflH4.CH»N(N0)CH5. 


Fonr  bands 


Selective 


Hartley,  Chem,  80c, 
Trans,  89  (1881), 
158;  47  (1886),  685. 

Vogel,  Ber.  11  (1878), 
632. 


ContinnoQB 
Seleotive 
ContinnoQs 
Selective 


'  Hartley,  Phil.  Tram. 
t      U.  (1886),  471. 

I  If 

!  Hartley,  Phil.  Trans. 
I      II.  (1886),  471. 
Hartley  and  Hnntinff- 
ton,  Phil.  Trans.  I. 
(1879),  S67. 

Con^nnons  I  "PsMWjWied.Ann.der 
Phys.  61  (1897),  868. 


Selective  I  Hartley  and  Hunting- 
ton, Pltii.  Trans.l. 
(1897),  257. 

Kock,  WiUd.  Ann.  82 
(1887),  167. 
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Snbitaiioe 


Pormnla 


Octane 


OctyUo  Alcohol  . 
OzAlioAoid(10% 
Bolntion) 

Oxalnrio  Acid 


^--Ozybensoio 
Acid  (see  Soli- 
cyKc  Add) 

m  '  Oxy  •  benzoic 
Add  (1^) 

p  •  Osnr  -  benzoic 

o-Ozy-carbanil    . 


o-OxToarbanil  — 
Etnylio  ether 
of  (enolio  form, 
B.P.225O-280O) 

o-OxTcarbaml  — 
Ethylic  eiher 
of(ketoiiicform, 
M.P.  290J 

Ozy-narcotine 

Ozone . 


CgHu 


I 
COOH 

^\NH?CO.COOH 


CeH4(0H)C00H 

CoH4(OH)COOH 

C«H4(0H)C00H 
CjHftOaN     .        . 


C0H9O2N  . 
CpHgOaN  . 
CjaHajNOg  . 


Paparerine  . 

Penta  •   methyl- 
para-rosaniUne 


Phenanthrene 
Phenol 

Phenyl  Bine 
Phlorizine  . 


PhthaHc  Acid     . 
Piooline  (Methyl 
Pyridine) 

Picric  Acid . 


CgQUjlMO^  *  .  •      '     .  • 

(OH,)N-C.H,-C<^(CH,), 


C^sOH 


G3iH240i( 


C^iCOOUh 


Nature  of 
Abiorptlon 


Refereooe 


ContmnoQB 


Selective 


One  band 


Selective 


Hartley  and  Honting- 
ton,  PkU.  Tram,  I. 
(1879),  M7. 


J.  L.  Soret,  Archiffes 
de$  8cienee$  phy- 
nque$  HnatureUea^ 
9rd  Series  (18W). 
4S9. 

Hartley,  Trans,  Chem, 
80c,  58  (1888),  641. 

BLartley  and  Hunting- 
ton, Phil,  Tram,  I, 
(187y),  957. 


Hartley,  Dobbie  and 
Paliataeas,  Ohem, 
8oc.Tran8,n  (1900), 
889. 


Hartley,  PhU,  Tram, 

TL  (1885),  471. 
Hartley,   Ohem,   8oe, 

Trantf.  89  (1881),  67. 


Selective      Hartley,  P^«I.  Tratu, 
n.  (1885),  471. 


Four  bands 
Selective 


Hartley,  Chem,  80c, 
Tm9U.89(1881),158. 

Hartley  and  Honting- 
ton,  Phil,  Tram,  I. 
(1879),  257;  Schonn, 
Wied.  Ann,  8,  New 
Series  (1879),  967. 

Lemoolt,  Oampt, 

Bend,  181  (1900), 
889. 

Hartley  and  Hnnting- 
ton,  Pha,  Tram,t, 
(1879),  357. 

Hartley,  Ohem,  800, 
Tran«.41(1883),45; 
45  (1885),  685. 

Melde,  Pogg,  Ann. 
196  (1865),  964. 


Digitized  by 


Google 


ON  ABSORPTION  SPECTRA  AND  CHEMICAL  CONSTITUTION.        237 
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I 


Snbstonoe 


Picrotozine 
Pipesidine  . 

Piperine 
PotoMdnm  Cyan- 


Propionic  Acid    . 

Propioiiio  Acid — 
Barium  salt  of 

Propionic  Acid-— 
Sodium  salt  of 

PiopjUo  Alcohol 

Piopjlic  FonnaAe 

Propylio  Propio- 
nate 

Propjlic  Yalera- 
nate 

Porporin 


Porporo-zanthin 


Pynudne  -  di 

msthyl 
Pyridine 


Pyridine  hydro- 
chloride 

Pyridine  2.5  di- 
carbozylic  acid 
(iso  -  dnchome- 
ronicacid) 

Pyrocatechol 


Pyrogallol 


Pypomucic  \i  'd. 
I^rrole     (l'^   i\  ■ 
line) 


FCrmnla 


Nature  of 
Abtorptlon 


I 


C30H34O1S Continnons 

C:^uN 


C17M19NO2  • 
KCNO 


Selective 
Continnoni 


CaH^COOH 


(C2H5COO)3Ba  . 
CjHjCOONa 

C^tOH     .... 

Ha>0.C^7       . 
CaHsCOaCjH,  . 

C4H«0,.C5jH7      . 

C6H4<^>C<^(OH)5+H,0 

[(0H)3  1:2:4] 

CftH4(CO)aCeHs(OH)a[l:8] 

See  under  D. 

C5H5N        .... 


Selective 


One  band 


C5HiN.HCl 
C,H.N(COOH),  . 


CoH,(OH),  . 


CjHjO.COOH 

CH:CIL 

I  >NH 


Selective 


Continuous 


Reference 


Hartley,  PhU,  Tram, 
n.  (1885),  471. 

Hartley,  Chem.  80c 
Tram,  47  (1885)» 
685. 

Hartley,  PhU.  Tram, 
n.  (1885),  471. 

J.  L.  Soret,  Archives 
des  aeUnces  et  ruUu- 
reUes,  8rd  Seriea 
(1898),  429;  Hartiey, 
Dobbie  and  Lauder, 
Chem,  80c,  Trans, 
(1901). 

Hartley  and  Hunting- 
ton, PhU,  Trans.  I, 
(1870),  267. 


Vogel,JB«r.  11  (1878), 
1868 ;  Libermann 
and  Koetanedd,  Ber. 
19  (1886),  2827. 

Libermann  and  Kosta- 
necki,B0r.l9(1886), 
2827. 


Hartley,  Chem.  80c. 
Tran«.47  (1885),  685; 
Hartley  and  Dobbie, 
CJiem.  80c,  Trans. 
77(1900),818;Pauer, 
Wted,  Ann.  der 
Phys.  68  (1897),  868. 

Hartley,  Ohem.  Soc. 
Tram,  47  (1885), 
685. 

Hartley,  Chem.  Soc. 
Trans.  41  (1882),  45. 


Hartley,  Chem,  Soc, 
Tram,  58  (1888), 
641. 

Hartley  and  Hunting- 
ton, PhU.  Tram.l. 
(1879),  267. 
»» 

Hartley  and  Dobbie, 
Chem.  Soc.  Trans. 
(1898),  599. 
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Substance 


Formala 


Nature  of 
Absorption 


Bstoenoe 


Qninidino 

phate 
Qninine 


BUl-    i   (C3oH,4N903)3H3S04  . 


.    i    CyQQH<{4fl2^3  •  • 

Quinine  solphate  |  (C^20^34N2O3)H3SO4    . 
Quinizarin  .        .     CoH4(CO)2CoH«(OH)2 

I  [1  :  *] 


Qninone 


Qoinoline 


Qoinoline  hydro- 
chloride 

Tetra  -  hydro-qoi- 
noline 

Tetra  -  hydro-qni- 
noline  hycuro- 
chloride 


C6H4(OH), 


C9H7N 


C9H7N.HCI 

CgHuN  . 

C»H„N.HC1 


Besorcinol  .        .     CoH4(OH)3  (1  : 


Bosaniline  (base) 


Rosaniline  hydro- 
chloride 
Rosolio  Acid 

Rnfigallic  Acid    . 


Saffranine    . 


Salicylic        Add 
(5  %  solution) 


H,N.C6H4Vc/G^! 
HaN.CeHl/^KOH 


:s(CH,).NHj 


CaoHjoNjCl 
CjoHieOs    . 


CuH,O^OH)e 

[1:2:8:5:6:7] 


/\ 

CI    CeH^.NH., 
CeH4(0H)(C00H)      . 


Selective 


Hartley,  Phil,  Trans, 
n.  (1885),  471. 


Libermann  and  Eosta- 
neoki,B<»'.19(1888), 
2827 ;  liiebermann, 
Ber.  21  (1887),  2527. 

Hartley,  Chem,  80c. 
Trans.  58  (1888), 
641 ;  J.  L.  Soret,  Ar- 
ohivet  dei  sciences 
physiqttss  et  natu- 
reUeSy  8rd  Series 
(1898),  429. 

Hartley,  Chem,  Soe, 
Trans.  41  (1882),  45; 
47  (1885),  685. 


Salicine  .  '  CisHjgOy    .        .        .        . 

SantaUn  C15H14O5     .        .        .        . 

Sarcine  .  ,  See  under  Hypoxyanthine 

Serine.  .     C3H7NO.-,    .        .        .        . 

Sodinm  Carbo-     NajCOj       .        .        .        . 
nate 


One  band 
»i 

Selective 

Three  bands 

Two  bands 
Selective 

Selective 


Continnons 


Hartley,   Chem.    Soc, 

Trans,    68     (1888),  , 

641. 
Hartley,   Chem.    Soe.  ! 

Trans,    61     (1887),  I 

168. 


Kriiss,  Ber.  18  (1885), 

2586. 
Libermann,    Ber.    21 

(1887),  2627. 


Landaner.     Ber. 
(1878),  1772. 


11 


Hartley  and  Hunting- 
ton, Phil,  Trans.  1. 
(1879),  257  ;Haraey, 
Chem.  Soe.  Trans, 
58  (1888),  641. 

Vogel,  Ber!  11  (1878), 
1868. 

J.  L.  Soret,  Archives 
des  sciences  phy- 
siques et  natureUeSf 
8rd  Series  (1898), 
429. 
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SnlMtanoe 


Solanine 
Strychnine  . 


Formula 


Nature  of 
Abeorption 


C53H95NO18  (?) ContmuooB 


CsiHmNsO, 


Selective 


Referenoe 


Hartley,  Phil.  Tram. 
n.  (1885),  471. 


Tetracetyl    mor- 
phine 
I  Teteahydrobensene 


Thebalne 
Thiophene 


Thymol 
Toluene 


o-Toloidine    Hy- 
drochloride 

p-Tolnidine . 
Tri  -  amido  -  aeo- 


Tri-ethylamine    . 


Tri-ethylmelamine 
(M.P.  74») 


See  under  Morphine. 
C^H^Hf 


Cio^aiNOs 

CH:CH 
CH:CH/ 


CeH5(CH5)(C5H7)OH  . 
14        8 


CeH5CH3 


C7H7.NH,.HCl 


C7H7.NH4    • 

See  Ago  Oompounds. 


N(C2H5)5     . 
C5NftH5(CaH5)5 


Tri  -  ethyl  -  mo  -     C5N6H5(CaH5)3 

melamine(M.P. 

92°) 
Tri-methylamine.  i  N(CH5)3 


Tri-methyl    ben-  I  CoHs(CH5)3 
sene  (1:8:5)  < 
(Meeitylene) 


Trimethyl-rosanil- 
ine    di-methyl- 
di-iodide 
I  Triphenylmethane 

Tropoeoline  O 
TropGBoline  000 


Tyroaine 


See  Iodine  Oreen. 


Continuous 
Selective 


Strong 
continuous 


Selective 


Continuous 


Selective 


CH(C6H5)3 

See  Helianthvne.  \ 

No.  1.  OH.CioHc.N:N.C6H4.S03Na   .     One  band 

a  I 

No.  2.  OH.C,8He.N:N.C8H4.S03Na  .  ! 
CoHiiNOs I  Selective 


Hartley    and   Dobbie,  j 
Chem.  80C.   Trans. 
77  (1900),  846. 

Hartley,  PhU.  Trans.  ; 
n.  (1885),  471. 

Hartley   and    Dobbie,  1 
Chem,  80c.   Trans. 
(1898),  699;    Pauer, 
Wied,     Ann.     der 
Phys.  61  (1897),  868. 

Hartley  and  Hunting- 
ton, PhU.  Trans. 
(1879),  I.  257. 

Hartley  and  Hunting- 
ton, Phil.  Trans. 
(1879),  1. 267;  Pauer, 
Wied.  Amu  der 
Phys.  61  (1897),  868. 

Hartley,  Ohem.  80c. 
Trans.  47  (1885), 
685. 


Hartley  and  Hunting- 
ton, Phil.  Trans.  1. 
(1879),  257. 

Hartlev,  Dobbie,  and 
Lauder,  Chem.  80c. 
Trans.  (1901). 


Hartley  and  Hunting- 
ton, Phil.  Trans.  1. 
(1879),  257. 


Hartley,   Chem.    80c 
Trow.  51  (1887),  153. 


Hartley  and  Hunting- 
ton,   PhU.     Trans. 

.  L(1879),  257;  J.  L. 
Soret,  Archives  des 
sciences  physiques 
et  naturelles,  8rd 
Series  (1898),  429. 
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Sabstenoe 


Urea 


Uric  Acid 


:  C0(NHa)2 


CjE^N^Os 
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Formala 


Nature  of 
Absorption 


BeCereooe 


Continuous  I  J.  L.  Soret,  Archives 

des    teiencea    phff- 

I      Hquea  et  natureU^ 

\      Sid    Series    (1(»8), 

{      429;HertleT,2o0.et<. 

Selective  I  J.  L.  Sorei,  toe.  cit,; 
I  Hartley,  Chem,  800, 
I  Tram,  61  (1887), 
I      158. 


Veratrin 
Victoria  Bine 


C32H40NO0 .        .        .        .        . 
Me2-N-C6H4        CioH<rNHJ»h 

""a 


Mej-NCoHj 


'  Selective        Hartley,  PfUl  Trans. 

n.  (1886),  47  I 

'         „  liemxmlifCompLBmuL  < 

181  (1900),  889. 


I 


w 


Distilled  Water 


Xanihine  hydro- 
chloride 


p-Xylene 


m-Xflene 
Xylene 


o-Xyu 


H3O 


C6H4N4O2.HCI 


Highly      I  Hartley  and  Hunting- 
diactinic    !      ton,  Phil  Trans,  L 
(1879),  257. 


Selective      i  J.  L.  Soret,  Archives 


C6H4(CH5)2 Two  bands 

i 

j  CoH4(CH3)2 j  One  band 

j  CoH4(CH3)2 „ 


des    sciences    phy- 

3S  ei  natureUes^ 

Series    (1898), 


429. 

Hartley,  Chenu  Soc 
Trayw.47(1885),685; 
Paner,  Wied,  Amt. 
der  Phys,  61  (1887), 
868. 


The  Methods  far  the  Determinatian  0/ ffydrolf/tic  Dissociation  of  Salt* 
Solutions.    By  R.  C.  Farmer,  Ph.D.,  M.Sc. 
[Ordered  by  the  Coondl  to  be  printed  in  ewtento,'] 

It  is  a  matter  of  common  experienoe  that  many  salts,  although  containing 
equivalent  quantities  of  acid  and  base,  react  acid  or  alk^ne  towards 
indicators  in  aqueous  solution.  If  we  take,  for  instance,  a  salt  such  as 
potassium  cyanide  and  dissolve  it  in  water,  we  find  that,  although  it  con- 
tains the  amount  of  hydrocyanic  acid  theoretically  necessary  to  neutralise 
the  potassium  hydrate,  it  reacts  strongly  alkaline,  thxis  showing  the  pre- 
sence of  free  potassium  hydrate  in  the  solution. 

A  very  superficial  observation  shows  that  the  solution  also  contains 
free  hydrocyanic  acid.  Its  presence  is  indeed  rendered  obvious  by  its 
characteristic  smell.     It  is  therefore  evident  that  the  potassium  cyanide 
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has  nndergone  a  deoomposition  into  free  potassiam  hydrate  and  free 
hydrocyanic  acid 

KCN + HOH^KOH + HON. 

Similarly  we  find  that  other  salts,  as,  for  instance,  ferric  chloride,  react 
acid  in  aqueous  solution. 

Even  Rose,*  who  was  probably  the  first  to  notice  those  phenomena, 
recognised  that  this  was  the  result  of  a  secondary  reaction,  which  was 
brought  about  by  the  water.  An  analogy  was  sought  in  the  decomposition 
of  acid  chlorides  and  the  breaking  up  of  organic  complexes  such  as  saccha- 
rose, in  which  the  elements  of  water  are  taken  up,  and  for  this  reason 
the  name  *  hydrolysis '  was,  rather  unfortunately,  applied  indiscriminately 
to  the  two  phenomena. 

The  nature  of  the  decomposition  formed  the  subject  of  considerable 
discussion,  but  it  was  not  until  Arrhenius  brought  the  theory  of  electro- 
lytic dissociation  to  bear  on  it  that  a  satisfactory  explanation  was  found. 
As  this  theory  is  almost  universally  accepted  at  the  present  time,  it  is  not 
necessary  to  make  more  than  a  passing  reference  to  a  theory  which  at 
one  time  offered  some  opposition  to  that  of  Arrhenius.  This  was  an 
assumption  that  the  salts  in  question  formed  hydrates  in  aqueous  solution, 
and  that  these  hydrates  possessed  acid  or  basic  properties. 

Thus  Werner  ^  attempted  to  explain  the  acid  reaction  of  copper 
chloride  in  aqueous  solution  on  the  assumption  that  it  formed  a  hydrate  of 

the  formula  ni /CTu  ^  tt^q  which  was  acid  in  character.    In  this  way,  of 

course,  it  woida  be  possible  to  account  for  the  acid  or  alkaline  reaction  of 
all  hydrolysed  salts.  Potassium  cyanide  would  form  a  hydrate  of  a  basic 
nature  and  so  on. 

It  is  an  unsatisfactoiy  feature  of  this  theory  that  it  makes  the 
assumption  of  innumerable  hydrates  whose  existence  in  aqueous  solution 
is  still  to  be  proved  ;  but  apart  from  this  it  is  shown  that  the  acid  or  basic 
reaction  is  the  result  of  a  dissociation  and  not  of  a  formation  of  hydrates 
by  the  fact  that  the  acid  and  basic  components  can  be  easily  separated. 
This  separation  can  be  sometimes  effected  by  mere  wanning,  as  in  the 
case  of  iron  or  aluminium  acetate,  in  many  other  cases  by  dialysis. 

In  the  case  of  diphenylamine  hydrochloride  repeated  washing  suffices 
to  completely  remove  the  hydrochloric  acid,  and  in  the  case  of  many 
organic  salts,  as,  for  instance,  sodium  phenolate,  one  of  the  components 
can  be  partially  removed  by  extraction  with  ether. 

In  1890  Arrlienius'  brought  forward  a  simple  explanation  of  the 
hydrolysis  of  salts  on  the  basis  of  the  theory  of  electrolytic  dissociation. 
All  that  was  necessary  in  order  to  bring  the  phenomenon  of  hydrolysis 
into  complete  harmony  with  the  ionic  theory  was  to  consider  water  as  an 
electrolyte,  to  suppose  that  it  is  to  a  slight  extent  dissociated  into 
hydrogen  and  hydroxy  1  ions.  Later  investigations  have  completely  justified 
this  assumption.  Compared  with  the  weakest  of  acids,  the  ionisation  of 
water  is  almost  infioitesimal,  but  it  has  been  determined  with  a  consider- 
able amount  of  accuracy.  Water  consists,  then,  of  a  solution  of  hydrogen 
and  hydroxyl  ions  of  such  a  strength  that  ten  million  litres  of  water 
contain  approximately  one  gram  equivalent  of  free  ions.  This  means  that 
water  can  act  at  the  same  time  as  a  weak  acid  and  a  base. 

»  Jahrciber.,  1852,  310.  «  Zeitschr.fUt  anorg.  Chem.,  9,  408. 

»  Zeitidkr.  fur  phy's.  Chem.,  5,  16  (1890). 
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Thus,  when  an  acid  and  a  base  are  brought  together,  the  neutralisation 
never  takes  place  quite  completely.  There  always  remain  as  many  free 
hydrogen  and  hydroxyl  ions  over  as  are  usually  present  in  pure  water. 
The  quantity  of  ionised  water  is,  of  course,  so  small  as  to  be  practically 
negligible  in  most  cases,  but  its  effect  becomes  very  marked  when  the  acid 
or  base  of  a  dissolved  salt  is  very  weak. 

If  we  take,  for  instance,  a  salt  like  potassium  cyanide,  its  acid,  hydro- 
cyanic acid,  is  very  weak,  and  is  still  further  enormously  weakened  by  the 
presence  of  its  neutral  salt,  or,  to  put  it  in  ionic  language,  by  the  presence 
of  excess  of  cyanogen  ions.  The  water  is  therefore  by  virtue  of  its  slight 
acid  properties  capable  of  setting  free  a  considerable  quantity  of  the  acid 
from  its  salt. 

It  might  appear  at  first  sight  as  if  the  solution  should  still  react 
neutral,  since  the  acid  and  base  are  set  free  in  equivalent  quantities.  The 
theory  of  electrolytic  dissociation  shows  us,  however,  that  this  is  not  the 
case.     If  we  consider  the  equilibrium  ; 

KCN  +  H0H;!KCH  f  HON 

the  potassium  hydrate  exists  practically  completely  in  the  ionised  state, 
whereas  the  hydrocyanic  acid  is  almost  entirely  unionised.  Thus  we  have 
a  large  excess  of  hydroxyl  ions  in  the  solution,  and  it  is  these  that  give 
rise  to  the  alkaline  reaction.  Expressed  ionically  the  equilibrium  will 
read 

CN' + hoh;;^hcn + oh'. 

This  theory  of  Arrhenius  has  now  met  with  almost  universal  accept- 
ance, and  has  amply  justified  its  adoption  as  a  working  basis  for  all 
quantitative  problems  dealing  with  hydrolysis. 

The  conditions  for  the  dissociation  of  a  salt  into  free  acid  and  base  are 
therefore — 

1.  That  the  acid  or  base  of  the  salt,  or  both,  be  very  weak. 

2.  That  the  solvent  itself  be  somewhat  ionised. 

Hitherto  the  phenomenon  appears  only  to  have  been  studied  in  aqueous 
solution.  If  the  slight  conductivities  found  for  pure  alcohol  are  really 
due  to  an  ionisation  into  hydrogen-  and  ethoxy-ions,  then  we  should 
expect  salts  such  as  sodium  phenolate  to  be  also  split  up  to  some  extent  in 
alcoholic  solution. 

For  the  qualitative  detection  of  hydrolysis,  indicators  afibrd  the  moat 
reliable  test.  From  the  results  of  Ley,^  litmus  appears  to  be  the  most 
sensitive  of  these. 

Still,  the  method  of  simply  testing  the  solution  with  an  indicator 
might  at  times  give  misleading  results  owing  to  the  presence  of  traces  of 
acid  or  alkali  in  the  salt.  Ley  recommends  a  more  satisfactory  method. 
This  is  to  titrate  the  solution.  If  the  salt  of  a  weak  base,  for  instance,  is 
really  hydrolysed,  it  will  not  only  react  acid  in  the  pure  state,  but  will 
also  continue  to  react  acid  even  on  addition  of  a  considerable  quantity  of 
alkali.  Thus,  whereas  the  least  trace  of  sodium  hydrate  sufficed  to  render 
a  solution  of  magnesium  sulphate  or  barium  chloride  alkaline,  solutions  of 
lead  chloride  and  copper  chloride  continued  to  react  acid  until  almost  the 
whole  of  the  hydroctdoric  acid  had  been  temov'ed  by  the  sodium  hydrate. 

As  other  qualitative  m)Bthods  any  prbc'^ses  muy  be  us^  'w^hich  bring 

»  2!eiticir,  fUrpHiJi.  >C^Si.,  80,  SW^  (1899). 
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»bout  a  separation  of  the  components.  Thus,  the  hydrocyanic  acid  may 
be  partially  removed  from  a  solution  of  sodium  cyanide  by  a  current  of 
pure  air,  the  phenol  may  be  partially  extracted  from  a  solution  of  sodium 
phenolate  by  ether,  and  so  on. 

Quantitative  Methods. — When  we  attack  the  problem  of  ascertaining 
quantitatively  to  what  extent  this  hydrolytic  dissociation  of  salts  occurs^ 
it  is  at  once  evident  that  the  hydrolysis  cannot  be  determined  by  any 
direct  measurement  of  the  free  acid  or  alkali  in  the  S3rstem.  If  we  attempt 
to  titrate  the  solution  of  a  salt  like  potassium  cyanide,  the  equilibrium 
is  at  once  disturbed,  and  as  we  neutralise  the  free  potassium  hydrate  in 
the  system  by  the  addition  of  acid,  more  potassium  hydrate  is  supplied 
&om  the  potassium  cyanide  to  take  its  place.  As  we  have  seen,  the 
neutral  point  is  in  many  cases  only  reached  when  enough  acid  has  been 
added  to  completely  split  up  the  salt.  We  must  therefore  resort  to  some 
indirect  means  of  estimating  the  free  acid  or  alkali  in  the  system  without 
disturbing  the  equilibrium. 

We  will  pass  over  suuh  methods  as  the  determination  of  the  heat  of 
neutralisation,  as  these  have  led  to  very  incorrect  ideas  as  to  the  extent  of 
the  hydrolysis.  For  instance,  determinations  of  the  heat  of  neutralisa- 
tion of  hydrocyanic  acid  led  to  the  belief  that  a  solution  of  sodium 
cyanide  was  split  up  to  the  extent  of  80  per  cent,  into  free  hydrocyanic 
acid  and  sodium  hydrate,  whereas  in  reality  its  hydrolysis  only  amounts 
to  about  1  per  cent,  in  ^V  normal  solution. 

In  fact,  the  hydrolysis  proves  in  most  cases  to  be  much  smaller  than 
was  formerly  imagined.  Even  salts  like  sodium  phenolate,  which  react 
strongly  alkaline,  are  only  hydrolysed  to  the  extent  of  2  or  3  per  cent,  in 
about  ^'^i  normal  solution. 

The  quantitative  methods  which  have  hitherto  l>eon  used  are  mostly 
based  on  the  measurement  of  the  velocity  of  reactions,  brought  about  by 
the  free  alkali  or  acid  in  the  solution.  Of  these  reactions  the  chief  have 
been  the  saponification  of  esters  and  the  inversion  of  cane  sugar. 

Saponification  of  Esters, — If  we  take  an  ester  such  as  ethyl  acetate 
and  dissolve  it  in  pure  water,  it  will  remain  for  weeks  practically 
unafiected.  If,  however,  we  add  acid  or  alkali,  saponification  sets  in,  and 
proceeds  with  a  velocity  depending  on  the  amount  of  acid  or  alkali  added. 
The  velocity  can  be  measured  by  means  of  titrations. 

If  we  treat  the  est«r  with  a  hydrolysed  salt,  saponification  will  like- 
wise take  place  by  virtue  of  the  free  acid  or  alkali  which  the  solution 
contains.  We  must  distinguish  between  the  ease  in  which  the  saponification 
is  brought  about  by  free  acid  and  that  in  which  it  is  brought  about  by 
alkali.  The  action  of  acids  in  saponifying  esters  is  purely  catalytic  ;  the 
amount  of  acid  remains  unchanged  throughout  the  reaction  ;  this  is,  there- 
fore, the  simplest  case,  and  we  will  consider  it  first. 

For  the  measurement  of  the  velocity,  known  quantities  of  ester  and 
acid  are  brought  together  in  aqueous  solution  and  kept  at  constant 
temperature.  At  measured  intervals  of  time  a  part  of  the  solution  is 
removed  by  means  of  a  pipette  and  quickly  titrated.  This  tells  us  how 
much  of  the  ester  has  been  converted  to  acetic  acid  and  alcohol  in  a  given 
time.  From  the  results  of  these  titrations  the  whole  course  of  the  reaction 
can  be  followed. 

By  the  law  of  mass  action,  the  velocity  of  the  reaction  at  any  moment 
is  proportional  to  the  product  of  the  concentrations  of  the  reacting  sub- 
stances (the  e^ter  and  acid).    The  velcteity  diminished,  therefore,  ais  the 
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ester  is  used  up.     If  Ci  and  C2  be  the  two  concentrations,  and  t  be  the 
time, 

Velocity  =s — ^  '  =:KC|C2,  where  K  is  a  constant. 

If  we  always  take  the  same  amount  of  ester,  the  velocity  of  the 
reaction  is  proportional  to  the  amount  of  acid  added.  The  general 
method  is  therefore  to  determine  by  a  preliminary  experiment  the  velocity 
cf  saponification  brought  about  by  a  known  amount  of  pure  acid,  and 
afterwards  to  determine  its  velocity  as  brought  about  by  the  acid  in  the 
hydrolysed  salt.  If  we  have  found  the  velocity  of  saponification  brought 
about  by  a  known  quantity  of  acid,  then  we  can  conversely  calculate 
from  the  velocity  of  saponification  which  the  hydrolysed  salt  brings 
about,  how  much  free  acid  it  contains,  that  is,  the  extent  of  its  hydrolysis, 
remembering  always  that  the  velocity  of  the  reaction  is  proportional  to 
the  amount  of  free  acid  present. 

It  should  be  mentioned  that  this  proportionality  does  not  hold  quite 
strictly  in  the  catalysis  of  esters  by  means  of  acids.  There  are  deviations 
from  it  which  are  not  fully  understood.  It  differs  in  strong  and  weak 
solutions  of  acids,  apart  from  the  difference  which  one  would  expect  from 
incomplete  ionisation.  The  presence  of  neutral  salts  also  has  a  consider- 
able influence  on  the  velocity.  Consequently  the  results  obtained  by  this 
method  are  nob  to  be  taken  as  very  accurate. 

Since  the  velocity  varies  throughout  the  whole  course  of  the  reaction, 
we  cannot  take  a  direct  measurement  of  the  initial  velocity  of  saponi- 
fication, as  the  velocity  changes  so  quickly  that  no  trustworthy  results 
could  be  obtained  in  this  way.  The  calculation  is  carried  out  by  means  of 
the  well  known  equation 

which  holds  for  monomolecular  reactions. 

A.  is  the  initial  concentration  of  the  ester,  x  is  the  amount  saponified 
in  time  t,  and  K  is  a  constant.  The  titrations  taken  during  the  whole 
course  of  the  reaction  are  used  to  determine  K.  By  comparing  the 
constant  K  obtained  for  the  hydrolysed  chloride  of  a  weak  base  with  that 
obtained  for  pure  hydrochloric  acid,  the  amount  of  free  hydrochloric  acid 
in  the  solution  of  the  salt  can  be  easily  calculated,  and  hence  the  degree  of 
hydrolysis. 

The  first  experiments  in  this  direction  were  carried  out  by  "Walker  in 
1889  J  He  determined  the  velocities  of  saponification  of  methyl  acetate  by 
th(i  hydrochlorides  of  very  weak  bases,  such  as  thiazol,  and  thus  deter- 
mined the  degrees  of  hydrolysis. 

A  similar  method  was  worked  out  for  the  salts  of  very  weak  acids  by 
Shields,  in  1893.'^  He  determined  tho  hydrolysis  of  the  alkali  salts  of 
phenol,  carbonic  acid,  lK)ric  acid,  <kc.  In  this  case  it  is  not  free  acid  that 
we  have  to  determine,  but  free  alkali,  and  the  matter  is  complicated  by 
the  fact  that  the  free  alkali  is  removed  from  the  system  as  the  reaction 
proceeds,  so  that  the  equilibrium  of  the  hydrolysis,  as,  for  instance, 
KCN  H-  HOH  t^  KOH  +  HON,  is  continually  changing.  It  would  lead 
us  too  far  to  go  into  the  details  of  how  this  is  taken  into  account.     It  is 

»  Zeitschr.furphys.  Chcm.,  4,  319  (,1889).  2  ^^^i^f.,  12, 167  (1893). 
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sufficient  to  say  that  a  formula  can  be  deduced  for  the  reaction,  and  thai 
Shields  found  it  confirmed  by  experiment. 

In  spite  of  the  complicated  nature  of  the  reaction,  very  good  results 
can  be  obtained  by  this  method.  The  saponification  proceeds  very  much 
more  quickly  under  the  influence  of  hydroxyl  ions  than  of  hydrogen  ions, 
and  so  the  measurement  of  even  very  small  degrees  of  hydrolysis  can  be 
carried  out  at  the  ordinary  temperature,  which  is  not  the  case  in  the 
method  mentioned  previously.  Shields  was  able  to  measure  even  such  a 
small  degree  of  hydrolysis  as  that  of  sodium  acetate— rather  less  than 
O'Ol  per  cent,  in  jV  normal  solution.  This  is  a  degree  of  precision  which 
greatly  surpasses  that  of  any  determinations  of  free  acid  by  the  catalysis 
of  esters  or  of  cane  sugar. 

Shields  showed  that  the  velocity  of  saponification  was  not  disturbed 
by  the  presence  of  ester  and  alcohol.  He  further  showed  by  this  method 
that  trisodium  phosphate,  Na3P04,  is  quantitatively  split  up  in  aqueous 
solution  into  Na2HP04  and  NaOH. 

According  to  Ley,^  the  saponification  of  esters  sometimes  takes  place 
even  under  the  influence  of  neutral  salts,  such  at  KCl  at  100°.  It  is 
doubtful  whether  this  points  to  a  slight  hydrolysis  of  the  salts  at  this 
temperature,  which  seems  very  improbable,  or  whether  in  certain  cases 
other  ions  besides  hydrogen  and  hydroxyl  can  act  as  catalysers  in 
saponifying  esters.  In  any  case  the  velocity  of  the  reaction  is  very  small 
as  compared  with  that  brought  about  by  salts  which  are  known  to  be 
hydrolysed. 

The  following  tables  give  the  percentage  of  hydrolysis  of  a  nxmiber  of 
salts  of  weak  acids  and  bases  as  determined  by  this  method  by  Walker 
and  others.  For  the  sake  of  comparison  the  values  have  all  been  recal- 
culated, so  that  the  figures  give  the  hydrolysis  in  ^^  normal  solution. 


L — Hydrolysis  of  the  hydrochlorides  of  weak  hoses  as  measured  by  the 
catalysis  of  esters. 

Temperature  =  25°. 


N&me  of  base. 

Thiazol 
Glycocoll 
Asparagine  . 
Thiohydantoin 
Asparaginic  Acid 


Percentage  hydro- 
lysis of  HydrocMoride 

in .    solution. 
10 

.  17 

.  19 

.  25 

.  30 

.  31 


Name  of  base. 

Acetoxime  . 
Urea 

Acetamide  . 
Propionitrile 
Thiourea 


Percentage  hydro- 
lysis of  Hydrochloride 

N 
in-^-  solution. 
10 

.  30 

.  90 

.  98 

.  99 

.  99 


II.- 


-Ifydrohjsis  of  the  alkali  salts  of  weak  acids  as  measured  by  the 
saponification  of  esters. 


Temperature  =  25*^ 


Name  of  Acid. 

Hydrocjanic  acid 
Acetic  acid   . 
Carbonic  acid 
Phenol 
^•Chlorphenol 


Percentage  Hydro- 
lysis of  salts  in 

^  solution. 
10 

.  112 

.  0  008 

.  3-17 

.  3-05 

.  1-62 


Name  of  Acid. 


Percentage  Hydro- 
lysis of  salts  in 

solution. 
10 


<7-Chlorpbcnol 
2:4.  Dichlorphenol 
2:4:6  Trichlorphenol 
j?-Cyanphenol 
j^-Nitrophonol 


1-18 
0-29 
0-21 
0-29 
016 
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Inversion  of  Cane  Sugar. — It  is  well  known  that  the  inversion  of  can© 
sugar  is  brought  about  by  the  addition  of  acid  to  its  aqueous  solution,  and 
that  the  reaction  can  be  followed  by  means  of  the  polarimeter.  The 
velocity  of  the  inversion  is  proportional  to  the  amount  of  acid  added,  and 
it  is  evident  that  this  is  a  method  which  can  be  applied  to  the  estimation 
of  the  acid  which  is  hydrolytically  set  free  from  the  salts  of  weak  bases. 

The  first  application  of  this  method  appears  to  have  been  made  by 
Bruner  in  1893.  He  measured  the  hydrolysis  of  a  number  of  inorganic 
chlorides,  nitrates,  and  sulphates  at  40°.  His  work  was,  however,  very 
much  overlooked,  through  having  been  only  published  in  a  Polish  journal. 
In  1900  he  republished  it  in  the  *  Zeitschrift  fur  phys.  Chem.*  (82,  133). 

Meanwhile  Walker  and  Aston  ^  had  determined  the  hydrolysis  of  a 
number  of  hydrochlorides  of  weak  organic  bases,  and  a  few  inorganic 
nitrates  by  the  same  method  at  60°.  Ley  extended  this  work  on 
inorganic  salts  at  100°.^  It  is  impossible  to  directly  compare  these 
results  with  one  another,  as  they  were  all  obtained  at  different  tem- 
peratures.  The  temperature  has  been  shown  to  have  a  very  great  in- 
fluence on  the  hydrolysis,  as  the  dissociation  constant  of  pure  water  rises 
aonormally  rapidly  with  rise  of  temperature. 

The  inversion  is  a  monomolecular  reaction,  and  the  calculations  are 
very  similar  to  those  of  the  catalysis  of  esters.  Ley  points  out  that  this 
method  is  somewhat  limited  in  its  applicability.  Some  salts  which  react 
acid  to  litmus  act  as  neutral  towards  cane  sugar,  and  conversely  some 
neutral  salts  bring  about  inversion  of  the  sugar.  Even  potassium 
chloride  brought  about  inversion  of  the  sugar  at  100°,  but  gave  very 
irregular  results.  A  disadvantage  of  working  at  such  a  high  temperature 
is  that  the  results  may  be  vitiated  by  impurities  dissolved  from  the  glass, 
and  it  is  probable  that  something  of  this  sort  occurred  in  th^  determina- 
tions on  potassium  chloride,  &c.,  for  Ley  found  similar  irregularities  on 
making  experiments  with  extremely  dilute  solutions  of  hydrochloric  add. 
The  inversion  seems  also  to  be  considerably  influenced  by  dissolved  salts. 
Ley  considered  the  limit  of  accuracy  to  be  about  0*5  per  cent,  in  ^hr 
normal  solution. 

The  following  tables  contain  a  number  of  results  obtained  by  the 
abovementioned  observers  for  the  hydrolysis  of  organic  and  inorganic 
chlorides  : — 


III. — Hydrolysis  oftlie  hydrochlorides  of  organic  bases  as  determined 
by  the  inversion  of  cane  sugar. 


Temperature  =  60°. 

Name  of  base. 

Percentage  Hydro- 
lyeis  of  Hydrochloride 

n   ^  solution. 
10 

Name  of  base. 

Percentage  Hydro- 
lysis of  Hydrochloride 

in  — •  Bolntion. 
10 

Pyridine     . 

Monomethylaniline 

Qainoline    . 

p-Toluidine 

Aniline 

<>-Toluidine 

1-2 

1-2 

1-2 
1-7 
2-C 
3-2 

GlycocoU     . 
Asparagine 
Acetamide   . 
Urea 

Thionrea      . 
Propionitrile 

18 
21 
78 
81 
92 
92 

»  J:<7./Sm67,676(1895). 
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Metal.                                   Temperature. 

Zinc     .... 

100*»      . 

Lead     . 

»»              • 

Beryllium 

»>            • 

Aluminium 

»»                •            • 

!        77°      .* 

Cerium 

.      100*>      . 

Lanthanum 

n               • 

Iron  (Ye"') 

.        40''      , 

Uranyl(UO,"). 

J.-1 
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IV. — Hydrolysis  of  inorganic  cldorides  {inversion  method), 

Hydrolvsis  of  Chloride 
in-  solution. 

01 
0-2 
1-8 
61 
2-7 
0-3 
01 
10 
3 

The  chlorides  of  the  alkali  metals  and  of  the  alkaline  earths,  as  also 
those  of  yttrium,  scandium,  manganese,  cobalt,  and  erbium,  showed  no 
appreciable  hydrolysis. 

A  method  somewhat  similar  to  the  inversion  method  was  recently 
suggested  by  Wood.^  He  allowed  diastase  to  act  on  starch  in  presence 
of  a  hydrolysed  salt.  Acids  or  alkalies  retard  the  action  of  the  diastase, 
and  the  retardation  was  taken  as  a  basis  of  measurement  of  the  amount 
of  acid  or  alkali  present.  The  action  is  very  much  affected  by  changes  of 
temperature.  So  far  only  rough  approximations  have  been  obtained  in 
this  way. 

Electric  Conductivity, — The  electric  conductivity  has  for  a  long  time 
been  looked  on  as  a  useful  method  for  the  determination  of  hydrolytio 
dissociation.  Its  capabilities  in  this  direction  have,  in  my  opinion,  been 
considerably  overestimated.  The  method  used  for  the  determination  is  as 
follows  : — It  is  well  known  that  almost  all  salts  are  fairly  completely 
ionised  when  dissolved  in  water  at  a  moderate  dilution.  Their  electric 
conductivities,  which  form  a  measure  of  their  ionisations,  do  not  differ 
from  one  another  by  a  great  deal  in  solutions  of  equivalent  concentration. 

The  free  acids  and  bases,  on  the  other  hand,  have  all  possible  conduc- 
tivities, ranging  from  almost  nothing  in  the  case  of  the  very  weak  acids 
and  bases  to  values  very  much  greater  than  those  of  the  salts  in  the  case 
of  the  strong  acids. 

If,  then,  we  take  the  solution  of  a  salt  such  as  aniline  hydrochloride, 
which  is  considerably  split  up  into  free  aniline  and  hydrocUoric  acid  in 
aqueous  solution,  the  observed  conductivity  will  be  partly  due  to  the  salt 
CeHjNHaHCl,  and  partly  to  the  free  HCl  which  is  split  off  by  hydro- 
lysis. The  free  aniline  which  is  present  in  the  system  will  not  contribute 
appreciably  towards  the  conductivity. 

Since  the  conductivity  of  hydrochloric  acid  is  very  much  greater  than 
that  of  aniline  hydrochloride,  we  shall  be  able  to  draw  some  conclusion 
from  the  conductivity  as  to  the  amount  of  free  hydrochloric  acid  which  is 
present  in  the  system.  If  ;i ,  be  the  molecular  conductivity  which  aniline 
hydrochloride  would  have  if  it  were  not  hydrolysed,  /zhci  ^  *^**  ^^  hydro- 
chloric acid,  and  x  the  fraction  of  the  salt  which  is  hydrolysed,  the 
observed  molecular  conductivity  (M)  will  be 

M=(l— a;)/i|,  due  to  unsplit  salt, 
+     oJ/'Hcii   ^^^  *o  ^rce  HCl. 

*  Amer,  Chem,  Jowm,^  16,  318. 
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From  this  we  gfet 

a:=s  — 


"FrotcL  this  the  degree  of  hydrolysis  can  be  calculated. 

The  conductivity  of  the  hydvolysed  salt  M  can  be  -directly  measured 
with  a  certain  amount  of  accuracy.  The  experimental  error  will  amount 
to  perhaps  0*5  per  bent.  Under  favourable  circumstances,  rising  to  1  per 
cent,  or  more  at  the  highest  dilutions  (about  iVxnr  normal). 

Similarly  /l/hci  can  be  ascertf^ined  by  direct  measurement. 

The  problem  is,  therefore,  to  ascertain  what  the  molecular  conductivity 
would  be  if  the  salt  were  not  hydrolysed,- that  is,  //|.  There  are  several 
ways  of  arriving  At  this,  but  'none  permitting  of  any  great  accuracy. 
Walker  was  the  first  to  attempt  to  measure  hydrolytic  dissociation  in  this 
way.^  He  determined  the  electric  conductivities  of  the  chlorides  and 
sulphates  of  a  number  of  very  weak  organic  bases,  including  salts  which 
were  hydrolysed  to  the  extent  of  nearly  100  per  cent. 

He  arrived  at  the  approximate  conductivity  which  the  salts  would 
have  in  the  unhydrolysed  state  by  analogy  with  similar  salts  which  were 
known  not  to  be  much  hydrolysed,  and  assumed  that  the  molecular 
conductivities  would  be  equal  at  the  same  dilution.  As  the  d^frees  of 
hydrolysis  were  in  all  cases  very  large,  this  served  his  purpose  tolerably 
well.  For  instance,  for  thiazolhydrochloride  in  ^y^  normal  solution  he 
found  M=sl89'8.  He  assumed  the  real  value  /ui  to  be  90.  /ihci  ^as  known 
to  be  375. 

189-8-90     ^  ^, 
Hence  g=:  375  ^qq  =0'35, 

i.e.,  the  salt  is  hydrolysed  to  the  extent  of  35  per  cent.  From  the 
catalysis  of  methylacetate  he  found  34*6  per  cent.  The  values  that  he 
found  in  this  way  corresponded  pretty  closely  with  those  obtained  by 
catalytic  methods. 

This  method  of  analogy  gives,  however,  only  a  very  rough  approxi- 
mation of  the  conductivity  of  the  unsplit  salt.  It  was  probably  several 
units  out  in  most  cases,  and  for  this  reason  the  method  is  not  adapted  to 
the  determination  of  small  degrees  of  hydrolysis.  Errors  of  several  per 
cent,  are  unavoidable.  In  the  case  of  the  less  hydrolysed  salts  no  results 
could  be  obtained  at  all.  Indeed,  in  the  case  of  aniline  hydrochloride  he 
found  the  conductivity  to  be  considerably  smaller  than  that  calculated 
from  the  velocities  of  migration  of  the  ions  which  it  contains.  It  is  there- 
fore evident  that  some  more  satisfactory  method  is  necessary  for  the 
determination  of  the  true  conductivity  (^I^)  of  the  salt  in  absence  of 
hydrolysis,  if  small  percentages  of  hydrolysis  are  to  be  measured. 

Bredig  *  extended  Walker's  work  in  this  direction.  He  determined 
the  true  conductivities  of  such  salts  as  aniline  hydrochloride  by  a  very 
simple  device.  He  added  aniline  to  the  solution,  and  in  this  way  drove 
back  the  hydrolysis  to  such  an  extent  that  he  could  arrive  at  the  true 
conductivity  of  tlie  salt.  In  this  way  he  determined  the  hydrolysis  of 
aniline  hydrochloride  and  a  number  of  its  derivatives. 

The  converse  method  of  reducing  the  hydrolysis  to  a  minimum  by 

»  Zeittohrjiirphys.  Chsm.,4,  333  (1889). 
«  Ibid,  18.321(1894). 
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excess  of  acid  has  deen  tried,  but>  so  far,  without  much  success.    The 
method  is  probably  capable  of  much  better  development. 

The  commonest  method  for  the  determination  of  this  value  /i,  is  a 
somewhat  indirect  one.  It  is  a  well-known  fact  that  almost  all  salts 
are  fairly  completely  ionised  in  aqueous  solution.  Thus  the  molecular 
conductivity  is  not  very  far  removed  from  its  limiting  value,  even  at 
moderately  high  concentrations,  and  henqe  does  not  rise  very  much  when 
we  increase  the  dilution.  It  has  been  found  empirically  that  the  amount 
by  which  the  molecular  conductivity  of  binary  electrolytes  increases 
between  any  two  ^ven  dilutions  is  nearly  constant.  The  conductivity  is 
generally  measured  at  dilutions  ranging  from  32  litres  to  1024  litres.  It 
has  been  found  that  in  the  case  of  binary  electrolytes  which  are  not 
hydrolysed  the  ml3lecular  conductivity  at  these  two  dilutions  differs  by 
approximately  10  units  at  25°.         '       * 

/^1.024-:/'32=10- 

Thus  the  sodium  salts  of  the  fatty  acids,  being  scarcely  at  all 
hydrolysed,  give  differences  which  all  approximate  to  10  units.  The 
sodium  salts  of  dibasic  acids  give  a  difference  of  about  20  units  and  so  on. 
In  general,  the  difference.  A,  is  given  by 

where  w,  and  nj  are  the  valencies  of  the  two  ions.  With  hydrolysed 
salts  we  get  a  very  different  state  of  affairs.  Here  we  find  the  differences 
to  be  abnormally  large,  for  the  following  reason.  At  the  highest  con- 
centrations the  hydrolysis  will  not  come  into  play  very  much,  and  the 
values  found  will  approximate  more  or  less  to  the  true  values.  As  we 
increase  the  dilution,  however,  the  hydrolysis  increases  more  and  more, 
and  at  the  highest  dilution  a  considerable  part  of  the  conductivity  found 
will  be  due  to  free  acid  or  base,  and  this  will,  therefore,  as  we  have  seen, 
be  greater  than  the  true  conductivity  of  the  salt.  Hence  the  difference  A 
will  be  greater  than  10  units. 

If,  therefore,  we  find  that  the  difference  A  is  abnormally  great,  the 
excess  may  be  attributed  to  hydrolysis,  and  the  extent  of  the  hydrolysis 
may  be  calculated  by  making  use  of  the  equation  mentioned  above  : 

M=(l— a:)/ii+a?A'Hci. 

The  method  cannot  be  said  to  be  very  satisfactory  unless  the  extent  of 
the  hydrolysis  is  very  large.  First,  the  measurement  of  the  electric 
conductivity  at  a  dilution  of  1024  litres  does  not  permit  of  an  accuracy 
of  within  about  1  per  cent. ;  and  secondly,  this  value  A  is  by  no  means  so 
constant  even  for  salts  which  are  not  hydrolysed  as  might  be  desired.  It 
frequently  shows  deviations  of  2  or  3  units,  and  so  a  hydrolysis  of  even 
1  per  cent,  or  so  might  pass  unnoticed.  We  saw  that  the  hydrolysis  of 
sodium  acetate  could  be  fairly  accurately  measured  by  the  velocity  of 
saponification  of  ethyl  acetate.  In  ^^  normal  solution  it  amounts  to  0  008 
per  cent.  If  we  calculate  what  difference  this  would  make  to  the  conduc- 
tivity, we  find  that  the  abnormality  of  the  A  value  should  be  about  015 
unit.  It  will  be  at  once  seen  that  anything  approaching  this  accuracy  is 
out  of  the  question  by  the  electric  method.  Indeed,  if  we  compare  the 
values    actually    found   for    sodium    acetate    by    two    such     eminent 
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investigators  as    Ostwald  and    Bredig,   we    find    that    Ostwald    gives 
/^io24— /«32=101,  whereas  Bredig  gives  /i  1024-/^32= 12  9. 

When  the  hydrolysis  is  greater,  however,  an  approximate  idea  of  it 
can  be  gained  in  this  way  from  the  conductivity. 

Y,-- Hydrolysis  off  he  hydrochlorides  of  organic  bases  as  determined  from 
their  electric  conductivity, 

Te7npera4ure=25°, 

Hydrolyeis  of  Hydrochloride 
Name  of  base.  in  J^  solution. 

Aniline »        •  1*5 

o-Toluidine .  1'8 

m-Toluidine 1*3 

jE>-Toluidine 09 

Beta'm     .        .        •        . 32'5 

VI. — Hydrolysis  of  inorganic  salts  (conductivity  method). 
Temperature^^  25°. 

Hydrolysis 
^^  in  ',Q  solution. 

AlCl, 0-5 

BeSO^ 0-5 

PbClj 0-4 

UO,(NO,) 0-6 

Hg(C10j2 6-3 

Much  more  might  be  added  on  the  subject  of  electric  conductivity  as 
applied  to  the  determination  of  hydrolysis.  Salts  in  which  both  the  acid 
and  base  are  weak  present  quite  a  different  aspect,  but  a  discussion  as  to 
their  behaviour  would  lead  us  too  far. 

To  return  to  the  other  methods  of  estimation,  a  recent  method  should 
be  mentioned  which  differs  from  those  depending  on  catalysis.  We 
have  seen  that  when  a  salt  such  as  aniline  hydrochloride  undergoes 
hydrolysis  two  products  result,  the  hydrochloric  acid,  strongly  ionised  and 
active,  and  the  aniline,  practically  unionised  and  inactive.  All  the  methods 
that  have  been  mentioned  so  far  have  depended  on  the  measurement  of 
the  strongly  ionised  component,  either  by  its  conductivity  or  by  some 
catalytic  action  which  it  brings  about. 

Under  some  conditions  these  determinations  become  difficult  to 
carry  out  owing  to  the  decomposition  or  precipitation  of  one  of  the 
reaction  products  or  from  other  causes.  In  these  cases  it  is  better  to 
measure  the  indifferent  component.  The  method  that  suggests  itself  most 
readily  is  that  of  extraction  with  some  solvent  which  is  insoluble  in 
water.  The  laws  of  distribution  of  a  substance  between  two  solvents  are 
well  known,  and  by  making  use  of  these  the  hydrolysis  can  be  easily 
calculated  from  the  amount  of  substance  which  is  extracted.  The 
method  was  tested  recently  by  Farmer  *  in  the  following  way.  The  salt  is 
dissolved  in  a  known  quantity  of  water  and  a  known  quantity  of  benzene 
added.  The  whole  is  brought  to  constant  temperature  and  shaken.  The 
amount  of  substance  extracted  by  the  benzene  is  then  estimated,  preferably 

»  •/;t7.iSf.,  79,  86  3(1901). 
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volmnetrioally,  and  from  this  the  hydrolysis  can  be  easily  calculated  if 
the  distribution  coefficient  for  the  substance  in  question  has  been 
previously  determined. 

The  values  found  at  different  dilutions  agreed  very  closely  with  those 
required  by  Arrhenius'  *  dilution  formula.'  So  far  the  method  has  not 
been  applied  much,  but  it  seems  to  offer  advantages  over  pre^ous  methods 
in  several  respects.  Particularly  for  solutions  which  decompose  on  stand- 
ing, it  seems  almost  the  only  available  method.  It  remains  to  be  seen 
whether  this  method  is  capable  of  the  same  sensitiveness  as  that  of  Shields. 
If  so,  it  would  have  the  advantage  of  greater  simpb'city  and  rapidity. 

The  foregoing  are,  then,  the  chief  methods  which  have  been  used  up  to 
the  present  for  the  determination  of  hydrolysis. 

It  will  be  evident  from  the  abovementioned  theory  of  hydrolytic 
dissociation  that  the  extent  of  the  hydrolysis  depends  on  the  strength  of 
the  weak  acid  or  base  present  in  the  salts.  The  relation  between  the 
strength  of  the  acid  or  base  and  the  hydrolysis  of  its  salts  can  be 
expressed  by  a  simple  mathematical  formula. 

The  dissociation  constant  is,  of  course,  determined  by  the  elestric 
conductivity.  It  is  only  recently,  however,  that  the  electric  conductivity 
of  such  weak  acids  has  been  determined  with  sufficient  accuracy  to  confirm 
the  validity  of  this  formula  This  was  the  work  of  Walker  and  Corroack.^ 
The  hydrolysis  of  the  alkali  salts  calculated  from  the  dissociation  constants 
which  they  found  for  phenol  and  other  weak  acids  agreed  very  closely 
with  that  experimentally  found  by  the  saponification  method.  This  forms 
perhaps  the  most  convincing  proof  of  the  soundness  of  Arrhenius'  views 
as  opposed  to  such  theories  as  the  one  mentioned  earlier,  in  which  the 
acidity  was  attributed  to  the  formation  of  hydrates. 

In  this  way,  therefore,  it  would  be  possible  to  calculate  the  strengths 
of  acids  and  bases  whose  electric  conductivity  is  immeasurably  small  by 
determining  the  hydrolysis  of  their  salts. 

This,  of  course,  rests  on  the  assumption  that  no  intramolecular 
rearrangement  takes  place  when  salts  are  formed,  which  is  not  always  the 
case.  In  the  case  of  various  dye  stuffs,  for  instance,  where  the  salt  forma- 
tion is  aocompaniea  by  a  change  of  constitution,  we  should  find  that  the 
relation  between  the  strength  of  the  acid  and  the  hydrolysis  of  its  salts 
did  not  hold.  If  the  measurements  are  experimentally  possible,  such 
intramolecular  rearrangements  may  be  detected  in  this  way.  This  is  a 
method  which  has  been  applied  by  Hantzsch  to  prove  differences  of  consti- 
tution between  certain  acids  and  the  salts  that  they  form. 

In  several  cases  he  found  that  although  the  acids  were  very  weak 
indeed,  and  should  therefore  give  strongly  hydrolysed  sodium  salts,  yet 
the  sodium  salts  showed  only  a  slight  hydrolysis.  In  the  case  of 
dinitroethane,  for  instance,  he  found  that  both  the  free  dinitroethane  and  its 
sodium  salt  reacted  neutral,  and  from  this  he  concluded  that  the  salt  forma- 
tion was  accompanied  by  a  change  of  constitution  from  CH8.CH(N02)2  to 


/NOa  /NO, 

CHg .  C<(  forming  the  salt  CHg .  C/ 

^NOOH  ^NOONa 

Fields  of  research  like  this  offer  inducements  for  the  more  accurate 
determination  of  hydrolysis  on  the  one  hand  and  of  the  affinity  constants 
of  very  weak  acids  on  the  other. 

»  J,C,8.,  77,  6  (1900). 
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It  has  been  long  recognised  that  the  study  of  hydrolysis  affords  the 
best  means  of  estimating  the  strengths  of  very  weak  acids  and  bases. 
Since  the  aflBnity  constant  of  pure  water  is  now  known  with  considerable 
certainty,  exact  measurements  can  be  made  in  this  way,  even  when  the 
free  acids  or  bases  are  difficultly  soluble  in  water.  It  would,  for  instance, 
be  possible  to  make  exact  determinations  of  the  effect  of  substituents  on 
the  strength  of  phenol  and  aniline.  The  influence  of  constitution  on  the 
affinity  constants  of  these  very  weak  electrolytes  would  form  an  interesting 
field  for  research. 


The  Relative  Progress  of  the  Coat-tar  Indiistry  in  England  and  Oer- 
many  during  the  imst  Fifteen  Years.  By  Arthur  G.  Green, 
F.LC,  F.C'S. 

[Ordered  by  the  Cotincil  to  be  printed  in  extcnto,'] 

The  coal-tar  colour  manufacture  has  well  been  called  the  flower  of 
the  chemical  industries.  Although  in  absolute  money  value  of  its  pro- 
ducts not  equalling  some  other  branches  of  industrial  chemistry,  it  repre- 
sents the  highest  development  of  applied  chemical  research  and  chemical 
engineering,  and  may  well  be  taken  aa  the  pulse  of  the  whole  chemical 
trade.  Indeed  a  country  which  allows  the  most  scientific  branch  of 
chemical  industry  to  languish  cannot  expect  to  maintain  pi'e-eminence 
for  long  in  any  simpler  branch  of  chemical  manufacture  ;  since  the  skill 
trained  for  attacking  the  difficult  problems  of  organic  chemistry  is  certain 
sooner  or  later  to  be  brought  to  bear  on  the  simpler  questions  presented 
in  the  manufacture  of  so-called  '  heavy '  chemicals  (acids,  alkalies,  bleach, 
salts,  (S^.),  and  processes  hitherto  often  left  to  the  supervision  of  foremen 
will  be  taken  in  hand  by  educated  chemists,  with  consequent  improvement 
in  methods  of  manufacture,  better  yields,  purer  products,  and  cheaper 
production.  The  importance  of  the  coal-tar  industry  cannot  therefore 
be  estimated  alone  by  the  value  of  its  products,  for  it  exerts  a  wide- 
spread effect  upon  all  other  branches  of  chemical  manufacture,  from 
many  of  which  it  draws  its  supplies  of  raw  material.  As  a  pregnant 
example  of  this  influence,  especially  noticeable  during  the  Itwt  decade, 
I  may  mention  the  revolution  which  is  taking  place  in  the  manufacture 
of  sulphuric  acid,  that  most  important  product  of  the  '  heavy '  chemical 
trade.  A  strong  demand  had  arisen  in  the  colour  industry  for  a  large 
and  cheap  supply  of  sulphuric  anhydride,  chiefly  in  connection  with  the 
manufacture  of  alizarine  colours  and  of  artificial  indigo.  With  the  object 
of  satisfying  their  own  requirements  in  this  respect,  the  Badische  Aniline 
and  Soda  Works  of  Ludwigshafen  devoted  much  time  and  research  to  the 
problem  of  improving  the  catalytic  process  usually  known  by  the  name 
of  Winckler,  a  modification  of  which  process  had  been  worked  in  thia 
country  by  Squire  Chapman  and  Messel  since  1876.  This  endeavour  was 
attended  with  such  success  that  by  means  of  the  process  and  plant  which 
they  finally  evolved  they  were  enabled  to  produce  sulphuric  anhydride 
so  cheaply  that  not  only  could  it  be  used  as  such  for  a  large  variety  of 
purposes,  but  by  combination  with  water  afforded  a  profitable  source  of 
sulphuric  acid.  This  new  method  of  manu&tcturing  sulphuric  acid  is,  for 
concentrated  acid  at  least,  cheaper  than  the  chamber  process  ;  and  since 
the  product  is  absolutely  free  from  arsenic,  and  can  be  produced  at  any 
desired  concentration,  it  seems  likely  to  supplant  eventually  the  time- 
honoured  method  of  manufacture. 
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Besides  exerting  this  influeDce  upon  the  inorganic  chemical  manufac- 
tures, the  coal-tar  industry  has  given  birth  during  recent  years  to  several 
important  daughter  industries.  The  manufacture  of  synthetic  medicinal 
agents,  artificial  perfumes,  sweet.ening  materials,  antitoxines,  nutritives, 
and  photographic  developers  are  all  outgrowths  of  the  coal-tar  industry, 
and  in  great  part  still  remain  attached  to  the  colour  works  where  they 
originated.  Of  these  subsidiary  industries  the  most  important  is  the 
manufacture  of  synthetic  medicinal  preparations,  which  has  already 
attained  to  large  proportions,  and  bids  fair  to  revolutionise  medical 
science.  The  requirements  of  the  coal-tar  industry  have  further  led  to 
great  advances  in  the  design  and  production  of  chemical  plant,  such  as 
Blter-presses,  autoclaves,  fractionating  columns,  vacuum  pumps  and 
stills,  suction  filters,  enamelled  iron,  aluminium,  and  stoneware  vessels,  &c,, 
for  the  supply  of  which  extensive  works  have  become  necessary. 

It  is  a  frequently  quoted  remark  of  the  late  Lord  Beaconsfield  that 
the  chemical  trade  of  a  country  is  a  barometer  of  its  prosperity,  and  the 
chemical  trade  of  this  country  has  always  been  regarded  as  a  most  important 
branch  of  our  manufactures.  Even  those  who  might  be  inclined  to  regard 
our  declining  position  in  the  colour  industry  with  more  or  less  indifference 
would  consider  the  loss  of  a  material  portion  of  our  general  chemical  trade 
as  nothing  less  than  a  national  calamity.  As  already  pointed  out,  how- 
ever, the  two  are  indissolubly  connected,  the  coal-tar  industry  being  an 
essential  and  inseparable  part  of  the  chemical  industry  as  a  whole.  It  is 
with  the  object  of  ascertaining  our  present  and  future  prospects  in  the 
chemical  trade  of  the  world  that  I  propose  to  compare  the  relative 
development  of  the  colour  industry  in  England  and  Germany  during  the 
past  fifteen  years.  It  was  at  the  commencement  of  this  period,  that  is 
to  say  in  the  year  1886,  that  Professor  Meldola,  in  a  paper  read  before 
the  Society  of  Arts,  gave  such  a  masterly  account  of  the  position  of  the 
industry  of  this  country  at  that  date,  and  sounded  a  warning  note  to  our 
manufacturers  and  business  men  regarding  its  future  progress. 

If  an  excuse  is  required  for  my  venturing  to  refer  again  to  a  subject 
apon  which  so  much  has  been  said  and  written  already,  it  is  supplied  by 
the  fact  that  the  warnings  repeatedly  given  by  those  who  saw  the  future 
clearly  (notably  by  Professor  Meldola  and  rrofessor  Armstrong)  have 
remained  largely  unheeded  by  our  business  men.  The  conclusions  which 
arc  forced  upon  us  are  unfortunately  not  of  a  reassuring  nature  for  our 
national  trade,  but  it  is  well  to  reiiiemb3r  that  nothing  is  gained  by 
burying  our  heads  in  the  sand,  and  that  the  cure  of  a  disease  can  only  be 
effected  after  an  accurate  diagnosis  of  its  cause. 

The  period  which  we  have  to  consider  hai  been  one  of  extraordinary 
activity  and  remarkable  development  in  the  coal-tar  industry,  and  before 
I  pass  to  the  economic  aspect  of  the  question  I  shall  ask  you  to  consider 
very  superficially  some  of  the  main  points  in  this  advance.  In  no  other 
industry  than  this  have  such  extraordinarily  rapid  changes  and  gigantic 
developments  taken  place  in  so  short  a  period,  developments  in  which  the 
scientific  elucidation  of  abstract  problems  has  gone  hand  in  hand  with 
inventive  capacity,  manufacturing  skill,  and  commercial  enterprise.  In 
no  other  industry  has  the  close  and  intimate  interrelation  of  science  and 
practice  been  more  clearly  demonstrated. 

Born  in  1858  the  colour  industry  had  already  attained  to  a  consider- 
able state  of  development  by  the  year  i886.  The  period  prior  to  this 
might  well  be  called  the  *  rosaniline  period,'  since  it  is  chiefly  marked  by 
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the  discovery  and  development  of  colouring  matters  of  the  rosaniline  or 
triphenylmethano  group,  such  as  Magenta,  Aniline  Blue,  Hofmanm 
Violet,  Methyl  Violet,  Acid  Magenta,  Acid  Violets,  Phosphine,  Victoria 
Blues,  Au famine,  Malachite  Green,  and  Acid  Greens.  Individual 
members  of  other  groups  hcul  already  been  discovered,  but  the  latter  had 
not  yet  attained  to  the  importance  which  they  were  destined  later  to 
occupy.  This  is  especially  the  case  with  the  class  of  colouring  matters 
containing  the  double  nitrogen  radical  known  as  'azo'  colours.  This 
group  of  compounds  has,  during  the  fifteen  years  which  we  have  to  con- 
sider, attained  to  such  enormous  dimensions  and  importance  that  this 
interval  may  fairly  be  termed  the  *  azo  period.'  The  number  of  individual 
compounds  belonging  to  this  class,  which  have  either  been  prepared  or  are 
at  present  preparable,  runs  into  many  millions  and  far  exceeds  the 
members  of  all  other  groups  of  colouring  matters  put  together.  In  com- 
mercial importance  also  they  occupy  a  position  at  present  far  in  advance 
of  any  other  group,  the  employment  of  some  of  them  {e,g,,  the  '  azo '  blacks) 
amounting  to  many  thousands  of  tons  annually.  A  great  stimulus  to  the 
investigation  of  the  azo  compounds  was  given  by  the  discovery  by 
Bottiger  in  1884  of  the  first  colour  possessing  a  direct  affinity  for  cotton 
(Congo  Red),  which  was  followed  within  a  few  years  by  a  rapidly 
increasing  series  of  colours  of  all  shades  having  similar  dyeing  properties. 
The  azo  colours  known  prior  to  this  time  were  either  basic  colours 
(Aniline  Yellow,  Chrysoidine,  Bismarck  Brown,  6ic.)  or  acid  wool  colours 
(Xylidine  Scarlet,  Croceine  Scarlet,  &cX  The  great  simplification  of 
cotton  dyeing  brought  about  by  the  introduction  of  the  new  group  of  azo 
colours — *Benzo'  or  *  Diamine '.  colours  as  they  were  called — led  to  a 
rapid  increase  of  their  number,  and  compounds  contiiining  two,  three, 
four,  or  jnoro  double-nitrogen  groups,  linking  together  the  residues  of 
various  paradiamines  (benzidine,  tolidine,  dianisidine,  azoxytoluidine, 
'  paraphenylenodiamine,  naphthylenediamine,  &c,)  to  various  naphthol-, 
amidonaphthol-,  and  naphthylamine  sulphonic  acids  made  their  appear- 
ance in  quick  succession.  Simultaneously  therewith  proceeded  the  dis- 
covery and  investigation  of  the  various  isomeric  derivatives  of  naphthalene 
required  as  raw  products  for  the  preparation  of  these  colours,  an  investiga- 
tion M'hich  was  largely  aided  by  the  classical  research  on  the  isomerism 
of  naphthalene  compounds  carried  out  in  this  country  by  Armstrong  and 
Wynne. 

Another  method  of  applying  azo  colours  to  cotton,  by  which  much  faster 
shades  ore  obtained,  was  introduced  by  Messrs.,  Bead  Holliday,  of 
Huddersfield,  in  1880,  and  consisted  in  producing  unsulphonated  azo 
compounds  on  th^  fibre  by  direct  combination.  Owing  to  the  technical 
difficulties  which  were  at  first  encountered  in  applying  this  process  it  has 
only  reached  its  full  development  during  tlie  last  few  years  and  at  other 
hands  than  those  of  its  discoverers.  The  most  important  colour  produced 
by  this  method  is  Paranitraniline  Red,  for  which  over  two  hundred  tons 
of  chemically  pure  paranitraniline  are  manufactured  annually. 

The  search  for  direct  cotton  colours  led  the  author  in  1887  to  the 
discovery  of  Primuline.  This  compound,  having  a  direct  affinity  for 
cotton  and  containing  at  the  same  time  a  diazotisable  amido  group,  could 
be  used  for  the  synthesis  of  various  azo  colours  on  the  fibre  which  were 
remarkable  for  great  fastness  to  washing.  It  has  had  a  large  employment 
for  the  production  of  fast  reds^  and  the  new  principle  of  dyeing  wluch ,  it 
inti:'dd\ice<l  has  bSe^n  considerably  extended  in  other  so-called  'diasft>' 
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(xdours.  The  closer  investigation  of  the  thiazol  group,  to  which  primuline 
belongs,  further  led  to  the  discovery  of  many  other  cotton  colours 
belonging  to  this  family,  amongst  the  most  important  of  which  are  the 
brilliant  greenish-yellow  called  *Turmerine'  or  'Clayton  Yellow,'  the 
light- fast  *  Chlorophenine '  or  'Chloramine  Yellow,'  the  pure  greenish 
baisic  yellow  '  Thioflavine,'  and  the  fast  cotton  pink  '  Erica.' 

Passing  over  the  stilbene  azo  colours  and  the  basic  azo  ammonium  or 
'  Janus '  colours  there  remains  a  class  of  azo  compounds  to  which  I  must 
shortly  refer,  namely,  the  mordant  azo  colours,  which  with  the  growing 
demand  for  faster  shades  have  recently  come  into  much  prominence.  In 
these  compounds  the  presence  of  an  ortho  hydroxyl  or  carboxyl  group 
gives  to  the  colour  the  property  (following  Liebermann  and  v.  Kosta- 
necki's  rule)  of  combining  with  metallic  mordants,  especially  chromium 
oxide,  and  producing  therewith  insoluble  and  fast  lakes  on  the  wool  or 
cotton  fibre. 

We  now  come  to  the  consideration  of  three  analogously  constituted 
groups  of  colouring  matters,  namely,  the  azines,  oxazines,  and  thiazines. 
The  laborious  scientific  investigations  of  Fischer  and  Hcpp,  Bemthsen, 
Kehrmann,  and  others  on  the  constitution  of  these  groups  of  compounds, 
the  first  members  of  which  (Methylene  Blue,  Saffranine,  and  Meldola's 
Blue)  were  discovered  in  a  very  early  stage  of  the  industry  when  little 
or  nothing  was  known  of  their  structure,  combined  with  the  theoretical 
views  on  the  quinonoid  structure  of  such  colouring  matters  promulgated 
by  Armstrong  and  adopted  by  Nietzki,  led  to  the  discovery  of  many 
valuable  new  members  of  these  classes.  Amongst  the  latter  may  be 
specially  mentioned  the  Rosindulines,  Indoine  Blue,  Induline  Scarlet, 
Rhodulines,  <fec. 

Passing  to  the  pyrone  and  acridine  groups  in  which  much  investiga- 
tion has  also  been  conducted,  the  most  notable  advances  have  been  the 
discovery  of  the  *  Rhodamines,'  a  class  of  pure  basic  reds,  and  of  the  basic 
yellows  and  oranges  allied  to  Phosphine,  namely  Acridine  Yellow,  Benzo- 
flavine,  and  Acridine  Orange. 

It  is  in  the  alizarine  group  next  to  the  azo  group  that  the  greatest 
progress  must  be  recorded.  The  demand  for  fast  colours  for  calico 
printing  and  for  dyeing  chrome-mordanted  wool  to  withstand  severe 

*  milling '  operations  has  led  to  a  long  series  of  investigations  and  patents 
for  producing  new  derivatives  of  anthraquinone.  These  new  products, 
known   in   commerce  as   *  Alizarine    Bordeaux,'   *  Alizarine    Cyanines,' 

*  Anthracene  Blues,'  'Alizarine  Viridine,'  'Alizarine  Saphirol,'  &c.,  are 
polyoxy-  or  amidooxy-anthraquinones,  for  the  preparation  of  which 
either  alizarine  or  nitroanthraquinones  are  the  usual  starting  points. 

Passing  over  some  smaller  groups,  we  now  come  to  a  very  peculiar 
class  of  dyestuffs  containing  sulphur,  which,  although  discovered  by 
Croissant  and  Brettonifere  in  1873,  remained  confined  to  a  single  repre- 
sentative— *Cachou  de  Laval ' — until  Raymond  Vidal  in  1893  obtained  a 
very  fast  black  colouring  matter,  which  dyed  unmordanted  cotton,  by 
heating  paraamidophenol  with  sulphur  and  sodium  sulphide.  The 
possibility  of  replacing  Aniline  Black  in  cotton  dyeing  by  a  direct 
colouring  matter,  and  possibly  also  of  obtaining  other  shades  which,  though 
dyed  in  a  single  bath,  would  resist  subsequent  '  cross  dyeing '  of  the 
wcDol  in  mixed  fabrics,  lent  an  immense  impulse  to  the  study  of  this  class 
of  doloTuring  matters;  and  althtrogh  their  molecular  structure  still  remains 
wrapped  i?i  obscurity,  many  new  rteprefeentativids  haVe   foUoVefd  eiafch 
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other  in  rapid  succession,  ranging  in  shade  from  blacks  of  various  hues  to 
browns,  olives,  greens,  and  blues.  As  the  most  important  of  these  I 
may  mention  Yidal  Black,  Immedial  Black,  Katechine  Black,  Immedial 
Blues,  Pyrogene  Blues,  Katechine  Brown,  Katechine  Green,  Ac. 

It  may  fairly  be  claimed,  however,  that  the  greatest  triumph  of  the 
coal-tar  industry  for  the  past  fifteen  years  has  been  the  successful 
production  of  artificial  indigo  on  a  large  manufacturing  scale. 

Returning  from  the  scientific  to  the  economic  aspect  of  the  subject, 
I  shall  ask  you  now  to  consider  what  share  we  have  obtained  in  the 
great  expansion  of  trade  resulting  from  all  these  new  discoveries,  many 
of  which  have  originated  in  this  country.  The  development  of  the 
industry  in  Germany  is  well  illustrated  by  the  following  figures  : — 

Exports  from  Germany  to  the  World, 


1885.  1895. 


1899. 


Tons. 


I  I         Tons.               Tons. 

Aniline  Oil  and  Salt       ....  1,713  |        7,136 

Coal-tar  Colours  (excl.  alizarine)  .        .  i        4,646  |      15,789              17,639 

'  Alizarine  Colours 4,284                8,927       |          — 


I 


Again,  if  we  take  values,  we  find  that  total  exports  of  coal-tar 
colours  from  Germany  amounted  in  1894  to  2,600,000/.,  and  in  1898  to 
3,500,000/.,  an  increase  of  nearly  a  million  in  four  years.  The  latter 
figure  is  practically  the  same  as  that  given  by  Perkin  as  an  estimate  of 
the  world' 8  total  production  in  1885,  showing  how  great  the  increase  has 
been  since  this  date. 

The  value  of  Germany's  entire  production  is  somewhat  difficult  to 
arrive  at.  Witt,  in  his  report  on  the  German  chemical  exhibit  at  the 
Paris  Exhibition,  gives  as  the  value  of  the  total  chemical  industry  of 
Germany  for  the  year  1897  the  enormous  sura  of  46^  million  pounds 
sterling.  Of  this  sum  Lefevre  estimates  that  at  least  one  tenth  may  be 
put  down  to  colouring  matters,  and  another  tenth  to  raw,  intermediate, 
and  synthetic  products  from  coal  tar  other  than  colours,  and  he  thus 
assigns  for  the  total  annual  value  of  the  coal-tar  industry  of  Germany  the 
sum  of  nine  to  ten  million  pounds  sterling.  With  the  increase  in  the 
production  of  synthetic  indigo,  it  may  be  taken  to-day  to  considerably 
exceed  this  figure. 

One  may  well  wonder  what  becomes  of  this  enormous  quantity  of 
coal-tar  products.  According  to  the  United  States  consular  reports  the 
3^  million  pounds'  worth  of  coal-tar  colours  exported  by  Germany  in 
1898  were  consumed  as  follows  : — 


The  United  States  took      . 

760,000/.  worth 

The  United  Kingdom  took 

730.000/.      „ 

Austria  and  Hungary    .,     . 

H50,000/.      „ 

Italy 

225.000/,      „ 

China                              „     . 

270,000/.      ,. 

whilst  the  rest  of  the  world  took  the  remainder. 

The  great  increase  in  production  in  Germany  is  further  shown  by  the 
growth  in  the  capital  and  number  of  workpeople  employed.  Thus 
according  to  a  report  of  the  Badische  WoVks,  recently  issued,  the  capital 


Digitized  by 


Google 


THE  COAL-TAR  INDUSTRY  IN  ENGLAND  AND  GERMANY. 


257 


of  this  company,  which  wag  increased  in  1889  from  9O0,000Z.  to  1,050,000^., 
will  be  further  augmented  this  year  by  the  issue  of  750,000/.  of 
debentures.  The  number  of  workpeople  employed  by  this  company  in 
1900  was  6,485,  as  against  4,800  in  1896,  an  increase  of  over  33  per  cent, 
in  four  years.  The  firm  of  Leopold  Cassella  <fe  Co.,  of  Mainkur,  near 
Frankfurt,  have  increased  the  number  of  their  workpeople  from  645  in 
1890  to  1,800  in  1900. 

Passing  now  to  England  we  find  that  the  imports  of  cocJ-tar  colours 
into  the  country  are  steadily  rising,  as  is  shown  by  the  following  figures 
taken  from  the  Board  of  Trade  returns  : — 

Imports  of  Coal-tar  Dye-stuffs  into  England  daring  the  last  Fifteen  Years 
{excluding  Indigo), 


1886  . 

£509,750 

1894  . 

.   £599,000 

1887  . 

542,000 

1895  . 

710,000 

1888  . 

569,000 

1896  . 

789,300 

1889  . 

609,200 

1897  . 

695,400 

1890  . 

594,400 

1898  . 

789,000 

1891  . 

686.300 

1899  . 

708,800 

1892  . 

542.200 

1900  . 

720,000 

1893  . 

504,000 

Contrasted  with  this  the  exports  of  coal-tar  colours  msmufactured  in 
England  have  fallen  from  530,000?.  in  1890  to  366,500?.  in  1899.  Comparing 
these  figures  with  the  rapidly  increasing  export  trade  of  Germany,  it  is 
seen  that  whereas  formerly  the  English  export  trade  in  artificial  colours 
was  about  one  quarter  that  of  Germany,  it  does  not  now  amount  to  a 
tenth  part.  It  is  therefore  only  too  apparent  that  we  have  had  but  little 
share  in  the  great  increase  which  this  industry  has  experienced  during 
the  past  fifteen  years,  and  that  we  have  not  even  been  able  to  supply  the 
expansion  in  our  own  requirements.  In  order  to  ascertain  what  propor- 
tion of  our  own  needs  we  at  present  furnish,  I  am  able  to  lay  before  you 
the  following  interesting  figures,  which  have  been  kindly  supplied  me  by 
the  Bradford  Dyers'  Association  and  the  British  Cotton  and  Wool  Dyers' 
Association,  who  together  form  a  very  large  proportion  of  the  entire 
dyeing  trade  : — 

Colouring  Matters  used  by  Brac^ford  Byeri  Association, 

English,  10  per  cent. ;  German,  80  per  cent. ;  Swiss,  6  per  cent. ; 
French,  4  per  cent. 

Colouring  Matters  used  by  British  Cotton  and  Wool  Dyers*  Association* 

Aniline  <7o/ot/rs.— English,  22  per  cent. ;  foreign,  78  per  cent. 
Alizarine  Colours, — English,  1*65  per  cent. ;  foreign,  98*35  per  cent. 

The  English  Sewing  Cotton  Company  have  also  very  kindly  supplied 
me  with  a  detailed  analysis  of  their  consumption,  from  which  it  appears 
that  out  of  a  total  of  sixty  tons  of  colouring  matters  and  other  dyeing 
materials  derived  from  coal  tar  only  9  per  cent,  were  of  English  manufac- 
ture. 

The  table  of  statistics,  on  the  next  page,  of  the  six  largest  German 
firms  gives  a  fair  picture  of  the  present  dimensions  of  the  industry  in 
that  country. 

The  joint  capital  of  these  six  firms  amounts  to  at  least  2|f  millions. 
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They  employ  together  about  500  chemists,  350  engineers  and  other 
technologists,  1,360  business  managers,  clerks,  travellers,  <&c.,  and  over 
18,000  workpeople.  Compared  with  such  figures  as  these  the  English 
colour  manufacture  assumes  insignificant  proportions.  The  total  capital 
invested  in  the  coal-tar  colour  tnAe  in  England  probably  does  not  exceed 
500,000^.,  the  total  number  of  chemists  employed  cannot  be  more  than 
thirty  or  forty,  and  the  number  of  workmen  engaged  in  the  manufacture 
does  not  amount  to  over  a  thousand. 

Position  of  the  Six  Largest  Colour  Works  in  Germany  in  Year  1900. 


- 

Badische 
AnUine 
Works 

Melster, 

Lucius,  and 

Brtlning 

Farben- 

fabriken 

Bayer 

and  Co. 

BerUn 

AuiUne 

Co. 

Cassella 
and  Co. 

Farbwerk 

MUhlheim, 

Leonhardt 

and  Co. 

Total 
of  six 
largest 
firms 

capital     . 

Nmnber  of 
Cliemlsts 

Nmnber  of 
engineers, 
dyers,  and 
other 
technol  o  - 

Commer- 
cial staff 
Work- 
people 

£1.060,000 
148 
75 

805 
6,485 

i^838.00b 

•  120 

86 

SIX 
8,555 

£882,000 
•    146 
175 

600 
4,200 

£441,000 
55 
81 

150 
1,800 

Private 
odncem 

I      60 

iro 

1,800 

£157,000 
\     " 

•     450 

/ 

Abont 

£2,500,000 

About 

500 
About 

850 

About 
1,860 
Abont 
18,260 

Dividends 

in  1897 
Dividends 

in  1898 
Dividends 

in  1899 
Dividends 

inl900 

34  per  cent. 

»         n 
n         M 
w        » 

S6  per  cent. 

»       n 

M         M 

10  per  cent. 

18  per  cent. 

It          M 
»          » 

M       n 

12|  per  cent 
15        „ 

»»               M 
? 

Not  known 

n           n 
n           n 
n           n 

9  per  cent. 

3         n 

5        n 

nU 

- 

A  similar  relative  proportion  is  maintained  in  the  number  of  patents 
for  new  colouring  matters  and  other  coal-tar  products  taken  by  the  English 
and  Glerman  firms,  as  is  shown  by  the  following  table  : — 

Comparison  qf  Number  of  Completed  English  Patents  for  Coal-tar  Products 
taken  during  1880-11K)O  by  Six  Largest  English  and  Six  Largest  Oerman 
Firms. 


German  Firms 

English  Firms 

Badische  Aniline  Works 

179 

Brooke,  Simpson,  &  Spiller 

7 

Meister,  Lucius,  &  Brdning    . 

281 

Clayton  Ani  ine  Co. . 

.    21 

Farbfabriken  Bayer  &  Co.      . 

306 

Levinstein        .... 

.    19 

BerUn  Aniline  Co 

119 

Read,  Holliday,  &  Co.      . 

.     28 

L.  Cassella  &  Co 

76 

Clause  Be6      .... 

.       9 

Farbwerk    MOhlheim,    Leonhardt 

W.  G.  Thompson 

.       2 

&Co 

38 

Total  of  six  German  firms 


948 


8G 


Total  of  six  English  firms . 

Nor  does  the  potential  loss  which  we  have  sustained  by  our  inability 
to  take  advantage  of  a  growing  industry  represent  the  sum  total  of  our 
losses.  The  new  colourin^g  matters,  made  almost  exclusively  in  Germany, 
have  in  many  cases  been  rintroduced  as  substitutes  for  natural  products 
which  were  staple  articles  of  English  commerce.  Madder  and  cochineal 
have  been  replaced  by  alizarine  and  azo  scarlets,  the  employment  of  many 
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dyewoods  has  greatly  decreased,  whilst  at  the  present  moment  logwood 
and  indigo  are  seriously  threatened.  Regarding  the  indigo  question  so 
much  has  been  written  that  I  do  not  propose  to  occupy  space  in  its  further 
discussion,  but  will  only  point  out  that  the  complete  capture  of  the  indigo 
market  by  the  synthetic  product,  which  would  mean  a  loss  to  our  Indiaii 
dependencies  of  3,000,000/.  a  year,  is  regarded  by  the  Badische  Company  as 
so  absolutely  certain  that,  having  already  invested  nearly  a  million  pounds 
in  the  enterprise,  they  are  at  present  issuing  750,000/.  of  new  debenture 
capital  to  provide  funds  to  extend  their  plant  for  this  purpose  !  In  the 
last  annual  report  of  the  company  they  say  :  '  As  regards  plant  indigo, 
the  directors  are  prepared  and  determined  to  meet  this  competition  in  all 
its  possible  variations  in  value.  Much  strange  matter  has  been  published 
in  India  as  to  improvements  in  the  cultivation  and  preparation  of  natural 
indigo,  but  the  illusions  of  the  planters  and  indigo  dealers  are  destined  to 
be  dispelled  before  facts,  which,  although  they  are  not  known  to  them, 
will  make  themselves  more  felt  the  larger  the  production  of  artificial 
indigo  becomes.' 

Besides  the  loss  of  material  wealth  which  the  neglect  of  the  coal-tar 
trade  has  involved  to  the  country,  there  is  yet  another  aspect  of  the  ques- 
tion which  is  even  of  more  importance  than  the  commercial  one.  There 
can  be  no  question  that  the  growth  in  Germany  of  a  highly  scientific 
industry  of  large  and  far-reaching  proportions  has  had  an  enormous  efiect 
in  encouraging  and  stimulating  scientific  culture  and  scientific  research  in 
all  branches  of  knowledge.  It  has  reacted  with  beneficial  efiect  upon  the 
universities,  and  has  tended  to  promote  scientific  thought  throughout  the 
land.  By  its  demonstration  of  the  practical  importance  of  purely  theo- 
retical conceptions  it  has  had  a  far-reaching  effect  on  the  intellectual  life  of 
the  nation.  How  much  such  a  scientific  revival  is  wanted  in  our  country 
the  social  and  economic  history  of  the  past  ten  years  abundantly  testifies. 

The  position  with  which  we  are  confronted  is  in  truth  a  lamentable 
one,  and  the  way  out  is  not  so  easy  to  find.  In  1886  it  could  perhaps 
still  be  maintained  that  we  held  the  key  to  the  situation  if  we  chose  to 
make  use  of  it,  inasmuch  as  the  principal  raw  products  of  the  colour 
manufacture  (tar  oils,  naphthalene,  anthracene,  soda,  ammonia,  iron,  kc,) 
were  in  great  measure  imported  from  England.  In  a  speech  to  the 
Academy  of  Sciences  of  Munich  in  1878  Professor  von  Baeyer  had  said  : 
'  Germany,  which  in  comparison  with  England  and  France  possesses  such 
great  disadvantages  in  reference  to  natural  resources,  has  succeeded  by 
means  of  her  intellectual  activity  in  wresting  from  both  countries  a  source 
of  national  wealth.  Gennany  has  no  longer  to  pay  any  tribute  to  foreign 
nations,  but  is  now  receiving  such  tribute  from  them,  and  the  primary 
source  from  which  this  wealth  originates  has  its  home,  not  in  Germany, 
but  in  England.  It  is  one  of  the  most  singular  phenomena  in  the  domain 
of  industrial  chemistry  that  the  chief  industrial  nation  and  the  most 
practical  people  in  the  world  has  been  beaten  in  the  endeavour  to  turn  to 
profitable  account  the  coal  tar  which  it  possesses.  We  must  not,  how- 
ever, rest  upon  our  oars,  for  we  may  be  sure  that  England,  which  at  pre- 
sent looks  on  quietly  while  we  purchase  her  tar  and  convert  it  into  colours, 
selling  them  to  foreign  nations  at  high  prices,  will  unhesitatingly  cut  off 
the  source  of  supply  as  soon  as  all  technical  difficulties  have  been  sur- 
mounted by  the  exertions  of  German  manufacturers.'*     Professor  von 

I  Quoted  by  Mr.  Levinstein,  Jour.  S^'C.  Ckem.  Ind.,  1886,  p.  350. 
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Baeyer  could  not  believe  that  the  English  manufacturer  and  capitalist 
would  stand  calmly  by  and  see  an  important  industry  which  had  had  its 
origin  and  early  development  in  his  own  country  taken  from  beneath  his 
nose  without  an  effort  to  retain  it.  Yet  the  initial  advantages  which  our 
natural  resources  afforded  us  have  been  neglected,  and  now  in  1901  the 
conditions  are  completely  changed.  The  adaptation  of  condensing  plant  to 
the  Westphalian  coke  ovens  has  rendered  Germany,  though  still  a  large 
buyer  from  England,  no  longer  dependent  on  English  tar  and  ammonia  ;  by 
the  development  of  the  ammonia-soda  process  she  no  longer  requires  English 
alkali ;  whilst  all  other  raw  products  of  the  colour  industry  can  now  be 
purchased  in  the  commercial  centres  of  Germany  at  least  as  cheaply  as  in 
England,  and  some  even  at  lower  prices.  Through  the  shortsightedness, 
i'morance,  and  want  of  enterprise  of  those  with  whom  the  care  of  the 
<Slour  industry  in  this  country  has  rested  the  opportunity  has  been 
allowed  to  pass  for  ever.  The  English  capitalist  has  passed  over  as  not 
sufficiently  profitable  for  his  consideration  an  industry  which  at  present 
amounts  to  nine  or  ten  million  sterling  annually,  and  from  which  his 
German  confrere  reaps  a  dividend  of  nearly  20  per  cent.  The  English 
manufacturer  has  considered  that  a  knowledge  of  the  benzol  market 
was  of  greater  importance  than  a  knowledge  of  the  benzol  theory,  and 
after  the  early  but  brilliant  days  in  the  infancy  of  the  industry 
when  guided  by  such  eminent  workers  as  Hofmann,  Perkin,  and 
Nicholson,  commercial  progress  and  scientific  investigation  went 
hand  in  hand,  but  little  encouragement  has  been  given  here  to 
chemical  investigators  and  discoverers.  The  control  of  the  in- 
dustry unfortunately  soon  passed  into  the  hands  of  men  who  had  no 
knowledge  and  absolutely  no  appreciation  of  the  science  upon  which 
their  business  rested,  and,  concerned  only  with  getting  the  ultimate 
amount  of  present  profit,  discouraged  all  scientific  investigations  as  wast© 
of  time  and  money.  The  chemist  who  devoted  himself  to  the  elucidation 
of  the  chemical  constitution  of  a  colouring  matter  was  regarded  by  them 
as  an  unpractical  theorist  of  no  value  to  a  manfacturing  business.  Even 
when  he  discovered  new  colouring  matters  of  commercial  value  they  were 
80  blind  to  their  own  interests,  and  so  incapable  of  believing  that  any- 
practical  good  could  come  out  of  such  theoretical  work,  that  in  many  cases 
they  refused  to  patent  or  in  any  way  take  advantage  of  the  discoveries 
made  by  him.  During  recent  years  this  attitude  has  certainly  undergone 
considerable  modification,  and  some  attempt  has  been  made  to  call  in  the 
aid  of  the  science  so  long  neglected.  Certain  firms  indeed  must  be  given 
the  credit  of  endeavouring  to  pursue  a  more  enlightened  policy,  but  these 
attempts  have  been  of  a  more  or  less  sporadic  nature  and  always  directed 
too  much  in  the  expectation  of  realising  immediate  financial  results.  The 
difficulties  which  must  be  encountered  in  the  attempt  to  regain  the  lost 
ground  are  of  necessity  very  great,  and  are  quite  unappreciated  by  our 
business  men.  It  seems  in  fact  to  have  been  the  opinion  of  the  public 
and  the  average  financial  man  that  this  industry  ought  to  be  easily  won 
back  by  us  by  the  establishment  of  a  few  technical  schools,  the  engage- 
ment of  a  dozen  chemists,  and  the  investment  of  a  few  thousand  pounds 
in  new  plant,  forgetting  that  the  supremacy  of  our  German  competitors 
has  been  gained  by  years  of  patient  toil,  by  the  work  of  hundreds  of 
trained  chemists,  and  by  the  outlay  of  millions  of  capital.  Who  can  be 
surprised  therefore  if  such  expectations  have  not  been  realised,  and  if  in 
spi^  of  some  notable  successes  the  general  position  of  the  colour  trade 
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in  England  at  the  present  day,  at  a  time  when  even  the  German  trade  is 
suffering  from  the  general  depression,  looks  worse  than  at  any  previous 
period  ?  During  years  of  stagnation  in  this  country  the  German  manu- 
facturers have  been  realising  large  profits,  which  they  have  employed  in 
oonsolidating  their  businesses,  writing  off  the  value  of  their  buildings  and 
plant,  and  accumulating  enormous  reserves  (the  reserve  of  the  Badische 
Company  is  over  a  million  pounds)  :  they  have  gathered  round  them 
perfectly  working  organisations,  comprising  enormous  staffs  of  scientifically 
and  practically  trained  research  chemists,  factory  chemists  with  hiehly 
specialised  knowledge,  chemical  engineers,  dyers,  and  others ;  their 
travellers  and  agents  are  in  every  part  of  the  globe  ;  by  long  manufactur- 
ing experience  and  unremitting  endeavour  to  improve  their  processes  and 
plant  they  have  brought  the  yields  and  quality  of  their  products  to  such 
a  state  of  perfection  that  even  when  the  manufacture  of  these  products 
is  no  longer  covered  by  patents  they  are  able  to  produce  them  at  a  cost 
price  wliich  is  impossible  to  anyone  commencing  their  manufacture ; 
they  have  hedged  themselves  about  with  a  perfect  stockade  of  many 
hundreds  of  patents,  have  accumulated  in  their  laboratories  thousands 
of  intermediate  products  ready  at  any  time  to  be  subjected  to  any  new 
treatment  or  combination  which  research  or  theory  may  suggest  as 
likely  to  yield  new  results.  By  the  complete  range  of  colours  which 
they  are  able  to  offer  ia  each  group  of  dyestuffs,  whether  basic  colours, 
acid  colours  for  wool,  fast  colours  dyeing  on  metallic  mordants,  diazotis- 
able  colours,  or  direct  colours  for  cotton,  and  by  the  invaluable  aid  and 
assistance  which  they  can  give  the  dyer  in  his  daily  work,  they  are 
enabled  to  retain  his  custom  even  if  it  sometimes  happens  that  a  better 
and  a  cheaper  article  is  offered  him  by  the  home  producer. 

Where,  then,  are  we  to  look  for  an  improvement  ?  Some  would  find 
a  remedy  in  the  imposition  of  heavy  protective  tariffs  ;  but  such  tarifis  in 
France  have  not  availed  to  prevent  a  similar  state  of  things  there,  and 
protection  in  colouring  matters  might  have  a  very  detrimental  effect  upon 
the  textile  industries  of  the  country.  Others  expect  salvation  from  the 
extension  of  technical  schools  ;  but  laudable  as  is  the  aim  of  these  institu- 
tions, I  cannot  see  how  they  can  effect  much  until  their  raw  material  is  of 
a  very  different  character  from  what  it  is  at  present,  and  until  the  public 
can  be  completely  disabused  of  the  fallacy  that  a  year  or  two  of  technical 
training  pumped  into  an  ignorant  schoolboy  will  produce  a  better  works 
chemist  than  a  university  course  of  scientific  study  laid  upon  the  founda- 
tion of  a  good  general  education.  Mr.  Levinstein  again  bases  his  hopes 
for  the  future  upon  a  reform  of  the  patent  laws,  and  seeks  to  compel  all 
patented  processes  to  be  worked  in  this  country.  Although  I  am  inclined 
to  believe  that  a  portion  of  our  present  troubles  have  been  brought  about 
by  a  bad  patent  law,  framed  mainly  from  an  engineering  and  not  from  a 
chemical  point  of  view,  which  seems  specially  designed  to  foster  foreign 
trade  at  our  own  expense,  yet  I  cannot  attribute  to  this  cause  a  too 
preponderating  influence,  and  am  doubtful  whether  its  removal  now 
would  materiaBy  improve  the  position.  The  remedy  for  the  present  state 
of  affairs  must  of  necessity  be  a  slow  one,  and  in  my  opinion  can  only  be 
found  in  a  better  appreciation  of  the  value  of  science  throughout  the 
length  and  breadth  of  the  land.  Until  our  Government  and  public  men 
can  be  brought  to  realise  the  importance  of  fostering  the  study  of  science 
and  of  encouraging  all  scientific  industries,  until  our  schools  and  universi- 
ties appreciate  the  importance  of  a  scientific  education,  until  the  rewards 
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for  public  serrices  in  science  are  made  equal  to  those  in  other  branches 
of  the  public  service,  so  long  will  science  continue  to  be  held  in  insuf- 
ficient esteem  in  our  country,  and  the  best  and  most  promising  of  our 
rising  young  men  will  be  deterred  from  adopting  chemistry  as  a  profes- 
sion. It  is  not  so  much  the  education  of  our  chemists  which  is  at  fault 
as  the  scientific  education  of  the  public  as  a  whole. 


The  Application  of  the  Equilibrium  Law  to  the  Separation  of  Crystals 
from  Complete  Solutions  and  to  the  Formation  of  Oceanic  Salt 
Deposits.    By  Dr.  E.  Franeland  Armstrong. 

[Ordered  by  the  Council  to  be  printed  in  extefuo,'] 

The  celebrated  deposits  of  Stassfurt  consist,  it  is  well  known,  of  an 
immense  thickness  of  Eock  salt,  interspersed  at  fairly  regular  intervals 
with  narrow  bands  of  anhydrous  Calcium  sulphate  capped  with  beds  rich 
in  Magnesium  and  Potassium  salts.  That  such  salt  deposits  are  of  marine 
origin  is  obvious ;  but  as  their  amount  is  much  greater  than  could  have 
been  derived  from  the  evaporation  of  the  body  of  water  present  on  the 
area  over  which  they  are  distributed,  even  supposing  its  depth  to  have 
been  that  of  the  very  deepest  oceans  yet  known,  a  constant  flowing  in  of 
water  containing  salts  during  the  period  of  evaporation  must  be  assumed 
to  have  taken  place.  As  will  be  obvious  later  on,  the  presence  of  alteruate 
bands  of  Anhydrite  and  Eock  salt  throughout  the  deposits  affords  further 
proof  that  such  an  inflow  must  regularly  have  taken  place. 

Roughly,  the  deposits  may  be  divided  into  the  following  four  regions  : 

1.  Anhydrite  (CaS04). 

2.  Polyhalite  (2CaSO4.MgSO4.K2SO4.2HaO),  about  60  metres  thick. 

3.  Kieserite  (MgS04.H20),  about  30  metres. 

4.  Camallite  (MgCl2.KCl.6H2O),  about  23  metres. 

The  presence  in  these  deposits  of  salts  such  as  Anhydrite  and  Kieserite, 
which  are  not  those  normally  deposited  from  simple  aqueous  solutions,  is 
in  itself  proof  that  the  character  of  the  separation  is  affected  by  the  con- 
ditions— i.e,  the  presence  of  other  salts.  The  problem  has  been  to  deter- 
mine the  exact  conditions  which  would  give  rise  to  such  deposits.  But 
the  consideration  of  the  separation  of  the  salts  from  sea- water  is  merely  a 
special  and  somewhat  complex  case  of  the  more  general  problem  involved 
in  the  study  of  the  separation  of  crystaUine  deposits  from  solution, 
whether  in  the  ordinary  solvents  familiar  to  the  chemist  or  in  solvents 
such  as  are  fused  metals  and  silicates. 

The  work  hitherto  done  in  this  field  has  been  conducted  entirely  by 
van't  Hoff  and  his  pupils,  and  has  already  been  carried  so  far  that  it  is 
possible  almost  completely  to  interpret  the  geological  phenomena  afforded 
by  the  Stassfurt  deposits. 

The  results  fall  under  what  is  commonly  termed  the  Phase  rule  of 
Willard  Gibbs.  No  difficulty  can  arise  in  understanding  them  when 
graphic  methods  are  used. 

It  is  before  all  things  essential  to  bear  in  mind,  in  the  first  place,  that 
a  solution  can  only  be  spoken  of  as  satv/rated  with  a  given  substance  when 
the  substance  is  present  in  the  solid  state  in  contact  with  the  solution. 
Thus,  for  equilibrium  to  exist  in  the  case  of  Sodium  sulphate  it  is  necessary 
to  have  the  salt  in  solution  together  with  the  undissolved  substance.  The 
phase  rule  is  but  an  expression  of  the  fact  that)  in  the  case  of  solutions  in 
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volatile  solvents,  equilibrium — i,e.  saturation — is  attained  at  a  particular 
pressure  at  a  particular  temperature,  and  vice  varsd^  when  n  substances 
are  present  in  n+1  states  or  phases  separable  as  such,  each  such  state 
being  termed  technically  a  phase. ^  It  is  necessary  to  make  this  distinc- 
tion in  order  to  guard  against  the  application  of  the  term  '  phase '  to  the 
radicles  of  salts.  The  whole  investigation  may  therefore  be  considered 
independently  of  the  modem  hypothesis  of  solution,  solely  on  the  basis  of 
facts. 

The  real  difficulty  that  occurs  in  practice  is  to  know  what  are  the 
possible  phases — in  other  words,  to  determine  the  nature  of  the  double 
salts  or  (ustinct  hydrates  that  may  be  formed.  In  the  case  of  saturated 
solutions  of  non-volatile  solids  in  a  volatile  solvent,  as  vapour  of  the 
solvent  is  always  present,  the  solvent  occurs  in  two  phases,  and  therefore 
the  condition  under  which  equilibrium — i.e.  saturation — is  determined  is 
that  n— 1  solids  exist  in  contact  with  the  liquid.  As  the  presence  of 
these  solids  determines  the  equilibrium,  they  may  very  properly  be  spoken 
of  as  equUibratora,  and  this  term  may  be  used  as  the  equivalent  of  the 
somewhat  inexpressive  German  phrase  '  Bodenkorper.* 

The  cases  to  be  considered  are  the  following  : — 

Case  I. — Solutions  satitrcUed  with  a  single  adit. 

In  these  two  constituents  (salt  and  water)  are  present  in  three  phases — 
the  gaseous  phase,  one  liquid  phase,  and  one  solid  phase — and  as  a  rule 
only  one  solia  equilibrator  can  act  at  a  time  ;  but  as  not  only  the  anhydrous 
substance,  but  also  its  various  hydrates,  may  equally  serve  as  equilibrators 
when  hydrates  are  formed,  two  equilibrators— either  the  anhydrous  sub- 
stance and  its  hydrate,  or  two  of  its  hydrates  if  there  be  more  than  one 
possible — may  act  simultaneously  at  some  particular  pressure  and  tem- 
perature, usually  called  the  transition  point.  Obviously  this  complication 
arises  from  a  variation  in  the  behaviour  of  the  substance  relatively  to  the 
solvent  as  the  external  conditions  are  modified.  As  hydrates  only  differ 
in  the  number  of  solvent  molecules  they  contain,  they  are  to  be  regarded 
as  but  one  substance,  the  molecules  of  the  solvent  attached  to  them  being 
left  out  of  account.  In  any  case,  the  presence  in  the  solid  state  as  equi- 
librator of  the  particular  compound  or  compounds  with  which  the  solution 
is  to  be  saturatJBd  is  always  the  essential  factor. 

To  give  an  example  :  in  the  case  of  Sodium  sulphate,  the  monohydrate 
and  decahydrate  coexist  in  equilibrium  with  the  solution  at  32°-65  under 
the  corresponding  vapour  pressure  ;  but  it  follows  from  the  above  that  at 
any  other  temperature  only  one  at  a  time  of  the  hydrates  can  be  in 
equilibrium  with  the  solution,  inasmuch  as  a  single  substance  cannot,  as 
a  rule,  give  rise  to  a  solution  saturated  with  reference  to  two  such  equili- 
brators, the  existence  of  two  such  compounds,  except  at  the  transition 
point,  being  only  possible  in  presence  of  a  second  salt  :  this  serving,  in  fact, 
to  condition  the  change  in  hydration. 

Case  II. — Solutions  saturated  with  two  salts  which  possess  similar  basic 
or  a^cid  radicles^  e,g,y  NaCl,  KCl. 

>  It  must,  however,  be  noted  that  if  there  be  either  n  or  fewer  phases  present, 
equilibriom  is  possible  under  every  set  of  conditions  compatible  with  the  existence 
of  the  phases  considered.  For  example,  in  the  case  of  an  onsatorated  solution  of 
Sodium  chloride  in  presence  of  its  vapour,  no  solid  phase  being  present,  the  vapour 
pressure  of  the  solution  at  each  temperature  is  different  at  different  concentrations : 
and  therefore  a  solution  and  its  vapour  may  be  in  equilibrium  ^t  an^  pressure  within 
the  poBflible  \\m\XM  at  each  particular  temperature, 
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In  these  three  constituents  are  present  in  four  phases,  and  two  solid 
equilibrators  are  necessary,  e,g,,  NaCl  and  KCl.  But  it  must  be  carefully 
borne  in  mind  that  when  a  double  salt  can  be  formed  there  are  two 
possible  cases  of  equilibrium — viz.,  that  in  which  the  double  salt  and  one  of 
the  single  salts  and  that  in  which  the  double  salt  and  the  other  single 
salt  are  in  contact  with  the  liquid. 

Similarly,  when  one  of  the  salts  gives  rise  to  two  or  more  hydrates, 
there  are  several  possible  cases  of  equilibrium,  though  in  this  case  also  the 
presence  of  but  two  equilibrators  at  a  time  is  possible,  as  a  rule.  More- 
over, two  hydrates  of  the  same  substance  may  act  simultaneously  as 
equilibrators,  even  under  conditions  other  than  those  obtaining  at  the 
transition  points,  as  another  substance  is  present.  A  case  of  this  kind  is 
afforded  by  the  fonnation  of  solutions  saturated  with  the  two  hydrates  of 
Magnesium  sulphate  in  presence  of  Magnesium  chloride. 

Case  III. — Solutions  saifu/rcnted  with  two  saUa^  whose  basic  cmd  aeidio 
radicles  are  different  and  which  therefore  can  interact. 

Magnesium  sulphate  and  Potassium  chloride  may  be  quoted  in  illus- 
tration of  this  case.  In  solution  these  interact  in  the  manner  expressed 
by  the  equation 

KaOlj+MgSO^  :^  K2S04+MgCl2, 

one  or  other  couple  being  stable,  according  to  the  conditions  ;  such  pairs 
of  salts  are  therefore  conveniently  spoken  of  as  reciprocal  salt  pairs, 

A  solution  of  two  such  salts  may  be  supposed  to  consist  of  /our  sub- 
stances— ^the  solvent  and  three  of  the  four  possible  salts — in  five  phases 
and  not  of  five  substances  in  six  phases  as  the  rule  would  seem  to  require. 
The  fourth  salt  being  always  obtainable  from  the  other  three,  from  the 
standpoint  of  the  phase  rule  the  four  salts  are  derivable  from  only  three 
substances  :  thus  the  stable  pair  at  a  certain  temperature  being,  let  us 
say,  K2CI2  +  MgS04,  these  will  exist  together  with  either  K2SO4  or  MgCla, 
but  not  with  both,  as  the  two  cannot  be  together  without  interacting  to 
form  the  stable  pair. 

Although  in  the  case  of  a  reciprocal  salt  pair  only  three  equilibrators 
are  essential  to  secure  saturation,  and  this  is  the  maximum  number  that 
can  act  simultaneously,  except  at  a  transition  point,  the  number  of  com- 
binations of  three  which  are  possible  may  be  considerable.  In  the  case  of 
KCl  and  MgS04,  which  can  give  rise  not  only  to  K2SO4  and  MgClj,  but 
also  to  various  double  salts  and  hydrates,  experience  indicates  that  (at 
temperatures  about  25°)  in  all  seven  substances  may  be  formed — viz., 
KCl,  K.SO4,  MgClj-GHaO,  MgS04.7H20,  MgS04.6H20,  Schonite 
(K2SO4.MgSO4.6H2O)  and  CamaUite  (MgCl2.KCl.6H2O).  As  each  of 
these  should  serve  as  an  equilibrator,  and  there  are  mathematically  thirty- 
five  ways  of  combining  three  out  of  seven  substances,  the  problem  at  first 
seems  very  complicated.  In  practice,  however,  it  is  found  that,  for  example, 
K2SO4  and  MgS04  cannot  exist  together,  but  always  form  the  double  salt 
Schonite ;  and  that  in  a  similar  manner  MgCl2  and  KCl  give  rise  to 
Camallite,  so  that  finally  the  number  of  possible  sets  of  three  equilibrators 
is  reduced  by  experiment  to  five.  In  the  case  of  a  mixture  of  KNO3, 
NaNOg,  KCl,  and  NaCl,  as  neither  double  salts  nor  hydrates  are  formed, 
the  conditions  are  simplified,  and  only  four  sets  of  three  equilibrators  can 
be  chosen.  In  practice  the  determination  of  the  number  of  forms  stable 
under  the  conditions  of  experiment  often  gives  rise  to  considerable  diffi- 
culty ;  and  it  must  not  be  forgotten  that  the  problem  can  only  be  solved 
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experimentally,  the  phase  rule  itself  giving  no  assistance  in  this  part  of 
the  inquiry :  in  fact,  the  only  purpose  it  serves  is  to  limit  the  number 
of  the  equilibrators. 

Case  IV. — All  oases  in  which  other  salts  are  added  to  a  reciprocal 
salt  pair  resolve  themselves  into  the  general  case  of  x  substances  occur- 
ring in  a; -hi  phases,  and  therefore  requiring  a;  —  1  equilibrators.  The 
number  of  substances  which  can  act  as  equilibrators  may  be  very  large, 
and  of  course  can  only  be  ascertained  by  experiment :  when  their 
number  is  determined  the  various  ways  of  associating  them,  taken  x^l 
at  a  time,  are  readily  deduced.  Experiment  is  then  again  required  to 
eliminate  those  which  are  incompatible.  In  special  cases  a  simplifica- 
tion may  be  introduced  by  taking  one  or  more  salts  as  always  present 
among  the  equilibrators.  Thus,  in  the  case  of  sea  water,  Sodium 
chloride  and  Calcium  sulphate  are  always  taken  as  two  of  the  equilibrators. 

Experimental  Metliods, 

The  data  required  in  drawing  diagrams  to  represent  the  composition 
of  saturated  solutions  and  the  order  in  which  salts  are  deposited  from 
them  are  arrived  at  by  means  of  determinations  of  solubility.  As  a 
knowledge  of  the  character  of  the  substances  which  can  exist  separately 
is  essential,  a  preliminary  investigation  must  often  be  carried  out  to 
determine  the  conditions  under  which  given  double  salts  or  hydrates  are 
stable,  or  the  synthesis  of  such  compounds  may  have  to  be  effected  for 
the  first  time.  A  variety  of  methods  are  made  use  of  in  this  part  of  the 
inquiry,  the  determination  of  volume-change  by  means  of  the  dilatometer, 
and  of  vapour-pressure  by  means  of  the  tensimeter,  being  of  special 
importance  in  establishing  transition  points. 

The  precautions  to  be  observed  in  determining  solubilities  are  often 
insufficiently  appreciated.  The  exact  method  followed  in  van't  HofiTs 
laboratory  may  therefore  be  described. 

The  determinations  have  hitherto  been  made  at  25^,  this  temperature 
being  both  easy  to  reach  in  the  laboratory  and  to  maintain  constant, 
whilst  probably  not  so  very  far  removed  from  that  which  may  have 
prevailed  at  the  time  the  Stassfurt  deposits  were  laid  down. 

A  large  water-bath  is  used  as  thermo-regulator,  its  temperature  being 
kept  constant  by  means  of  a  modified  Ostwald  Calcium  chloride  regulator, 
whilst  for  smaller  baths  a  regulator  on  the  same  principle  filled  with 
toluene  is  used.  It  is  essentiaJ  to  use  weighed  quantities  of  everything, 
so  that  the  approximate  composition  of  the  solution  may  be  ascertained 
by  calculation  at  any  moment. 

The  determinations  are  made  in  a  large  test  tube,  about  3  cm. 
broad  and  30  cm.  long,  immersed  as  deeply  as  possible  in  the  bath. 
The  contents  are  kept  in  violent  agitation  by  means  of  a  screw-shaped 
glass  stirrer  passing  though  a  piece  of  glass  tubing  inserted  in  the 
tightly  fitting  stopper  of  the  test  tube  :  this  stirrer  is  actuated  by  a  small 
motor.  If  the  tube  be  selected  so  that  the  rod  of  the  stirrer  just  fits  it, 
and  a  little  grease  be  inserted,  no  loss  of  water  by  evaporation  is  to  be 
feared. 

The  solubility  determinations  are  carried  out  by  stirring  weighed 
quantities  of  the  substances  with  a  known  quantity  of  water,  an  excess  of 
solid  being  always  used.  When  approximately  saturated,  the  solution  is 
cbaracteritfed|in  some  way,  «.y.,  by  ascertaining  its  density.  In  determining 
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the  solubility  of  mixtures,  each  of  the  equilibrators  is  then  added 
and  the  liquid  stirred  during  twenty-four  hours,  when  the  density  is  again 
determined.  To  ascertain  whether  the  necessary  equilibrators  are  all 
present  some  of  the  solid  is  microscopically  examined  ;  and  to  leave  no 
room  for  doubt  a  few  c.c.  of  the  solution  are  left  in  contact  with  a  clear 
crystal  of  each  equilibrator  in  a  test  tube  at  25°  during  twenty-four  hours 
to  see  if  this  remain  unaltered.  The  solution  having  been  analysed  is 
then  again  stirred  during  a  further  period,  more  of  each  equilibrator  being 
added,  and  the  tests  and  analyses  are  repeated  ;  if  the  results  agree,  the 
solution  is  regarded  as  saturated.  For  minor  details,  often  of  consider- 
able importance,  the  original  publications  must  be  consulted.  The  best 
test  of  saturation  is  to  maintain  the  solution  in  contact  with  a  sharply 
defined  crystal  of  an  equilibrator :  should  this  remain  unaltered,  the 
solution  is  in  equilibrium  with  it.  It  may  seem  that  the  precautions 
described  are  exaggerated,  but  experience  shows  that  this  is  not  the  case, 
a  curious  lag  in  the  formation  of  a  compound  being  often  met  with  which 
prevents  the  attainment  of  equilibrium — indeed,  this  is  one  of  the  chief 
difficulties  in  such  inquiries. 

The  Graphic  Expression  of  the  Remits, 

Case  I. — As  a  typical  simple  case,  a  solution  containing  the  chlorides 
of  Sodium  and  Potassium  may  be  taken  ;  these  salts  neither  give  rise  to 
double  salts,  nor  are  they  capable  of  existing  in  various  hydrate  forms. 
On  evaporating  at  a  constant  temperature  a  solution  containing,  say, 
equal  molecular  quantities  of  the  two  chlorides,  the  solution  will  first 
become  saturated  with  the  less  soluble — viz.,  KOI — and  this  will  separate 
as  the  solution  becomes  concentrated.  Subsequently  the  solution 
becomes  saturated  with  Sodium  chloride  as  well  as  with  Potassium 
chloride  ;  from  this  point  onwards,  two  solid  equilibrators  being  present, 
further  concentration  will  cause  the  separation  of  both  salts  in  constant 
proportions  and  the  solution  will  gradually  evaporate  without  altering  in 
composition.  To  construct  the  diagram,  therefore,  three  determinations 
are  necessary ~ viz.,  the  composition  of  the  solutions  saturated  with 
(a)  NaOl,  (6)  KCl,  (c)  both  NaCl  and  KCl. 

It  is  convenient  to  express  the  solubility  as  the  proportion  which  the 
number  of  molecules  of  dissolved  salt  bears  to  1000  molecules  of  water. 

If  the  solubilities  of  the  pure  substances  are  plotted  on  rectangular 
co-ordinates,  that  of  the  one  as  influenced  by  the  other  will  be  represented 
by  a  point  inside  the  rectangle.  In  the  following  diagram  the  line  AG 
represents  the  change  in  the  amount  of  Sodium  chloride  in  the  saturated 
solution  as  the  amount  of  Potassium  chloride  increases,  whilst  bc  gives 
the  change  in  the  amount  of  Potassium  chloride  in  the  saturated  solution 
as  the  amount  of  Sodium  chloride  increases.  This  diagram  therefore 
expresses  the  composition  of  all  possible  solutions  containing  both  Sodium 
and  Potassium  chlorides  at  25°  ;  obviously  : 

(1)  All  solutions  falling  on  the  line  acb  are  saturated  with  the  one 
or  the  other  salt,  and  wiUi  both  at  the  point  c,  whilst  (2)  unsaturated 
solutions  are  represented  by  the  region  inside  the  figure  oacb  and 
(3)  supersaturated  solutions  by  the  region  outside  acb. 

It  is  important  to  bear  in  mind  that,  as  the  diagram  shows,  on  pro- 
ceeding from  the  origin  o  towards  any  point  on  the  line  acb,  the 
9olation  remains  unsaturate  until  ths^t  line  is  reached.    At  points 
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between  b  and  c  Potassium  chloride  alone  separates  ;  at  points  between 
A  and  c  Sodium  chloride  alone.  The  point  c  is  that  at  which  alone  the 
two  salts  mutually  saturate  the  solution,  and  at  which,  on  further  evapo- 
ration, they  separate  together  in  constant  proportions. 

Cask  II. — Whereas  in  the  above  case  the  two  salts  were  considered 
to  be  incapable  of  acting  on  each  other,  in  general  the  formation  of  a 
double  salt  is  possible.  It  is  to  be  borne  in  mind,  however,  that  the 
double  salt  is  not  to  be  regarded  as  a  distinct  substance,  and  an  addi- 
tional equilibrator  is  therefore  not  required.  As  an  example,  ECl  and 
MgCl^.GH^O  may  be  taken,  which  give  rise  to  Camallite,  a  double  salt  of 
great  importance  in  natural  deposits.  In  such  a  case  a  stable  system  is 
formed  when  only  the  one  or  the  other  of  the  two  simple  salts  coexists  with 
the  double  salt,  except  at  the  transition  point ;  at  all  other  points,  when 
either  is  present  in  excess,  it  acts  on  the  other,  forming  a  fresh  quantity 

Fig.  1. 
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of  double  salt.  The  four  determinations  of  solubility  to  be  made  in  the 
case  in  question  are  (1)  that  of  KCl,  (2)  that  of  MgCl3.6H..O,  (3)  that  of 
CamaUite  and  KCl,  (4)  that  of  Camallite  and  MgCl^.GH^O. 

On  plotting  the  values  as  before,  the  diagram  on  page  268  is  obtained 
(fig.  2).  In  this  the  line  ab  represents  the  manner  in  which  the 
amount  of  Potassium  chloride  present  in  the  saturated  solution  changes 
as  the  amount  of  Magnesium  chloride  is  increased.  At  the  point  b  the 
solution  is  saturated  with  Potassium  chloride  and  Camallite.  In  the 
region  obo  Potassium  chloride  is  no  longer  present  as  such,  but  only  as 
Camallite,  and  the  slope  bo  represents  the  gradual  depletion  of  the  solu- 
tions saturated  with  Camallite  as  the  amount  of  Magnesium  chloride 
in  solution  increases.  At  the  point  c  the  solution  is  saturated  with 
Camallite  and  Magnesium  chloride,  the  line  dg  showing  the  decrease  in 
the  amount  of  Magnesium  chloride  in  the  saturated  solution  as  the  amount 
of  Potassium  chloride  present  increases,    Opl^  Magnesium  chloride  apd 
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Camallite  are  present  in  the  region  odc.  The  difference  between  the 
regions  obc  and  odc  consists  in  the  fact  that  in  the  former  Camallite, 
and  in  the  latter  Magnesium  chloride,  predominates,  one  or  other  of  these 
salts,  as  the  case  may  be,  separating  when  the  solution  is  concentrated.  In 
both  cases  the  composition  of  the  solution  tends  towards  that  represented 
by  the  point  c.  When  this  point  is  reached  Magnesium  chloride  and 
Camallite  are  deposited  together  in  constant  proportions,  the  solution 
evaporating  to  dryness  without  further  change  of  composition.  It  will 
hence  be  obvious  that  the  point  c  is  one  of  critical  importance,  as  defining 
the  conditions  under  which  the  final  crystallisation  takes  place.  It  is 
termed  by  German  workers  the  *  Krystalliaations  EndpuvJct  * — the  ter- 
minus of  crystallisation.  The  determination  of  such  points  is  the  object 
in  view  in  discussing  a  problem  such  as  that  afforded  by  the  Stassfurt 
deposits. 

It  is,  however,  necessary  to  make  one  more  stipulation  in  order  to 
render  the  previous  statements  universally  true — viz.,  that  the  regular 
sequence  of  crystallisation  may  not  be  followed  unless  the  product  which 
separates  is  periodically  removed  from  contact  with  the  solution.  If  this 
be  not  done,  secondary  action  may  take  place,  and  the  product  at  first 
formed  may  be  eaten  up  again  by  the  solution.  For  example,  if  after 
reaching  the  point  b  the  deposited  Potassium  chloride  be  not  removed, 
on  further  concentration,  as  two  equilibrators  are  present,  the  solution  will 
evaporate  without  changing  its  composition  ;  but  as  a  large  excess  of 
Magnesium  chloride  is  present,  and  this  gradually  comes  into  operation 
as  water  is  removed,  Potassium  chloride  will  be  continually  re- dissolved 
(42*5  mols.  K2CI2  per  100  mols.  Camallite  deposited).  As  soon  as  all 
solid  Potassium  chloride  is  removed,  the  deposition  of  Camallite  causes 
the  composition  of  the  solution  to  change  until  the  'end-point'  c  is 
reached.  In  interpreting  such  diagrams,  therefore,  it  is  to  be  assumed 
that  the  products  deposited  are  removed  from  solution  at  the  proper 
moment.  It  may  be  supposed  that  this  often  takes  place  in  nature  through 
the  deposition  of  a  protecting  layer  of  mud. 

Case  III. — Reciprocal  salt  pairs.  As  an  example  may  be  taken  the 
reciprocal  salt  pair  which  is  of  greatest  importance  in  the  investigation  of 
sea  water — i.e.,  that  represented  by  the  equation 

MgCl2+K2S04  ;i  KgClj+MgSO,. 

These  salts  give  rise  to  two  double  salts,  and  at  least  two  hydrates  of 
MgS04  have  to  be  considered  ;  therefore  it  is  necessary  to  determine  the 
composition  of  the  saturated  solutions  of  the  stable  combinations  of  seven 
substances,  taken 

(a)  Singly, 
^*  {h)  In  pairs, 

(c)  Three  at  a  time. 

The  table  on  page  270  shows  the  composition  of  the  various  solu- 
tions fulfilling  the  conditions  of  equilibrium. 

Considering  the  table  in  detail,  in  the  case  of  solutions  saturated 
with  a  single  salt  it  is  only  necessary  to  point  out  that  the  Potassium 
chloride  is  expressed  in  double  molecules,  as  a  system  of  equivalent  nota- 
tion must  be  used.  The  meaning  of  the  figures  appended  to  the  solutions 
saturated  with  two  salts  is  in  most  cases  at  once  apparent,  but  the  solution 
H  requires  a  few  words  of  explanation,  as  the  equilibrators  in  this  case 
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are  not  the  only  necessary  constituents.  The  simultaneoos  existence  ot 
the  two  hydrates  of  Magnesium  sulphate,  as  already  pointed  out,  is  only 
possible  when  the  solution  contains,  in  addition,  a  certain  proportion  of 
Magnesium  chloride — viz.,  73  molecules,  the  determination  of  which  is  the 
outcome  of  tentative  trials. 


Molecules 

Total 
no.  of 
mols. 

At  25°  1000  molecoleB  H^O  dissolve 

K^Cl, 

K,804 

MgS04 

MgCla 

1.  Solutions  saturated  with  a  single  salt : 

A.  KCl 

44 
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C.  MgSO.JH^O 

— 

— » 

58 

— 

58 

D.  MgCl,.6H,0 

— 

— 

— 

108 

108 

2.  Solutions  saturated  with  two  salts  : 

~*  '"*  —  .~  ~ 

42 

H 

— 

— 

43i 

— 

16 

22 



38 

— 

14 

.S8 



52 

— 

— 

15 

73 

88 

— 

— 

14 

104 

118 

1 

— 

— 

105 

106 

3. 

M.  K 

6i 

— 

— 

72J 

78 

25 



11 

21 

57 

N.  K                                                     Ufi . 

9 



16 

55 

80 

P.  K 

8 

— 

16 

62 

85 

Q.  K 

H 

— 

13i 

70 

88 

R.  M 

• 

2 

— 

12 

99 

113 

Turning  to  solutions  saturated  in  presence  of  three  equilibrators,  a 
difficulty  arises  in  expressing  the  composition  of  the  solution,  as  chemical 
analysis  only  gives  a  measure  of  the  amount  of  the  various  radicles  pre- 
sent, and  affords  no  information  whatever  as  to  the  nature  of  the  salts 
present  and  their  relative  amounts — i.e,,  apart  from  hypothesis  nothing  i« 
Known  as  to  the  state  in  which  salts  exist  in  solution.  As  in  practice  the 
solution  is  saturated  in  presence  of  three  known  salts,  its  constitution  is 
most  rationally  represented  by  expressing  the  analytical  results  as  much  as 
possible  in  terms  of  these.  However,  bearing  in  mind  the  equation  for  a 
reciprocal  salt  pair,  and  the  fact  that  the  constitution  of  a  solution  is 
expressed  in  molecular  proportions,  a  little  consideration  shows  that  it  is 
of  minor  importance  how  the  composition  of  the  solution  is  expressed, 
the  important  fact  being  that,  when  saturated  in  presence  of  three  known 
substances,  it  has  a  definite  chemical  composition.  The  table  pnnted 
above  shows  the  composition  of  the  sixteen  saturated  solutions  which 
can  be  made  by  using  one  or  more  of  the  equilibrators  derivable  from  the 
reciprocal  salt  pair.  Geometrically,  there  are  many  possible  ways  of 
graphically  representing  such  a  set  of  results — that  chosen  by  van't  Hoff 
practically  involves  plotting  the  four  salts  on  axes  at  right  angles  to  each 
other  in  such  a  manner  that  reciprocal  salts  are  measured  in  opposite  direc- 
tions on  the  same  axis.  In  such  a  diagram  (fig.  3)  the  solutions  saturated 
with  a  single  salt  are  represented  by  points  on  the  axes,  all  other  saturated 
solutions  giving  points  between  the  axes.  Thus,  the  points  a,  b,  c,  and 
D  fall  on  the  four  axes,  whilst  a  point  e  representing  the  solution  saturated 
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in  presence  of  KCl  and  K2SO4  is  plotted   42  units  along  the  KgCl^ 
axis  (to  the  right)  and  1*5  unit  along  the  K5SO4  axis  (downwards). 

Turning  to  the  point  M  (1000HiO  +  25K3Cl3,+  llMgSO4  +  21MgCy, 
and  similar  points  representing  solutions  saturated  in  presence  of  three 
equilibrators,  and  bearing  in  mind  the  fact  that  the  composition  of  the 

Fia.  8. 


Co-ordlnat€i               | 

ox  axis 

OY  axlB  Vertical  axte 

A 

+44 

_ 

44 

B 

— 

-  12 

12 

C 

-58 



68 

D 

— 

+  108 

108 

'b 

+  48 

-     1-6 

43-6 

F 

-W 

-  IC 

88 

G 

-38 

-  14 

62 

H 

-16 

+  78 

88 

J 

-14 

+  104 

118 

K 

+  1 

+  106 

loe 

L 

+  6-6 

+  78-6 

78 

M 

+  14 

+  21 

67 

N 

-  7 

+  55 

80 

P 

-  7 

+  62 

86 

Q 

-  9 

+  70 

88 

R 

-10 

+  99 

118 

solution  cannot  be  expressed  in  terms  of  less  than  three  salts,  it  is  obvious 
that  a  correct  geometric  representation  can  only  be  obtained  by  the  use  of 
three  co-ordinates.  The  method  chosen  has  been  to  plot  the  reciprocal  salt 
pairs  on  axes  at  right  angles  in  a  plane,  and  the  total  number  of  molecules 
in  solution  on  a  third  axis  vertically  upwards  from  this  plane.  The  sur- 
faces passing  through  points  in  space  tnus  obtained  represent  areas  within 
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which  the  solutions  are  saturated  with  a  given  substance.  By  joining  the 
points  in  the  horizontal  plane,  areas  are  obtained  which  represent  in 
plan  the  surfaces  in  space  just  referred  to. 

To  plot  the  horizontal  plan  some  thought  is  necessary,  as  there  are 
three  salts  to  be  represented  on  two  axes  and  therefore  one  of  the  salts 
must  be  eliminated.  In  the  case  under  consideration,  in  which  Magnesium 
chloride  and  Potassium  sulphate  are  the  reciprocal  salts  on  the  one  axis,  to 
plot  Magnesium  chloride,  Potassium  sulphate  must  be  eliminated.  This 
is  already  done  in  the  case  in  question  in  calculating  out  the  results  given  in 
the  table  on  p.  270  ;  therefore  it  suflBces  to  measure  off  twenty-one  MgCl^ 
units  upwards  from  the  origin.  As  Potassium  chloride  and  Magnesium 
sulphate  are  the  reciprocal  salts  represented  on  the  second  axis,  to  plot 
Potassium  chloride.  Magnesium  sulphate  must  be  eliminated,  or  vice  versd. 
To  do  this,  it  is  only  necessary  to  bear  in  mind  that 

25K,C1,+ 1  IMgSO^ + 21MgCla 
=25K,+(ll+21)Mg+llSO,+(25  +  21)Cl« 

which,  assuming  the  SO4  to  be  present  wholly  as  K2SO4,  in-order  to  elimi- 
nate MgSOi,  gives 

llK,S04+UKaCl,+32MgCla. 

Therefore  fourteen  units  of  Potassium  chloride  are  measured  off  on  the 
K2CI2  axis  from  the  origin.  In  practice  the  straightforward  geometric 
method  needs  only  to  be  followed,  and  the  number  of  molecules  of  the 
one  salt,  less  the  number  of  molecules  of  its  reciprocal,  may  be  measured 
off  on  the  one  axis,  the  value  deduced  from  the  corresponding  pair  being 
measured  off  on  the  other.  The  five  points  m,  n,  p,  q,  and  R,  when  so 
plotted,  fall  inside  the  framework,  and  to  complete  the  diagram  are  joined 
to  one  another,  or  to  the  appropriate  points  on  the  framework — t.c,  to  those 
representing  solutions  saturat^sd  in  presence  of  two  of  the  three  equilibra- 
tors  present  at  the  particular  point  inside  the  diagram.  Thus  the  point 
M,  representing  a  solution  saturated  in  presence  of  KCl,  "E^Ot,  and 
Schonite,  is  joined  to  the  points  E,  representing  a  solution  saturated  in 
presence  of  KCl  and  K2SO4,  and  f,  representing  a  solution  saturated  in 
presence  of  K^04  and  Schonite,  but  not  to  either  6  or  l,  as  these  represent 
solutions  saturated  in  presence  of  only  one  of  the  three  equilibrators.  The 
lines  divide  the  diagram  into  areas  or  fields,  each  field  representing  a 
solution  saturated  with  but  one  salt  in  presence  of  varying  quantities  of 
other  salts. 

To  complete  the  graphic  representation,  ordinates  are  erected  at  each 
point  of  equilibrium  representing  the  total  number  of  molecules  in  solu- 
tion. The  surfaces  touching  the  extremities  of  these  ordinates  represent 
the  various  saturated  fields. 

To  complete  the  model  it  is  necessary  to  join  the  origin,  o,  by  triangular 
surfaces  to  each  of  the  marginal  points,  A — L  ;  the  hollow  surface  so 
formed  is  the  true  base  of  the  model.  Fig.  4  is  reproduced  from  a  photo- 
graph of  a  rough  cardboard  model  so  constructed.  The  model  is  supported 
in  its  true  position  on  the  plane  diagram  by  cardboard  sheets  which 
represent  the  vertical  co-ordinates  at  all  points  on  the  outer  edges  of  the 
diagram. 

In  interpreting  the  model  it  is  to  be  noted  that  points  within  the 
solid  represent  the  compositions  of  all  possible  solutions.  Points  within 
the  fields  on  the  upper  surfaces  represent  solutions  saturated  with  one. 
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whilst  points  lying  on  edges  other  than  those  at  the  margin  represent 
solutions  saturated  with  two,  and  the  angular  points  solutions  saturated 
with  three  equiiibrators.  On  account,  however,  of  the  number  of  marginal 
points  to  each  field — in  no  case  fewer  than  four — the   upper  surfaces 

Fig.  4. 


Model  of  Solutions  derived  from  the  Recipiooal  Salt  Fair  MgCl,+K^O«. 

cannot  be  represented  by  single  planes,  and  the  information  at  present 
available  is  not  sufficient  to  determine  their  character  ;  they  are  therefore 
not  introduced  into  the  model.  ^ 

*  To  constract  the  model,  the  lengths  of  the  edges  terminating  at  o  are  calca 
lated  from  the  co-ordinates  of  the  marginal  angular  points — each  length  being 
Vaj«+y*  +  2;«,  where  x,  y,  and  z  are  the  co-ordinates  of  the  points  considered — whilst 
the  lengths  of  the  other  edges  are  best  found  by  graphical  construction.  The 
triangles  forming  the  hollow  base  are  then  drawn  and  cat  oat  in  one  piece  from 
a  sheet  of  stiff  cardboard  which  is  then  bent  roand  and  fastened  in  position  by  a 
strip  of  tough  paper  gummed  along  the  edge.    The  edges  of  the  upper  surfaces  are 
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In  working  backwards  it  must  be  borne  in  mind  that  a  <}iag1ram  such 
as  fig.  3  is  not  alone  sufficient  to  give  complete  information  about  a 
reciprocal  salt  pair.  Only  two  of  the  three  values  required  can  be  deduced 
from  it ;  to  obtain  the  third,  either  the  model  must  be  used,  or  a  table 
showing  the  composition  of  the  various  saturated  solutions,  such  as  that 
on  page  270,  must  be  referred  to. 

Thus,  assuming  the  composition  of  a  solution  to  be  that  represented  at 
M  in  diagram,  fig.  3,  it  is  obvious  that  the  *  plane '  co-ordinate  values  are 
2 1  MgCl2  + 1 4K2CI2.  On  reference  to  the  model  or  table  it  is  seen,  however, 
that  solution  M  contains,  when  saturated,  57  molecules  of  dissolved 
salt ;  therefore  the  number  of  other  molecules  present  is  57— (21  + 14)= 22. 
But  it  is  to  be  remembered  that  these  consist  of  two  reciprocal  salts,  and 
that  in  constructing  the  diagram  one  member  of  the  pair  was  equated 
against  the  other,  so  that  only  half  the  22  molecules  in  solution  are  to  be 
regarded  as  present  as  sulphate — in  this  case  MgS04 — and  the  remaining 
11  molecules  are  considered  to  be  molecules  of  KoClj,  and  are  added  to 
the  number  of  molecules  read  off  from  the  diagram.  The  constitution  of 
the  solution  at  m  is  therefore  : 

21MgCl2  +  (U  +  ll)K2Cl2+llMgSO,. 

Before  passing  to  the  consideration  of  the  diagram  thus  constructed,  it 
is  necessary  to  realise  that  the  points  of  equilibrium  situated  on  the 
margin  are  not  all  of  the  same  order  of  stability.  In  cases  in  which 
double  salts  are  formed,  the  deposition  of  the  double  salt  necessarily 
follows,  but  never  attends,  that  of  the  less  soluble  constituent.  That  thia 
should  be  the  case  is  obvious  when  it  is  borne  in  mind  that,  as  water  is 
removed,  the  more  soluble  constituent — the  action  of  which  is  more  or  less 
impeded  by  the  water — is  able  to  combine  with  the  less  soluble  to  form  a 
further  quantity  of  double  salt.  The  same  argument  applies  to  hydrates  : 
as  water  is  removed  from  the  solution  the  other  salts  present  gradually 
assert  a  dehydrating  effect. 

The  points  F,  H,  L  on  the  diagram  are  cases  of  this  kind,  and  therefore 
they  are  united  by  dotted  instead  of  by  full  lines  to  the  appropriate  points 
within  the  diagram.  In  indicating  the  direction  in  which  crystallisation 
proceeds  arrows  are  therefore  drawn  through,  and  not  towards,  these  points. 

To  illustrate  the  way  in  which  the  diagram  is  read  several  cases  may 
be  taken. 

At  B  the  solution  contains  only  Potassium  sulphate.  At  a  point  on 
B  E  a  little  to  the  right  of  b  there  is  a  small  amount  of  chloride  present ;  on 
evaporating  such  a  solution  change  proceeds  along  the  line  b  e.  Potassium 
sulphate  alone  separating  until  the  point  B  is  reached,  when  Potassium 
chloride  will  also  be  deposited.  The  solution  will  then  dry  up  without 
changing  its  composition. 

Similarly,  starting  from  a  point  x  a  little  to  the  right  of  b,  but  a  little 
above  b  e  and  within  the  Potassium  sulphate  field,  the  track  followed  will 
be  along  a  line  B  x  produced,  until  E  M  is  reached,  which  then  becomes 
the  track. 

It  may  not  be  superfluous  to  add  that  the  track  followed  from  any 
point  X  within  the  diagram  is  always  along  a  line  drawn  through  x  from 
the  point  at  which  the  field  is  saturated  with  its  characteristic  salt. 

represented  by  narrow  strips  of  cardboard  of  the  required  length ;  and  the  vertical 
ordinates  of  the  angolar  points  M  to  b  are  represented  by  stripe  of  cardboard  fixed 
to  the  base  of  the  model 
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On  the  other  hand — and  the  case  is  somewhat  more  complicated — at  a 
point  on  B  F,  a  little  to  the  left  of  b,  the  solution  contains  a  small  amount 
of  Magnesium  sulphate,  the  reciprocal  of  the  Potassium  chloride  con- 
sidered in  the  previous  case.  On  evaporating  such  a  solution,  change 
proceeds  along  the  line  B  p,  K2SO4  separating  as  before  until  the  point  p 
is  reached.  The  character  of  the  subsequent  change  will  be  determined 
by  the  presence  or  absence  of  Potassium  sulphate  :  if  it  be  removed, 
crystallisation  proceeds  along  p  G ;  but  if  it  be  left  in  contact  with  the 
solution  Schonite  is  continually  deposited,  the  composition  of  the  liquid 
remaining  unchanged  until  the  whole  of  the  Potassium  sulphate  originally 
deposited  is  redissolved  by  the  excess  of  the  Magnesium  sulphate  in  the 
solution.  Only  then  will  crystallisation  proceed  along  f  g,  and  when  g  is 
reached  the  liquid  will  dry  up  without  farther  change  in  composition. 

Starting  within  the  diagram,  again  in  the  K2SO4  field — say'  from  a 
point  Y,  a  little  to  the  left  of  b  and  a  little  above  b  f — the  track  followed 
will  be  along  the  line  b  y  produced  until  f  m  is  reached  at  a  point /m.  If 
the  Potassium  sulphate  be  then  removed,  the  Schonite  field  is  entered. 
To  determine  the  course  followed  across  this,  it  is  to  be  noted  that  the 
point  at  which  Schonite  alone  is  present  in  a  saturated  solution  must  be 
taken  as  the  origin.  To  deduce  this  we  have  to  bear  in  mind  that  the 
line  GF  represents  the  manner  in  which  the  solubility  of  Schonite  varies 
as  the  proportions  of  Magnesium  and  Potassium  sulphates  vary ;  there- 
fore the  theoretical  solubility  of  Schonite  alone — i.e.,  when  there  is  no 
excess  of  either  of  the  single  salts  present — is  at  a  point  f'  on  o  f  produced 
equidistant  from  the  two  axes  on  which  the  separate  salts  are  plotted — 
i,e.y  on  the  line  bisecting  the  angle  b  o  c. 

The  track  followed  across  the  Schonite  field  will  therefore  be  in  the 
direction  p'/m  produced.  When  m  n  is  reached  Potassium  chloride  will 
separate.  It  will  be  obvious  that  to  reach  the  MgS04.7H20  field  it  would 
be  necessary  to  have  but  little  chloride  present. 

Beyond  N  Schonite  gives  way  to  Msignesium  sulphate  heptahydrate, 
which  is  deposited  together  with  Potassium  chloride  until  ?  is  reached. 
Prom  p,  after  removal  of  the  heptahydrate,  change  would  proceed  through 
Q  to  R.  It  is  obvious  that  it  would  not  occur  along  p  h,  as  continued 
concentration  would  involve  the  conversion  of  the  heptahydrate  into 
hexahydrate,  and  would  therefore  merely  condition  a  lag  in  the  crystal- 
lisation, supposing  the  heptahydrate  were  not  removed.  In  like  manner 
change  would  not  proceed  along  Q  L,  as  concentration  would  involve  a 
gradual  conversion  of  unremoved  Potassium  chloride  into  Camallite.  At 
R  the  solution  would  dry  up  unchanged  in  composition. 

As  a  proof  of  the  correctness  of  this  method  of  interpreting  the 
diagram,  the  results  may  be  quoted  which  were  obtained  by  van't  Hoff  on 
concentrating  a  solution  of  equal  molecular  quantities  of  Potassium 
sulphate  and  Magnesium  chloride,  i.e.,  174*3  gm.  K2SO4 -1-223*4  gm  MgCl^ 
6H2O.  The  use  of  such  a  solution  is  equivalent  to  starting  in  the  plane 
diagram  from  the  origin,  as  the  geometric  convention  followed  involves  one 
of  the  salts  being  represented  as  a  negative  quantity  of  its  reciprocal. 
As  the  origin  lies  within  the  K2SO4  field,  the  diagram  shows  that  K2SO4 
will  be  the  first  salt  to  separate,  and  that  concentration  will  proceed  along 
the  Magnesium  chloride  axis  until  the  Schonite  boundary  is  reached  ;  the 
separation  of  Schonite  will  then  set  in.  Provided  the  Potassium  sulphate 
be  not  removed,  the  course  of  change  will  now  be  along  p  m  to  M  ;  when 
this  is  reached  the  deposition  of  Potassium  chloride  begins. 
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In  the  actual  experiment  the  solution  was  slowly  evaporated  at  25*. 
The  deposit  was  frequently  examined  with  the  microscope.  At  first  onlj 
Potassium  sulphate  crystallised  out,  but  subsequently  this  was  mixed  with 
Schonite.  As  soon  as  the  separation  of  Potassium  chloride  was  observed 
to  take  place  the  deposited  salts  were  removed  and  analysed.  The 
amounts  found  were  : — 

25  gms.  K2SO4 
120  gms.  K2Mg(S04)2-6H,0. 

The  amount  of  the  two  salts  that  should  be  deposited  from  such  a  solu- 
tion may  be  calculated  as  follows  : — 

At  the  origin  the  solution  has  the  composition 

K2SO4  +  MgCls + aHjO, 
from  which  is  deposited 

a;K2S04  +y.K2Mg(S04)2.6H20, 

whilst  w  parts  of  solution  of  the  composition  represented  at  M  remain — m,^ 

u?(1000H2O + 25K2CI2  +  21MgCl2 + 1  lMgS04). 
Thus 

K2SO4 +Mga2 +aH20=a;K:2S04 +yK2Mg(S04)2.6H20 
+w;(1000H2O+25K2Cl2+21MgCl2  +  llMgSO4). 

Collecting  and  equating  the  coefficients  of  the  various  radicles,  the 
values  of  x^  y,  and  w  are  determined. 

Thus 

CI2  l==(25  +  21)tc;  .'.  w=^i. 

40 

Mgl=y  +  (2H-ll)«. 

32  7 

Kj  l=zx+y+25w 

23     46  46 

7  7 

The  K2SO4  deposited  is  thus  -—  of  the  molecule,  *.«.,  =  --   x  174-3 

4o  4d 

7  7 

fir26-5  gms. ;  whilst  the  Schonite  is  —  of  the  molecule,  t.c,   —  x  422-8 

=122*6  gms.,  which  values  agree  closely  with  those  found  by  experiment. 
In  following  the  course  of  change  with  the  aid  of  the  model,  it  is 
noticeable  that  although,  as  a  rule,  concentration  proceeds  along  an 
upward  slope,  this  is  not  invariably  the  case.  Thus,  whereas  on  passing 
from  B  to  F,  and  from  f  to  6,  the  slope  is  upwards,  from  c  to  a  the  slope 
is  downwards ;  a  slight  confusion  is  thereby  introduced.  It  is  to  be 
expected  that  as  concentration  proceeds  the  proportion  of  molecules  of 
dissolved  salt  to  water  molecules  should  steadily  increase ;  and  as  the 
vertical  ordi  nates  represent  the  number  of  dissolved  molecules,  it  would 
seem  that  the  number  of  molecules  in  the  saturated  solution  of  Magnesium 
sulphate  is  greater  than  in  the  solution  saturated  with  Magnesium 
sulphate  and  Schonite.  If,  however,  it  be  assumed  that  at  c  a  larger  pro- 
portion of  the  Magnesium  sulphate  molecules  are  present  in  the  form 
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of  complexefl  (MgS04)„  than  is  the  case  at  o  where  the  solution  is 
saturated  with  both  Magnesium  sulphate  and  Schonite,  the  discrepancy 
disappears  ;  and,  if  the  necessary  correction  could  be  made  and  the 
vertical  ordinate  at  c  lowered  accordingly,  the  model  would  afford  a  more 
uniform  indication  of  the  direction  of  change. 

Obviously  the  conditions  in  solution  are  complex,  especially  when  several 
salts  are  present ;  and  the  only  phase  in  which  the  alteration  is  of  the 
same  character  throughout  is  that  which  has  hitherto  been  left  unnoticed — 
viz.,  the  vapour  phase.  As  concentration  proceeds,  and  the  dissolved  salt 
more  and  more  asserts  a  mastery  over  the  water  molecules,  the  vapour 
pressure  necessarily  diminishes — saturation  with  each  salt  corresponding 
to  a  particular  vapour  pressure.  From  this  point  of  view  as  the  vapour 
pressure  at  b  (22*2  mm.)  and  that  at  c  (20*9  mm.)  exceeds  that  at 
o  (20'4r  mm.),  there  is  clear  evidence  that  the  proportion  of  dissolved 
molecules  at  a  exceeds  that  at  c,  and  that  the  separation  takes  place 
towards  o  from  both  b  and  c.  A  model  may  be  constructed  which 
affords  a  clear  representation  of  the  order  in  which  the  separations  occur 
if  the  differences  between  the  vapour  pressures  of  the  various  saturated 
solutions  in  presence  of  their  equilibrators  and  the  vapour  pressure  of 
water  (23*52  mm.)  be  taken  as  vertical  ordinates.  The  model  thus  con- 
structed brings  into  prominence  the  fact  that  the  separation  of  salts  from 
solution  always  occurs  along  slopes  tending  in  one  direction,  and  may  be 
regarded  as  a  corrected  form  of  the  model  previously  considered. 

The  character  of  this  correction  is  shown  in  tig.  4  by  a  thick  line 
drawn  round  the  model  at  the  required  height.  The  highest  point  in  the 
corrected  model  is  of  course  the  end-point  R,  and  the  new  vertical  scale 
has  therefore  been  fixed  by  taking  the  ordinate  of  R  to  represent  the 
maximum  vapour  pressure  difference.  The  following  table  gives  the 
necessary  data  : — 


A 

Solution  saturated  with 

Vapour 
Pressure 

23*52 -Vapour 
Pressure 

KCl 

19-2 

4-3 

B 

K                                                           ... 

22-2 

1-3 

C 

M                                                            ... 

20-9 

2-6 

D 

Id                                                             ... 

7-7 

15-8 

E 

K                                                           ... 

19 

4-5 

F 

K                                                           ... 

21-6 

1-9 

G 

K                                                         ... 

20-4 

31            , 

H 

M                                                          ... 

12 

11-6            ! 

J 

M                                                          ... 

7-5 

160           i 

K 

M                                                           ... 

7-6 

16-9            1 

L 

W                                                           ... 

12-7 

10-8            1 

M 

K                                                         ... 

18 

5o 

N 

K                                                       0         .        . 

13-7 

9-8           1 

P 

K                                                         ... 

12 

11-5 

Q 

K                                                         ... 

11-9 

11« 

K 

M                                        eff^o . 

7-3        , 

16-2 

Case    IV.  —  A    reciprocal     salt     pair  +  Sodium    chloride.      It    is . 
desirable  to   take  this   case  into  account  as   bearing  on  the  problem 
of  the  crystallisation  of  salts  from  sea  water.      In  sea  water  Sodium 
chloride  is  present    in     large   excess   in    comparison  with   the    other 
s^lts,  and  therefore  is  p,lways  iji  solution  vith  the  other  salt?  at  every 
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stage  in  the  process  of  concentration  so  long  as  its  presence  is  compatible 
with  that  of  the  other  salts  ;  moreover,  it  continually  separates,  and  in 
the  natural  deposits  always  accompanies  the  other  salts. 

In  representing  the  behaviour  of  solutions  containing,  in  addition  to 
Sodium  chloride,  Magnesium  sulphate  and  Potassium  chloride — the  salts 
present  in  the  case  previously  considered — to  construct  a  diagram,  as  the 


wr'wV 


composition  of  such  a  solution  cannot  be  expressed  in  terms  of  fewer  than 
four  salts,  a  fourth  dimension  would  need  bo  be  introduced  were  it  not 
that,  as  Sodium  chloride  is  always  present,  it  may  be  represented  in  the 
form  of  a  sheet  of  varying  thickness  spread  over  the  upper  surface  of  the 
model  representing  the  composition  of  the  various  solutions  in  terms  of 
the  other  salts  present ;  to  construct  this  sheet  the  number  of  molecules 
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of  NagClg  are  measured  off  above  this  surface  on  the  axis  drawn  from  the 
origin  at  right  angles  to  the  plane  of  the  paper.  The  shaded  area  in 
^.  5  gives  a  picture  of  the  thickness  of  the  salt  sheet  above  the  various 
fields  in  relation  to  the  number  of  molecules  of  other  salts  present  in  the 
solutions. 

The  data  required  for  the  construction  of  a  diagram  and  model  repre- 
senting the  behaviour  of  the  solutions  under  consideration  are  obtained 
by  determining  the  composition  of  solutions  saturated  (a)  with  Sodium 
chloride  and  one  other  salt ;  (6)  with  Sodium  chloride  and  two  other 
salts  ;  and  (c)  with  Sodium  chloride  and  three  other  salts.  To  ensure 
uniformity,  as  the  results  only  express  the  constitution  of  the  solutions  in 
terms  of  the  salt  radicles,  the  convention  followed  consists  in  expressing 
the  whole  of  the  Sodium  as  chloride,  and  if  there  be  not  sufficient 
Chlorine  for  this  purpose  the  excess  is  reckoned  as  sulphate  ;  the  Kj, 
Mg,  CI2,  SO4  are  expressed  as  K0CI2,  MgClj,  and  MgS04.  The  experi- 
mental data  which  have  been  accumulated  are  given  in  the  following  table, 
which  includes  the  vapour  pressures  of  the  various  saturated  solutions. 


Saturated  with  NaCl  and 


1000  Molecales  Water  dissolve 
Molecule)} 


Na,CL, 


1  A.    M»fClr6H,0 

B.    KCl 
I  C.    Na,SO^    . 

D. 

E. 

F. 

G. 

H. 

J. 

K. 

N. 


MgCl,.6H,0  and  CamaUite   . 
KCl  and  CamaUlte 
KCl  and  Glaserite  . 
Na,SO«  and  Glaserite     . 
Na^O«  and  Astrakauite 
MgSO«  7Ha0  and  Astrakanitc 
Mg80^.7H,0  and  MgS0^.6H,0 
Mg01,.6HaO,  Magnesium  sulphate 

P.   KCl,  GUiserite,  Schbnltc 

Q.    KCl,  Schttnite,  Leoillte  . 

R.  Na^O*,  Glaserite,  Astrakanite 
I  S.   Glaserite,  Astrakanitc,  Schoiiite 

T.   Astrakanite,  Schbnite,  Leonite 
I  v.  MgS04.7H,0,  Astrakanite,  Leonite 

V,  Kainite,  MgS0*.7H,0,  Leonite 

V,       „        KCl,  Leonite     . 

V,        „        KCl,  Camallite 
I  V^       „        Carnallite,      Magnesium 

sulphate       .... 
I  V.  Kainite,      MgSO^JHaO,      MgSO«. 

6H,0 

I  W.  Oirnallite,    MgCla.6H,0,   Magne- 
I  sium  sulphate 

Saturated  with  NaCl  only 


No.  of 
I  Mole- 
cn'es 
I  exclu- 
ding 


No.  of 
Mole-]   Va- 
cnles  I  pour 
inclu-  Pres- 


K.,C1,  'Mga,  MgSO^  Na,SO;Na,CL,  Na  CI, 


Hub  !  sure 


Va- 
pour 
Pres- 
I  stire, 
1-28-52 


I 


in 

61" 

1 

J  i 

46' 

4 
I 

23 
U 
40 
27i 
22 
lOi 
9 


—   103 
19i   - 


.1- 

20 

loi 


103* 
70|  I 

1    i 
67i 
102 


14 
11 
8 
104 

luX 
74 


2 

16i 
TA 
42 
46 
95  I  47 
G    G8 


164 
34 

12  I 
5  , 

14  1 

144 

14 

184  I 

19 

10 


12*  I 


44 


iM    = 


1    854 

4  '  654 

4   100 


13 
5 


19* 
12i 

104  I 
76  i 
24* 
24J  I 

l\' 

794 
107 

494 
624 
S2 

454 

62* 

684 

72 

71 

79 

944  j 

824  1 


10:4 

7C3 

16-89 

64 

16  84 

6-68 

Gn 

171> 

G-02 

1(15 
78 
C84 
69 
654 
67 


,  7-62  ,  16-00 
'•  12-66  (10-86 
16-84  '  6-68 


17-U 
17-1 
151 


8^4  I  12 
108  I  7-65 


6-52 
6-42 
8-42 
11-62 
16-97 


724 

16-9 

7-62 

76 

14-9 

8-62 

7'2 





73 





744 

— 

— 

79 

— 

'     — 

81 

— 

~ 

804 

814 


95  I  — 


—  1064   1054  I  7-4  ]  16-12 

—  ,  —    65*  17-7    6-82 


In  constructing  a  diagram  (fig.  5)  and  model,  from  these  data,  as 
there  is  no  axis  on  which  Sodium  sulphate  can  be  directly  represented, 
to  express  the  amount  of  this  salt  present  in  the  solutions  C,  F,  G,  H,  R, 
a  line  of  argument  is  adopted  similar  to  that  made  use  of  in  equating 
Magnesium  sulphate  with  Potassium  chloride,  in  the  case  of  the 
reciprocal  salt  pair  previously  considered.     It  is  obvious  that  we  mey 

Na2S04=MgS04+Na2Cl2-Mga2 ; 

in  other  words,  Sodium  sulphjtte  can  be  e?cpres§ed  in  termg  of  three  other 
salti^. 
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Co-ordinatea 

Vertical  Axis 

OX  Axis          !          OYAxis 

1 

No.  of  Molecules 
excluding  Na^Cls 

No.  of  Molecules 
including  NaaCl, 

A 

—                          + 103 

103                           105i 

B 

*19i 
-I2J 

— 

1^ 

64 

C 

-   12i 

63i 

D 

+     i 

+  103 

104 

105 

E 

+  16| 

+   70i 

76 

78 

F 

-     4i 

24i 
24| 

68J 

G 

-   4 

-   Ui 

69 

H 

-mi 

-     3 

19J 

65k 

J 

-34 

+     7 

41 

67 

E 

-12 

+   67J 

794 

83^ 

N 

-  5 

+  102 

107 

108 

P 

0 

+   21^ 

49i 

72i 

Q 

-   3J 

+   37 

62i 

76i 

R 

-14 

-     6 

32 

72 

1        S 

-   8 

+   16J 

45i 

73 

!         T 

-  8i 

+   23 

62i 

74J 

U 

-Hi 

+   42 

68J 

79 

1         V, 

-12 

+   45 

72 

81 

^2 

-  6 

+   47 

71 

80} 

v. 

+   1 

+   68 

79 

81J 

V. 

-  7 

+   85^ 

94i 

95 

V, 

-   9 

+  e^ 

82i 

86 

i 

-  H 

+  100 

105i                         1051 

Thus,  supposing  a  solution  C  to  contain  12^  molecules  of  Sodium 
sulphate,  to  express  its  composition,  a  point  in  space  is  plotted  by 
measuring  off  from  the  origin  1 2^  units  along  the  Magnesium  sulphate 
axis  and  —12^  units  along  the  Magnesium  chloride  axis  ;  t.e.,  downward 
and  therefore  along  the  Potassium  sulphate  axis.  The  point  c  on  the 
diagram  is  thus  obtained.  The  corresponding  point  on  the  model 
is  deduced  by  measuring  off  12J^  on  the  Sodium  chloride  axis  vertically 
upwards  and  adding  51  on  account  of  the  51  molecules  of  Sodium 
chloride  supposed  to  be  present  in  the  solution  as  such. 

It  will  be  noticed  that  Magnesium  and  Potassium  sulphates  do  not 
appear  in  the  table  as  single  salts  which  can  be  used  as  equilibrators  in 
presence  of  excess  of  Sodium  chloride,  the  reason  being  that  new  re- 
ciprocal salt  pairs  are  constituted  by  the  presence  of  the  Sodium  chloride, 
and  interactions  take  place  which  destroy  these  sulphates ;  e.g., 

MgSO^  +  Na2Cl2=Na3S04 + MgClg. 

Tlie  remarkable  character  of  the  changes  brought  about  by  the 
presence  of  Sodium  chloride  will  at  once  be  obvious  on  contrasting  figs.  3 
and  5.  The  double  salts  formed  by  Magnesium  and  Potassium  sulphates 
with  Sodium  sulphate  occupy  the  lower  portions  of  the  diagram, 
Potassium  sulphate  disappearing  altogether,  and  the  area  of  the  Mag- 
nesium sulphate  field  being  much  restricted.  Moreover,  the  greater  pull 
on  the  water  molecules  exerted  by  the  soluble  Sodium  chloride  molecules 
brings  about  the  partial  dehydration  of  several  of  the  compounds 
appearing  in  diagram  3  :  causing,  for  example,  the  displacement  of  the 
greater  part  of  the  Schonite  field  by  Leonite,  MgK2(SO^)2.4H20,  and  of 
the  MgS04 .  6H2O  field  by  Kieserite.  In  addition,  a  new  double  salt^ 
Kainite,  MgSO4.KCl.3H3O,  appears. 
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The  order  in  which  separation  occurs  is  at  once  given  by  reference  to 
a  vapour- pressure  diagram  constructed,  e.g.^  by  inserting  the  Wapour- 
pressure  difference '  at  each  of  the  various  transition  points. 

The  Evaporaiion  of  Sea  Water. 

On  concentrating  sea  water— disregarding  Calcium  sulphate  on  account 
of  the  small  quantity  present — the  first  salt  to  crystallise  out  is  Sodium 
chloride.  When  deposition  of  this  salt  sets  in,  the  solution  has  the  com- 
position : 

IjOOOHaO  47NaaCl2  lOSKsCla  T-SGMgClj,  S-STMgSO^. 

Following  the  rules  previously  given,  it  is  obvious  that  the  position  in 
space  of  the  point  »,  which  represents  a  solution  of  this  composition,  will 
be  3-57— 1-03  =  2-54  units  on  the  ox  axis  to  the  left  of  the  origin,  7*36 
units  above  the  origin  on  the  oy  axis,  and  1-03 +  7*36 +  3*67= 11 -96 
units  above  the  plane. 

As  long  as  only  Sodium  chloride  is  deposited,  the  relative  proportions 
of  the  Potassium  and  Magnesium  salts  remain  unchanged,  and  only  the 
amount  of  these  salts  present  relatively  to  the  water  increases.  Such  a 
change  is  expressed  in  a  model  constructed  in  the  manner  previously 
described  by  motion  along  a  line  joining  the  origin  to  a,  away  from  o.  To 
ascertain  what  salt  will  separate  next,  the  point  ac  which  this  line  ulti- 
mately cuts  the  upper  surface  of  the  model  must  be  determined.  When 
this  is  established  with  the  aid  of  the  model,  it  is  found  to  lie  in  the 
Magnesium  sulphate  (MgS04.7HoO)  field.  Hence  it  follows  that  further 
concentration  ultimately  causes  the  separation  of  Magnesium  sulphate 
together  with  Sodium  chloride,  and  the  course  followed  on  evaporation 
.  will  be  across  the  Magnesium  sulphate  field,  away  from  the  hypothetical 
point  representing  the  solution  saturated  only  with  Magnesium  sulphate 
and  Sodium  chloride.  This  point  must  be  on  the  Magnesium  sulphate 
axis  as  well  as  on  the  line  kj  (representing  the  change  in  composition  of 
a  solution  saturated  with  Magnesium  sulphate  and  Sodium  chloride  as  the 
amount  of  Magnesium  chloride  varies),  and  will  obviously  fall  at  their 
point  of  intersection,  J^  Supposing  the  Magnesium  sulphate  field  to 
have  been  cut  at  a  point  ^,  the  path  followed  on  concentrating  the  solu- 
tion will  be  along  j'/3  produced,  until  the  next  field  is  entered.  In  a 
similar  manner,  the  subsequent  course  is  traceable  until  the  point  w  is 
reached.  As  a  matter  of  fact,  some  uncertainty  exists  as  to  the  exact 
course  of  crystallisation,  as  the  investigation  of  Leonite,  Kamite,  and 
Ki3serite  is  not  yet  complete. 

The  order  in  which  the  salts  are  deposited  is  probably  as  follows  : — 

(1)  Naa ;  (2)  NaQ  and  MgS04.7H20  ;  (3)  NaCl  and  Leonite  ; 
(4)  NaCl,  Leonite,  and  KCl,  or  NaCl  and  Kainite  ;  (5)  NaCl,  Kieserite, 
and  Carnallite  ;  (6)  NaCl,  Kieserite,  Carnallite,  MgCl^i.GHaO,  the  solution 
then  drying  up  without  further  change. 

Not  only  does  the  succession  thus  indicated  agree  with  that  actually 
found  experimentally  on  evaporating  sea  water  at  25°,  but  also  very  fairly 
with  the  geological  succession  as  observed  at  Stassfurt.  Thus  the  lowest 
deposits  of  rock  salt  represent  stage  1,  the  overlying  Kieserite  and 
Kainite  beds  stages  2,  3,  and  4,  and  the  uppermost  Carnallite  region 
Hages  5  and  6. 

]Put  although  it  is  clear  from  the  general  agreement  of  the  results 
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obtained  in  the  la1)oratory  with  the  observation  made  at  Stassfurt  that 
the  temperature  at  which  the  beds  were  deposited  Wcis  not  far  removed 
from  25°,  it  was  possibly  somewhat  higher,  as  the  proportion  of  Kainite, 
and  especially  of  Kieserite,  obtained  iu  the  laboratory  is  somewhat  lower 
than  that  met  with  in  nature.  Moreover,  whereas  at  Stassfurt  Calcium 
sulphate  occurs  in  the  anhydrous  form,  in  the  laboratory  it  has  not  been 
obtained  in  this  form  below  32°. 

The  foregoing  account  has  been  compiled  from  a  series  of  twenty-three 
papers  by  van't  Hoff  and  his  pupils,  published  since  the  year  1897  in  the 
*  Procee^lings  of  the  Berlin  Academy  of  Sciences.*  Apart  from  these  and 
the  information  given  by  van't  Hoff  in  his  text-books,  there  are  only  two 
other  papers  bearing  on  the  subject — one  by  van  der  Heide  (*  Zeit.  Phys, 
Chem.'  12,  416),  the  other  by  Lowenherz  (ibid.,  13,  459). 


Keish  Caves,  co,  Sligo, — Interim  RepoH  of  tJie  Committee,  consisting  oj 
Dr.  K.  F.  ScHARFF  (Chairman),  Mr.  R.  Ll.  Praeger  {Secretary)^ 
Mr.  G.  Coffey,  Professor  A.  G.  Cole,  Professor  D.  J.  Cunning- 
ham, Mr.  A.  McHenry,  a^nd  Mr.  R.  J.  Ussher,  a}ipointed  to  Explore 
Irish  Caves, 

The  Committee  selected  for  the  first  operations  a  series  of  caves  on  the 
slopes  of  Keishcorran  Mountain  in  the  county  of  Sligo.  Owing  to  the 
unsettled  state  of  the  weather,  the  excavation  of  the  caves  could  not  be 
commenced  until  the  middle  of  May  1901,  though  a  preliminary  survey 
was  made  early  in  April  by  Dr.  Scharff  and  Mr.  Praeger. 

After  careful  measurements  were  taken  a  deep  trench  was  dug  across 
the  mouth  of  one  of  the  caves,  so  as  to  expose  a  section  of  the  various 
deposits,  which  were  as  follows  from  above  downwards  : — 

1.  Black  earth,  containing  bones  of  domestic  animals,  charcoal,  and 
human  implements  (similar  to  those  found  in  Crannoges),  with  a  depth  of 
from  6  inches  to  1  foot. 

2.  Breccia,  consinting  of  limestone  blocks  fallen  from  the  roof  in  a 
tufaceous  deposit.  This  appeared  as  a  natural  arch  in  the  section  varying 
from  1  foot  in  the  centre  to  3  feet  at  the  sides,  and  contained  numerous 
remains  of  land  shells  and  bones  of  small  mammals. 

3.  Brovm  clay,  containing  large  blocks  of  limestone  and  numerous 
bones  of  small  and  a  few  of  large  mammals.  At  a  depth  of  6  feet  from 
the  surface  a  much  waterwom  block  of  limestone  was  found,  indicating 
proximity  to  the  fioor  of  the  cave. 

As  the  excavation  in  this  cave  was  carried  to  the  interior  it  became 
unpromising  and  unsatisfactory  owing  to  the  difficulty  of  removing  the 
large  masses  of  limestone.  It  was  therefore  decided  to  abandon  it. 
Datum  levels  having  been  carefully  marked  on  the  sides  of  the  cave,  it 
will  be  possible  to  resume  work  and  complete  the  excavation  should  the 
results  obtained  in  the  other  caves  render  it  desirable. 

A  second  cave  was  then  opened  in  a  similar  manner,  proceeding  from 
the  mouth  inward,  with  very  satisfactory  results  so  far.  Dr.  Scharff, 
Mr.  Coffey,  and  Professor  Cole  having  had  to  return  to  town,  Mr.  Ussher 
was  left  in  charge  of  the  work,  and  reports  that  the  upper  stratum  of  this 
oave  contained  much  charcoal  and  bones  of  domestic  animals — broken  for 
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the  marrow — and  a  red  deer's  antler.  With  these  were  associated  a  stone 
celt,  bronze  pins,  and  portion  of  an  iron  saw  of  ancient  pattern.  Beneath 
the  above  another  stratum,  consisting  of  cave-earth,  was  found,  in  which 
were  various  remains  of  bear  and  deer,  besides  human  teeth  and  charcoal. 
The  Committee  therefore  feel  justified  in  continuing  the  excavations, 
and  ask  for  reappointment.  The  collections  have  been  deposited  in  the 
Dublin  Museum,  and*  are  at  present  being  worked  out  by  the  staff. 


Erratic  Blocks  of  the  British  Isles. — Beport  of  the  Committee^  consisting 
of  Mr.  J.  E.  Mark  (Chairman),  Mr.  P.  F.  Kendall  (Secre- 
tary), Professor  T.  G.  Bonney,  Mr.  C.  E.  De  Range,  Professor 
W.  J.  SoLLAS,  Mr.  R.  H.  Tiddeman,  Rev.  S.  N.  HARR130N, 
Mr.  J.  HoRNE,  Mr.  F.  M.  Burton,  Mr.  J.  Lomas,  Mr.  A.  R. 
Dwerryhouse,  Mr.  J.  W.  Stather,  and  Mr.  W.  T.  Tucker, 
appointed  to  investigate  the  Erratic  Blocks  of  the  British  Isles,  and 
to  take  measures  for  their  preservation.  (Braion  up  by  the  Secre- 
tary.) 

The  major  proportion  of  the  records  for  inclusion  in  this  report  relates  to 
Yorkshire,  where  an  active  organisation  exists  with  working  members  in 
all  parts  of  the  county,  but  especially  in  the  East  Riding,  where  the 
members  of  the  Htdl  Geological  Society  are  doing  admirable  systematic 
work.  In  furtherance  of  the  objects  of  the  Yorkshire  Boulder  Committee 
an  excursion  to  the  Lake  District  was  arranged  by  the  Yorkshire  Geo- 
logical and  Polytechnic  Society.  The  area  chosen  for  study  was  the  country 
round  Keswick,  which  is  so  rich  in  rocks  of  pronounced  petrological 
characters  which  might  be  expected  to  have  travelled  over  into  Yorkshire. 
The  influence  of  this  excursion  is  at  once  to  be  seen  in  the  records  of 
erratics  which  have  already  been  recognised.  The  peculiar  rocks  of 
Eyoott  Hill  and  Carrock  Fell  have  been  found  at  Dimlington,  and  a  well 
characterised  volcanic  breccia  occurring  as  boulders  on  Dunmail  Raise  has 
been  found  at  Hornsea,  along  with  a  specimen  of  the  well  known  Arm- 
both  Dyke. 

A  striated  surface  discovered  on  the  southern  slope  of  Skiddaw 
has  been  reported  to  the  Committee  as  the  only  convenient  method  of 
recording  an  isolated  but  valuable  observation. 

The  reports  from  the  coast  tract  of  Yorkshire  continue  to  yield  new 
stations  for  the  very  characteristic  Norwegian  Rhomb-porph3rries  and 
Ekeolite-syenites.  The  visit  paid  by  the  geologists  of  Yorkshire  to  the 
Cheviots  and  some  of  its  results  were  commented  upon  in  the  last  report 
of  this  Committee.  Two  facts  stand  out  in  the  present  series  of  records, 
in  the  light  of  a  more  intimate  acquaintance  with  the  Cheviot  rocks.  While 
we  find  that  many  observers  note  the  great  preponderance  of  Cheviot  por- 
phyrites  over  every  other  type  of  far-travelled  stones,  no  example  of  the 
Cheviot  granite  has  ever  been  identified  in  Yorkshire.  The  Secretary 
has  long  been  impressed  with  the  singularity  of  this  absence  of  evi- 
dence,  and  after  examining  the  rock  in  situ  has  made  careful  search  for 
it  at  Filey,  Bridlington,  Wliitby,  and  other  places,  where  the  porphyrites 
abound.  No  clearly  identifiable  specimen  could  be  found.  A  collection 
was  made  of  granitic  pebbles  from  the  shore  at  Whitby  in  order  to  get  a 
sufiicient  series  to  base  an  opinion  upon.  Seventy  of  these  stones  have 
been  sliced,   and  the  results  of  a    preliminary    examination    are    not 
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encouraging  to  the  hope  that  any  positive  identification  of  the  Cheviot 
granite  can  be  made.  The  results  of  a  fuller  examination  will  be  presented 
in  the  next  report  of  the  Committee.  Meantime  it  may  be  remarked 
that  the  striking  disproportion  which  must  exist  between  the  boulders  of 
the  Cheviot  granite  and  those  of  the  porphyrites  will  perhaps  find  an 
explanation  in  the  conditions  which  prevailed  in  the  Cheviots  themselves 
during  the  time  when  the  distribution  of  the  erratics 'was  in  progress. 

Mr.  Stather's  numerous  records  of  greywackes  of  a  similar  type  in 
various  parts  of  Yorkshire  and  on  the  lower  slopes  of  the  Cheviots  sug- 
gests the  probability  of  their  derivation  from  the  basin  of  the  Tweed. 
Two  very  remarkable  discoveries  are  reported  by  Mr.  Feamside.  The 
gravels  of  the  Yorkshire  Calder  have  long  been  noted  for  remarkable 
uniformity  in  the  character  of  the  included  stones ;  besides  local  rocks 
there  had  been  found  nothing  but  well  defined  types  of  Lake  Dis- 
trict rocks,  andesites,  agglomerates,  and  the  granitic  rooks  of  the 
Butterraere  and  Eskdale  types,  all  such  as  might  have  come  by  way  of 
Lancashire  from  the  western  side  of  the  Lake  District,  and  perhaps  one 
or  two  examples  of  the  Galloway  granites.  Mr.  Feamside  now  adds  the 
Norwegian  Rhomb-porphyry,  Brockram,  brown  flints,  and  Shap  granite, 
discordant  elements  difficult  to  reconcile  with  the  very  consistent  series 
previously  known.  Mr.  H.  H.  Corbett,  of  Doncaster,  points  out  a  singular 
fact :  the  three  boulders  of  Shap  granite  found  respectively  at  Royston, 
Ad  wick,  and  Balby  have  a  vein  of  felspar  running  through  each  of  them. 

The  boulders  recorded  by  Mr.  Lomas  from  New  Mills,  Derbyshire, 
are  of  the  type  usual  on  that  side  of  the  Pennine  Chain,  but  the  occur- 
rence of  Triassic  pebbles  is  of  great  interest,  as  the  altitude,  930  feet,  is 
several  hundreds  of  feet  above  that  of  any  Triassic  rock  in  situ  in  the 
region. 

The  boulders  of  nodular  dolerite  recorded  from  the  Ayrshire  coast 
precisely  resemble  those  which  are  found  in  considerable  numbers  in 
Western  Lancashire  and  Cheshire,  especially  in  the  Wirral.  A  single 
example  has  been  found  from  the  north  of  Ireland.  These  rocks  have 
long  been  regarded  as  of  Scottish  derivation,  and  their  great  abundance 
on  the  coast  of  Ayrshire  seems  to  favour  the  supposition.  It  is  to  be 
hoped  that  some  geologist  may  be  found  in  Glasgow  who  can  identify  the 
rock  and  state  its  source. 

The  Secretary  has  provided  the  Lincolnshire  Boulder  Committee  with 
a  series  of  rock  specimens  from  Norway  and  the  Cheviots  to  serve  as 
types  for  the  determination  of  the  source  of  erratics,  and  he  has  still 
remaining  a  large  number  of  duplicate  specimens  of  noteworthy  Nor- 
wegian rock  (Rhomb-porphyries,  Elseolite- syenites,  Ac),  rocks  from  the 
Cheviots,  the  south  of  Scotland,  and  from  the  Lake  District,  which  he 
is  prepared  to  distribute  to  local  museums  or  to  individuals  willing  to  aid 
in  the  work  of  this  Committee. 

Cumberland. 

Reported  by  Mr.  John  Carlton  (HiUl  Geological  Society) 
per  Yorkshire  Boulder  Committee. 

Skiddaw. — On  left  of  pathway  to  top  of  Skiddaw,  about  30  yards 
above  second  hut,  1,450  feet  above  Keswick,  glacial  strise  were  observed 
on  solid  slate  from  which  the  turf  hsid  been  recently  rernovedr  Direc^ 
tion  W.S.W, 
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Debbtshire. 

Reported  hy  3,  Lomas,  Esq.y  A.R.CS,,  F,G,S,y  Broadhurat  Edge^  near 
Jordan  Arms,  New  Mills.     930/ee<  O.D, 

Andesitic  ash,  14  inches  in  diameter. 

Many  striated  fragments  of  fine  micaceous  grit. 

Rhyolite  (from  Upper  Barrowdale  Series). 

Battermere  granophyre  (common). 

Coarse  millstone  grit,  2  feet  diameter. 

Porphyritic  felsite. 

Triassic  qnartzite  pebbles. 

Lancashirs. 
Reported  by  J.  Lomas,  Esq.,  A.R.C.S.,  F.G,S. 

Liverpool — At  Sandon  Graving  Dock.  In  boulder  clay  17  feet 
thick. 

Diorite,  3  ft.  by  2  ft.  6  in.  by  1  ft.  6  in.  Axis  nearly  N.  and  S.  Well  scratched 
and  exhibiting  a  well  developed  sole.  It  lies  in  titu  6  feet  below  Old 
Dock  Sill. 

Diorite,  2  ft.  10  in.  by  2  ft.  by  1  ft.  8  in.    Axis  N.  S**  E. 

Andesitic  agglomerate,  1  ft.  by  1  ft.  by  9  in. ;  16  feet  below  O.D.S. 

Limestone,  1  ft.  in  diameter. 

Reaper  marl.    Various  small  pieces. 

Oypsum  abundant. 

Lincolnshire. 
Reported  by  Rev.  E.  Adrian  Woodrufpe  Peacock. 
Cadeney  Manor  House. — Boulders  found  in  sinking  a  well. 

Coarse  augen  gneiss  in  dark  boulder  clay  at  18  feet. 

Grey  limestone  with  brown  ferruginous  oolitic  grains  and  shell  of  a  Lima ; 

not  Z.  gUfantea  or  L.  laviusoula,  though  belonging  to  the  same  group. 

7  Neocomian  or  Lias. 
Dolerite;    Limestone  probably  L.  Lias;   grey  felspathic  sandstone;   dark 

grey  shale ;  red  chalk. 

Reported  by  Messrs.  Paul  Davis  amd  J.  W.  Stather,  F.G.S.  {Htdl 
Geological  Society),  per  Yorkshire  Boulder  Committee. 

Cleetliorpes. — Three  large  clay  pits  near  the  railway  station  show 
Boulder  Clay  30  to  40  feet  thick.  The  boulders,  many  hundreds  of  which 
are  visible,  are  of  the  usual  East  Yorkshire  types,  but  of  smaller  average 
size.  Among  those  noted  were  rhomb-porphyry ;  elaeolite-syenite  ; 
Cheviot  porphyrites ;  greywacke  sandstone ;  hypersthene-dolerite  of 
Eycott  Hill ;  grey,  black,  pink,  and  green-coated  flints. 

Yorkshire. 

Reported  by  the    Yorkshire  Boulder   Committee  (J.   H.   Howarth, 
F.G.S.,  Se<yretary). 

By  G.  A.  AuDBN,  Esq.  • 

Dringhouses,  York. — 

Carboniferous  sandstone,  two  large  boulders,  one  weighing  Z-^i  tons,  obscurely 
striated. 
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By  E.  Hawkesworth,  Esq* 

Bromjyton,  near  Northallerton, — 

The  turnpike  road  from  Northallerton  to  Stockton  cats  through  a  ridge  of 
drift  just  before  reaching  the  village.  It  yielded  1  rhyoUte ;  1  dolerite  ; 
1  gabbro  (?) ;  2  Carboniferous  Limestones  (black)  and  Carboniferous 
sandstones. 

%  W.  Gregson,  £sq,y  F,G,S. 
Kirklington^  6  miles  N,E,  of  JRipon,  at  Coldstone  House  Farm, — 

1  galliard  or  ganister,  4  ft.  by  2 J  ft.  by  2  ft.  subangular ;  top  smoothed  and 
grooved  ;  striae  N.  and  S. 

By  W.  G.  Fearnside. 

Horhury^  near  Wakefield, — In  an  excavation  for  the  south  pier  of  a 
bridge  over  the  river  Calder. 

3  Shap  granite. 
1  Brockram. 

1  Rhomb-porphyry. 
1  Brown  flint. 

The  boulders  were  taken  up  in  the  scoop  of  a  dredger  along  with  a 
portion  of  basal  clay  when  excavating  for  the  concreting  of  the  founda- 
tions of  the  bridge  pier. 

By  P.  F.  Kendall,  F.G.S. 

Settringion,  Vale  of  Pickering, — In  fields  about  half  a  mile  S.W.  of 
railway  station  a  thin  scattering  of  foreign  pebbles  occurs  among  the 
fragments  of  the  subjacent  Oolite.  Twenty  were  collected :  they 
include : — 

1  Vein  quartz  pebble,  (?)  Trias. 

6  Saccharoid  quarzites,  one  liver-coloured,  (?)  Trias. 

2  Carboniferous  sandstone,  one  felspathic. 
1  Red  jasper. 

4  Flints. 

1  Fine-grained  gneiss  (7). 

1  Basalt. 

1  Sandstone!    ^«  i^^«i\ 

1  Limestone  \  ^^  ^^*^*^> 

By  E.  Hawkesworth,  Esq, 

Wighilh  near  Tadcaster, — Taken  from  material  excavated  in  making 
a  drain. 

2  Dolerites ;  1  chert. 

Keitleness,  near  Whithy,'—On  beach  just  south  of  Kettleness. 

1  Cheviot  porphyrite  ;  1  eleeolite  syenite. 
1  Gneiss. 
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Wykeham,  Vale  of  Pickering, — From  gravel-pit. 

1  Dolerite  ;  1  Cheviot  porphyrite. 
1  Cheviot  andesite  ;  2  grey  flints. 
1  Elieolite-syenite,  (?)  a  small  pebble. 

Commtmicated  by  the  Boulder  Committee  of  tlie  Hull  Geological  Society, 

Ayton^  near  Scarboro', — 
1  Rhomb-porphyry. 

Hutton  Bvshelly  Yale  of  Pickering — In  gravel -pit  at  east  end  of 
village. 

1  Rhomb-porphyry. 

Wykehamy  Vale  of  Pickering, — In  sand-pit  behind  the  Downe  Arms 
HoteL 

Cheviot  porphyrite ;  Lias. 

Seamer, — In  glacial  gravel  in  pit  contiguous  to  railway  station. 

Rhomb-porphyry ;  Cheviot  porphyrite ;  basalt ;  red  granite,  magnesian  lime- 
stone (Roker type) ;  Carboniferous  limestone;  black  flint  Lias;  and 
mach  sandstone  from  local  soarces. 

Btton,y  near  Beverley, — In  strong  Boulder  Clay  at  east  end  of  the 
village. 

Cheviot  poi-phyrite  (several  varieties). 
Grey  wacke  sandstone ;  Lias,  &c. 

Ga/rdham,  near  Beverley. — A  shallow  pit  in  chalky  gravel  west  of  the 
village  contained  a  few  foreign  pebbles,  among  which  Cheviot  porphyrites 
were  predominant.    Basalt-Carboniferous  limestone  was  also  noted. 

By  Thomas  Sheppabd,  Bsq,^  F,G,S, 

MeauXy  near  Bev&t*ley, — 

Rhomb-porphyry ;  Cheviot  porphyrite ;  Carboniferous  limestone  and  sand- 
stone; Lias. 

By  J,  W.  Stather,  Usq.y  JF,G,S. 

Lecoivfieldy  near  Beverley, — In  old  gravel-pit  east  of  Pump  Bridge. 
Gravel  consisting  of  chalk  with  a  few  foreign  pebbles,  chiefly  Cheviot 
porphyrites  and  greywacke  sandstone. 

Cherry  Burton^  near  Beverley, — Chalk  capped  with  8  feet  of  Boulder 
Clay  half-mile  east  of  station.  Among  the  pebbles  of  non-local  rocks  in 
the  clay  Cheviot  porphyrites  greatly  preponderate.  Basalts  are  also 
plentiful.    Greywacke  sandstone  and  Lias  were  also  noted. 

BartindcUe  Farm^  near  North  Burton, — Fifty  yards  east  of  house. 

Basalt,  4  ft.  by  3  ft.  by  3  ft. 

Grindale-on-the-Wolds, — Many  boulders  occur  in  this  neighbourhood, 
and  a  pavement  has  been  made  of  them  at  Field  Spring.  Basalts  are  the 
most  common. 
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Binding  ton, — • 

1  Dolerite,  Eycott  Hill. 
1  Gabbro,  Carrock  Fell. 

Ferriby  Common,  near  Hull, — Chalky  gravel  in  a  small  pit  dn  thd 
Humber  side  contains  a  small  percentage  of  foreign  rocks,  including 
rhomb-porphyry  ;  basalt ;  Carboniferous  limestone. 

Thornton  Bale,  Vale  of  Pickering, — In  the  cutting  east  of  the  station, 
through  beds  mapped  as  glacial,  no  trace  of  foreign  rocks  seen  ;  all  local 
Oolite. 

By  F.  F.  Walton,  F,G,S, 
Hornsea^ — 

1  Volcanic  breccia,  4  io.  by  3  in.  by  3  in.,  identical  with  boulders  found  in 

stream  at  Dunmail  Raise,  Cumberland. 
1  Quartz  porphyry  (Armboth  Dyke),  4  in.  by  8  in.  by  3  in. 

SCOTLAND. 

Ayrshire. 

Reported  by  P.  F.  Kendall,  F,G,S. 

A  nodular  dolerite  closely  resembling  boulders  found  in  Western 
Lancashire  and  Cheshire  forms  many  boulders  on  the  shore  at  Shalloch, 
one  mile  south  of  Girvan.  The  boulders  appear  rather  less  numerous 
at  Girvan,  and  at  West  Kilbride  only  one  has  been  found. 

Boulders  of  the  Ailsa  Craig  Riebeckite-eurite  are  very  abundant 
ilong  the  coast  from  Girvan  to  Ballantrae,  but  I  have  not  found  it  at 
West  Kilbride. 


Life-zones  in  the  British  Carhoniferous  Rocks, — Report  of  the  Com" 
mittee^  consisting  of  Mr.  J.  E.  Marr  {Chairman)^  Dr.  Wheelton 
Hind   (Secretary),  Mr.  P.   A.   Bather,  Mr.   G.  C.   Crick,  Dr. 

A.  H.  FooRD,  Mr.  H.  Fox,  Professor  E.  J.  Garwood,  Dr.  G.  J. 
HiNDE,  Professor  P.  F.  Kexdall,  Mr.  J.  W.  Kirkbv,  Mr.  E. 
KiDSTON,  Mr.  G.  W.  Lamplugh,  Professor  G.  A.  Lebour,  Mr. 

B.  N.  Peach,  Mr.  A.  Strahan,  and  Dr.  H.  Woodward.  (Drawn 
up  by  the  Secretary,) 

The  suggestions  of  the  rSecretary,  published  in  the  last  report  of  the  Com- 
mittee, that  the  faunas  of  (a)  the  beds  which  occur  between  the  Millstone 
Grits  and  the  Massif  of  Limestone  in  the  South  Pennine  area,  and  {b) 
the  faunas  which  occur  in  the  shales  between  the  Millstone  Grits  and  the 
upper  beds  of  Limestone  in  the  North  Pennine  area  should  be  examined, 
was  carrifd  out  by  placing  a  collector  in  the  Pendle  district  and  one  also  at 
Hawes.  The  Committee  have  been  most  fortunate  in  obtaining  the  skilled 
services  of  Messrs.  Rhodes  and  Tait,  collectors  on  the  Staff  of  the  Geo- 
logical Survey,  while  on  vacation,  and  Mr.  Rhodes  has  collected  in  the 
beds  between  the  Underset  Limestone  and  the  Millstone  Grits  around 
Hawes,  and  Mr.  Tait  has  collected  in  the  beds  between  the  Clitheroe  a)id 
Chipping,  inliers  of  Massif  Limestone  and  the  Millstone  Grits. 
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Mr.  Rhodes  has  sent  several  sections  shown  by  the  streams  examined  by 
him,  which  are  appended,  and  the  fossils  he  has  collected  are  shown  in 
tabular  form.  The  results  of  Mr.  Tait's  collecting  are  also  shown  in  tabular 
form,  and  a  comparison  of  the  two  sets  of  fossils  is  most  instructive  ;  for 
while  Mr.  Rhodes'  specimens  are  all  members  of  the  fauna  of  the 
Carboniferous  Limestone,  in  the  Pendleside  fauna  only  a  few  Brachio- 
pods  are  common  to  it  and  the  Carboniferous  limestone. 

The  work  done  by  these  collectors  largely  confirms  the  results  ex- 
pressed in  the  paper  read  before  the  Geological  Society  last  February  by 
the  Secretary  to  this  Committee  and  Mr.  J.  A.  Howe,  which  has  just 
appeared  in  the.  *  Quarterly  Journal '  of  the  Society.  Mr.  Tail  has  traced 
the  Pendleside  fauna  over  a  wider  extent  of  country  locally.  Lately  the 
writer  has  obtained  this  fauna,  at  the  same  horizon,  in  North  Stafford- 
shire and  Derbyshire.  It  is  an  interesting  fact  that  he  has  this  year 
obtained  Chcmocardiola  (LuntUiicardium)  Fvotii  and  Posidonomya  mem- 
hranacea  in  these  beds,  hitherto  only  known  from  the  Upper  Limestone 
shales  of  Ireland.     . 

The  great  point  of  interest  in  Mr.  Rhodes'  collection  is  the  finding  in 
Edendale  of  many  species,  hitherto  only  found  in  the  shales  of  the  Car- 
boniferous Limestone  series  of  Scotland  :  Parallelodon  aemicostatum, 
Nucula  luein\formi8y  N,  oblonga^  NucmIcmq  IcBvistriata,  Proioschizodua 
impressuSy  Cyprieardella  annoB^  C.  rectangulariSf  Sanguinolitea  plicatiLS, 
*S^.  varic^isy  Sedgtoickia  scoticay  ErUolium  Sowerhyiy  Euomphalus  carbon- 
aritts,  Hyalostelia  paralleloy  and  Serpulites  membranacea. 

This  fact  is  important  as  an  aid  to  correlation  of  the  Limestone  series 
of  Scotland  with  portions  of  the  Carboniferous  series  of  England. 

The  Cephalopoda  have  been  submitted  to  Dr.  Foord  and  Mr.  Crick,  the 
Sponges  to  Dr.  G.  J.  Hinde,  the  Crustacea  to  Dr.  H.  Woodward.  The 
Secretary  has  determined  the  Lamellibranchiata  and  Brachiopoda. 

Dr.  A.  H.  Foord  reports  about  the  Cephalopoda  sent  from  Mr.  Rhodes' 
series  :  '  They  blearly  represent  an  horizon  high  up  in  the  Carboniferous, 
i,e,y  that  of  the  Upper  Limestone  group  of  the  Scottish  Carboniferous 
Limestone  series.  The  species  I  particularly  refer  to  are  Orthoceraa 
stUcatum  (Flem.),  Cyrtocerag  (Meloceras)  rugo9um  (Flem.).'  The  Lamelli- 
branchiata and  small  Gasteropoda  strongly  confirm  this  view.  At  the  same 
time  the  absence  of  the  Pendleside  fauna  both  in  Scotland  and  the  North 
of  England  is  important.  The  tvpical  Cephalopoda  and  Lamellibranchiata 
of  this  group  have  not  yet  been  found  as  a  fauna  where  the  Scotch  type 
of  fauna  occurs.  The  Pendleside  fauna  has  been  obtained  in  beds  of  the 
same  series  at  several  places  in  S.  W.  Yorkshire,  N.  Staffordshire,  Cheshire, 
Derbyshire,  and  Co.  Dublin,  and  the  characteristic  zone-forms  appear  to 
be :  Glyphidcercu  reiictdeUuniy  '  G.  bUingvAy  6.  apiraley  Dimorphoceraa 
Gilbertionij  G,  Loonyi^  Gtutrioceraa.  carbonariusy  G.  LiHeriy  Orthoceraa 
SUmhaureiy  AvieulopecUn  papyraceusy  Poaidononiya  Becheriy  P.  m&nh- 
branaceOy  P.  cormgoia^  Postdoniella  Usvia  and  P.  minora  Nuctdana  stUlOy 
Schizodus  antiquvsy  Chwnocardiola  Footiiy  Leiopteria  longirostrisy  Macro- 
cheilifia  Gibsoni^  M,  reticulata^  M.  elegans. 

It  is  interesting  to  note  that  Mr.  Rhodes  found  Productus  gigantetia 
and  P.  tatisHmus  as  high  as  the  Main  Limestone  in  the  Hawes  district, 
and  that  he  obtained  P.  gigarUeus  and  Choetetes  septosua  with  lAihostrO' 
turn  plentifully  33  feet  over  the  Hardraw  Scar  Limestone  at  Mill  Gill, 
Aign^t  QJod  I  have  latdy  obtained  all  tbx^  in  th)3  Maiu  Limestone  of 
WeaHale..  .      . 
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List  of  Sections  from  which  Mr.  Rhodes  collecteoL 

A 

iTo/a*  on  Section  A.  Far  Cote  Gill.  I4n,  Survey,  Sheet  iO,  Q-in.  SJieet  ZQ. 
Westmorland,  Beds  s€en  from  base  of  Underset  Limestone  to  Crow 
Limestone. 

Ft.  In. 

Ganister 4    0 

U.  Limestone.    7  Thickness,  say 36    0 

40-98  .        •        •    Hard  dark  calcareous  shale  on  impure  Limestone  top  of . 

U.L 4    0 

Blue  shale  with  Ironstone  nodules 5    0 

Hotted  sandy  shale,  about 7    0 

Sandstone  false-hedded,  with  sandy  shale,  about    .        .    15    0 
Main  Limestone  disturbed.     ?  Thickness         .        .        .  ?  25    0 

Top  of  above  not  seen -  ^ 

Fossils  from  upper  "j 

foot  (10-fathom    Impure  g^rey  flaggy  Limestone 2    0 

Grit).  1-39.         J 

Dark  unfossiliferous  sandy  shales  and  sandstones    .        .  ?  50    0 
Little  Limestone,  grey  crystalline  Limestone,  traces 

of  encrinites 2    0 

Grey  chert  streaked  with  black,  sponge  spicules      .        .20 

Thin  nodular  bed.     ?  Phosphatio OS 

99-113  .        •        •    Blue  shale  with  Ironstone  nodules  and  pyrites       •        .60 

B 

Little  Limestone,  Smithy  GUI,  B.  slope  of  Swarth  Fell.    1-in.  Sur* 
vey,  Sheet  40.     Westmorland. 

Ft.  In. 
Undbbsbt  Lime-    Blue  Grey  Limestone,  with  chert  nodules       •       .       .60 

STONB. 

Froductus   gigan- 1  Coral  Limestone  (turbinate  Ck)rals)  .        •        •        .        .20 
tens.  J  „  (LitUostrotion  1  junceum),  varies  from  1  to  3    0 

Grey  blue  Limestone 6    0 

7  Several  feet  covered       .        .  • — 

Top  bed  seen  in  Gill  bed 2    0 

Grey  and  black  chert  bed,  with  sponge  spicules       •       .20 

Rotted  shales 10    0 

Covered.      ?  Feet — 

Sandstone  false-bedded    .......      14  0 

Froductus   gigan-' 

-  Main  Limestone.     7  Thickness,  but  probably  not  more    20    0 


tens,  very  rare ; 
and  occasional 
turbinate  Corals^ 


Top  showing  in  stream     ..,.,..        — 

Rotted.    7  Calc.  shales     . 2.0 

Rotted  shale     . 8    0 

^^foo^ ^iXiTt^' }  ^^""^^  Limestone,  impure  grey  Limestone  ...      2    0 

Rotted  shale ?60 

Sandy  shale  and  sandstones  directly  resting  on  above     «        w 

c 

Goodham  Gill,     E,  slope  of  Swarth  Fell,     1-tn.  Survey,  Sheet  40. 
6-in.  Sheet  49.      Yorkshire,     U,  Lvnestone.    Base  not  seen, 

'     '    \     •  Ft.  In. 

-UNDEB8ETLiMB'*Ooral  rerfseentind*coHect(*l  froi»;aixnit   •-,*  *  V      i    'i  fi 
STONE.  other  part  of  Limestone  obscure     •       •       •       •      -  ^ .    .  ^ 
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Fossils   from  top 
foot. 


Fossils 


Frodactns    gigan- 
tens.  Very  rare. 


Little      Lime- 
ETONE  series. 


Fossils. 


Fossils  ?      •       , 


Ft.  Li. 
Hard  grey  silicions  shale  on  Limestone  •  .  .  .10 
Soft  shale  covered  in  little  waterfall         •        .        .        .10 

Hard  silicious  flaggy  shale       .        •        .        .        .        .30 

Grey  crystalline  Limestone 14 

Grey  and  darker  chert  bed,  with  sponge  spicules     .        .30 

Limestone  bluish  grey 0    6 

Dark  chert  spicules 0    6 

Black  chert  spicules 10 

Hard  blue  silicious  Limestone 10 

About  10  feet  of  beds  covered 10    0 

Calcareous  shales  at  base  of  second  waterfall  at  gorge     .  3    0 

Dark  sandy  shale  (micaceous)  with  lenticles  of  sandstone  26    0 

False-bedded  sandstone 20    0 

Main  Limestone ?  30    0 

Calcareous  shales,  thin  band  rotted         .        .        .        .06 

Marked  shale,  probably 4    0 

Dark  calcareous  shale  (flaggy) 6    0 

Impure  Limestone,  with  silicious  bands  and  enorinito 

ossicles 10 

Hard  grey  Limestone,  with  encrinite  ossicles  .        .        .20 

Shale  black  and  micaceous 16 

False-bedded  sandstone ?  2    0 

Dark  sandy  shale,  with  pyrites 4    6 

Sandy  shale,  false-bedded  sandstone  ripple-marked  at 

top 40    0 

Calcareous  sandstone,  marine  band 10 

Rotted  sandy  shale 2    0 

Cron  Limeitonot  grey  crystalline  L.,  traces  of  encrinite 

ossicles 2    0 

Hard  silicious  flaggy  shale  with  Cauda  Galli  .        .        .30 
Blue  shale,  over  above  not  seen  in  junction,  but  higher 

up  stream  4  feet  seen,  and  yielding  Ironstone  nodules      4    0 
Above  this  sandy  micaceous  shales,  probably  with  occa- 
sional Ironstone  nodules 60    0 


GoodJiam  Gill  Sections. — From  Underset  Limestone  to  probable  Base  of 

Millstone  Grit. 

Ft.  In. 

Undsbset  Lime-    U.  Limestone ?  25    o 

STONE.  Himi  grey  silicious  shale  top  of  U.L 10 

Soft  shale  shown  under  bed  of  stream      .  .        .10 

Hard  silicious  flaggy  shale  (fossils) 3    0 

Grey  crystalline  Limestone 14 

Grey  and  dark  chert  bed,  with  sponge  spicules        .        .30 

Limestone  bluish  grey 0    6 

Dark  chert  (sponge  spicules) 0    6 

Black  chert  „ 10 

Blue  hard  silicious  Limestone  .^ 10 

About  10  feet  of  beds  covered 10    0 

Calcareous  shales  base  of  waterfall  (fossils)  .  .  .30 
Dark  sandy  shales,  with  some  flaggy  sandstone  near  top  25  0 
False  bedded  sandstones  to  base  of  ^lain  Limestone      .  .  20    0 

Main  Limestone    Main  L.  (with  occasional  Productus  gigantem and  Corals)  ?  30    0 
Calcareous  shale        ........      0    6 

?  About  4  feet  of  shales.    ?  Covered         ,        ,        ,        .40 
Hard  dark  silicious  shales        .•«.••      6    0 
Limestone  with  silicious  bands        .        .        .        .        .10 

Hard  grey  Limestone  with  encrinite  ossicle*  .        •        .20 

•  u2 
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Ft.  In. 

Shale  black  and  micaceous 16 

Sandstone  false-bedded 2    0 

Dark  sandy  shales  with  pyrites 4    6 

Hard  gr^t  on  sandstone  bed 2    6 

Sandy  micaceons  shales  with  lentioles  of  sandstone  in 

upper  part 8    0 

Sandstone  more  or  less  false-bedded  and  ripple-marked 

in  upper  part 7  30    0 

Calcareous  grit  (?)  fossiliferous 10 

Rotted  shale SO 

{Blue-grey  silicious  Limestone 2  0 
Hard  silicious  flaggy  Limestone 10 
Hard  silicious  shale  with  Cauda  Galli  .  .  .•.20 
Shales  with  Ironstone  nodules  rotted.  7  About  .  .60 
About  14  feet  of  shales  covered.  7  Same  as  above  .  .  14  0 
Dark  micaceous  sandy  shales  (iron  nodules)  .  .  60  0 
Dark  and  more  sandy  shales  with  one  or  two  flaggy 
bands  in  upper  part  and  irregular  calcareous  sandstone 

masses 40    0 

Irregular  flaggy  sandstone    ripple-marked,    and    with 

annelid  tracks 25    0 

Massive  grit  with  ganister-like  top,  rootlets  in  top  beds  7  20    0 

Shale-rotted 740 

Impure  nodular  Limestone  band  with  cyprids         .        .06 
Blue  rotted  shales  with  some  Ironstone  nodules      .        .  7  20    0 

Qrey  ganister  (rootlets),  about 0    4 

Coal  seam,  silicified  (7),  6  in.  to  1  ft 10 

Hard  silicious  flaggy  beds  with  fossils      .  .        .40 

7  Base  of  Millstone  Grit .,*,.«. 


Lun^s  GUI  Sections, 

Ft.  In. 

Undbbsst  IiME-    U.Limestone 20    0 

8T0KB.  Dark  blue  flaggy  silicious  Limestone  (fossils) .        .        .    12    0 

Grey  and  black  chert 6    0 

Grey  silicious  Limestone 10 

Blue  chert 0    8 

Grey  silicious  Limestone 10 

Blue  Limestone 16 

-  Calcareous  shales.    7  Spirifera  glabra  common  .30 

Blue  shale  with  Ironstone  nodules 4    0 

Dark  sandy  shale  with  Ironstone  nodules  «  .  .80 
Dark  sandy  shale  passing  up  into  sandstones  .  .12    0 

False-bedded  sandstones 20    0 

Main  Limestone    Main  Limestone  grey  and  compact  lower  part  .    25    0 

„  middle  part  coarsely  encrlnital  .        .    25    0 

„  upper  part  compact  encrlnital    .        .    26    0 

Sandy  shales  and  flagstones,  flags  ripple-marked   .    20  to  25    0 

Ganister-like  grit 16 

Little  Limei^tone  blue  (small  encrinite  ossicles) .       .20 
Dark  silicious  flaggy  beds  with  Cauda  Galli    .        ..16 
Little       Lime-  -j  Rusty  layer  glauconitic,  and   containing   ?  calcareous 

BTONE,  sponge  spicules 0    3 

Silicious  shales 10 

Bltfe  shale  with  Ironstone  nodules 10    0 

Sandy  shales  with  Ironstone  nodules  .  .  •  •  15  0 
SaiMy  shales  with  some  thin  flags  in  upper  part  .  .  30  0 
Paik  sandy  shales  and  flags  interbedded.  (7)  Probably  .  100    0 
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E 

Cartm^e  GUI,  K  Baugh  Fell,  Grisedale.     1  tn.  Sheet  40.     6-in.  Sheet  49. 

Yorkshire* 

Ft  In. 

XiTTLB       LiMfi-/L.  limestone.    Blae  Limestone 2    6 

8T0RB.  I  Black  and  grey  silidoos  beds •80 

Dark  shales — 

Crow  Limestone  (encrlnital  Limestone)  .       .       .       .60 


Sound  Ing  Gill,  Grisedale,    SIteet  40,  l-tn.     Sheet  49»  6-tncA 
Map.     Yorkshire. 

Ft.  In. 
Main  Limestone    .       •       .       .       •  •       .  ?  >- 

Calcareous  shale ..BO 

Blue  shale ..90 

Hard  flag^ry  silicions  Limestone  beds       .        •        .        .20 

Dark  sandy  shale      . 9    0 

Sandstone •      .  '      .        .        .  f    — 

Little  Limestone  not  seen. 

The  thick  sandy  shale  banks  not  in  good  position  for 
working. 


Q 

Fluot  GUI,  Grisedale.    l-tn.  Sheet  40.    O-tn.  Sheet  49».     Yorkshire. 

Ft.  In. 

Main  Limestone •       •       .7250 

Sandy  shales  and  sandstones.  Sandstone  ripple-marked  ?  26  0 
Little   Limestone.      Bine  compact  Limestones  (on 

sandstone) 2    0 

Hard  cherty  Limestone 2    0 

Cherty  shale  not  clear 3    0 

Botted  shales*  mostly  covered 12    0 

Sandy  shales  with  fossils  (and  Ironstone  nodules)  .  .  70  0 
Calcareous  sandstone  masses  and  thin  flags  and  shales  .    25    0 

Sandy  micaceous  shales ?  10    0 

Impure  Limestone  not  in  place — slipped  (7  represents 

Cbow  Limestone)       .       .       ...       .       .       .20 

Section,  over  U.S.  LiinesUme. — Mill  Gill  ahove  Mill  Gill  Force, 
Askrigg.  6  in  66,  N.E."^  Yorkshire  Section  ab'pve  Hardra  Scar 
lAinestone. 

Ft.  In. 
Habdba  Scab  Limestone,  probably  .  .  .  .  60  o 
Calcareous  shale  (encrinite  ossides)  .  .  .  .06 
Thin  calcareous  band  weathering  brownish  red        .        .02 

Blue  shale •      .        .        •        .10 

Irregular  sandstone  and  sandy  shale  partings  .  .  .  28  0 
Carbonaceous  shale  with  coaly  streaks  and  plant  remains  1  0 
Grit  band  with  plant  impressions  .  .  •  •  .06 
Carbonaceous  shale,  plant  remains  .        .  •      •        •        •      0    9 

Blue  shale -      .        .        .10 

Fossils.        .        •    Calcareous  band,  with  parts  Limestone  Corals,  &o.  .        .10 
Hard  compact  hydraulic  Limestone .        .  -  .        .20 

Hard  shale  band  (7  with  Fosidonomya  not  well  preserved)  0  2 
Hard  compact  hydraulic  Limestone  *      •  •      .       •       .20 
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Mr,  Rhodes^  collecting  in  the  Hawes  Area, — Table  A. 

A— Farcote  Gill. 

•     E— Cartmere  Gill    1 
F— Round  Ing  Gill  >Grii 

B— Smith's  Gill. 

sedale. 

C— Goodham  Gill. 

G— Fluot  GiU           j 

D— Lund's  Gill. 

H— Nine  Standards  Fell, 

Faraday  Gill. 

The  Cephalopoda  have  been  determined  by  Dr.  A.  H.  Foord ;  Sponges  by  Di 

.  G.  J. 

Hinde ;  the  other  specimens  by  Dr.  W.  Hind. 

1 

1 1. 

J 

d 

1 

i 

1 

|i 

ill 

1    a 

15 

1 

08 

1 

i 

1 

^ 

^ 

^1 

sl 

A 

Porifera                                        ' 

Hyalostelia  parallela  (M*Coy)  i    — 

—        —    i    —         — 

— 

E 

Hexactinellid  spicules  .        .  i    — 

A      ,    —     1     —       AD 

— 

EC 

Monactinellid  spicules  .        .  !    — ' 

A          —     1    —     1  AD 

— 

EC 

Tetractinellid  spicules  •        .  1 

. 

EchiTwdermata                             ' 

1 

Crinoid  joints         •        .        .       — 

D         _         -     1    - 

— 

^      1 

Annelida 

1            i 

1 

Serpulites  membianacea           i 

i            1            1 

1 

(M^CJoy)     .        .        ,        .  1    - 

A          -     ,     A      1    ~ 

GD 

! 

Arthrqpoda                                   j 

1 

Entomoconchus  Scouleri       .       C 

I 

1 

Polytoa                                       j 

' 

Glauconome  grandis     •        .  '    — 

^      '            1 

Fenestella      .        .        .        .  1    C 

A                 1 

j 

Polypora  dendroides  (M'Coy)  ;    — 

D     ; 

Braohiopoda 

Athyris  ambigua    . 

C 

—    :    — 



— 

— 

H     1 

„       planosulcata     . 

C 

^r.^         ' 

„       ezpansa    . 

— 

D                      _ 

1 

Camarophoria  globullna 

c 

—     1    — 

F 

Chonetes  laguessiana    • 

c 

—    1    — 

AF 

B 

Dielasma  gillengensis    . 

c 

c 

Biscina  nitida 

— 

— 

— 

A 

— 

— 

H 

Lingula  squamiformis  , 

— 

AD 

_. 

AF 

B 

„       mytiloides 

D 

— 

AF 

— 

— 

— 

C 

Orthis  resupinata .        • 

— 

D 

Productus  aculeatus      • 

0 

„         giganteus     . 

ABC 

— 

ABC 

1 

»,         longispinus  . 

C 

CD 

— 

F 

! 

„         scabriculus  . 

— 

— 

— 

—    1    — 

— 

C      1 

„         semireticulatus    . 

C 

ACD 

— 

F      !  B  C 

— 

CH  1 

„         punctatus     . 

c 

AC   j    -- 

— 

— 

— 

^     1 

„         undatus 

— 

A 

1 

Retzia  radialis 

— 

—         — 

(F7) 

Rhynchonella  acuminata 

c 

1 

.      1 

„         ,       p^eurodon 

—  - 

AC        — 

AF       B 

— 

C      ' 

Spirif  er  crassus     . 

— 

CD 

- 

C          C 

F 

^      1 

„        glaber     . 

c 

D 

—         — 

— 

C      1 

,».       lineatus  • 

c 

AC 

— 

—         0 

„        ovalis 

— 

c 

— 

—        — 

— 

CH 

„        trigonalis. 

— 

CJD 

— 

A(F?)    BC 

„        striatals    .        .        .  1     — 

A      1 

1 
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S 

i 

? 

? 

1 

J 

|| 

•^ 

Underset  Li 
1                stone 

i 

S 

1 



-i 

1 

H 

OH 

Streptorhynchus  crenistria 

.       — 

— 

— 

F 
A 

BE 

GD 

LatneUibranohuUa 

Aviculopecten 

„           segregatns 

A 

Bntolium  Sowerbyi 

D 

0 

A 

0 

Leiopteria  Innnlata 

A  C 

Pinna  mntica 

— 

A  D 

D 

Pleronites  angn.status    . 

— 

C 

Cypricardella  annsa 

— 

H 

„           rectangularis 

— 

H 

Ctenodonta  Isvirostris . 

— 

AH 

A 

F 

— 

ADG 

Edmondia  Maccoyi 

— 

— 

— 

CF 

„         snlcata  •        • 

— 

-- 

— 

C  F 

)i         sp. 

— 

— 

— 

— 

— 

EDG             1 

„         unioniformifl  ? 

__ 

0 

- 

Lyelli   .        . 

— 

A 

Lithodomus  lingnalis     . 

— 

A 

— 

— 

B 

Myalina 

— 

__ 

— 

F 

Nucula  gibbosa     . 

— 

D 

A 

„       laciniformis     . 

— 

AD 

— 

— 

— 

GDEC 

„       oblonga    . 
Nncnlana  attennata 



A 
D  H 

— 

A 

■""■ 

EDG 
ECG 

„       laevistriata 

— 

— 

— 

— 

— 

C  G 

Parallelodon  reticulatum 

— 

— 

— 

— 

B 

,,          semicofitatum 

— 

AD 

E 

Protoschizodus  axiniformis 

— 

C 

— 

E 

B 

„            impressus 

— 

— 

A 

— 

B 

Sangninolites  angustatns 

— 

A 

„          plicatus  . 

— 

— 

— 

— 

B 

„          tricostatus 

^       — 

C 

„          Tariabilis 

— 

— 

— 

C 

E 

DECG 

Scaldia  Benedeniaria    . 

— 

B 

— 

E 

B 

Bedgwickia  scotica 

— 

0 

Solenomya  prim«va      . 

. 

0 

F 

Euomphalas  carbonarius 

— 

D 

— 

A 

Natica  plicistria    . 

— 

D 

C 

— 

A 

Bellerophon  decassatus  var 

striatus     . 

— 

— 

— - 

— 

— 

G  C 

Urei  . 

— 

D 

— 

— 

AC 

DCG 

E 

Cyrtoceras  (Meloceras)  rugo 

C 

sum    •        •        •        • 

Orthoceras  cf.   Morrisianani 

I       — 

A 

— 

D 

AE  D 

„         salcatam     . 

— 

A 

— 

— 

— 

Q 

Plenronautilus      nodosooari- 

natns 

,       — 

— 

— 

— 
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The  StrtLciure  of  Crystals.^^Report  of  tite  Committee^  co^isisiing  of 
Professor  N.  Story  Maskelyne  (Chairman),  Professor  H.  A. 
MiERS  (Secretary),  Mr.  L.  Fletcher,  Professor  W.  J.  Sollas, 
Mr.  W.  Barlow,  Mr.  G.  F.  Herbert  Smith,  and  the  Earl  of 
Berkeley,  appointed  to  report  on  the  Present  State  of  our  Know^ 
ledge  concerning  the  Structure  of  Crystals.  (Drawn  vp  by  Mr. 
Barlow  and  Professor  Miers,  assisted  by  Mr.  Herbert  Smith.) 

Part  I. 

Report  on  the  Development  of  the  Geometrical  Tlieories  of 
Crystal  Structure,  1666^1901. 

The  problem  of  the  structure  of  a  crystal  presents  itself  under  two  aspects  ; 
it  involves  the  consideration  (1)  of  the  material  which  constitutes  the 
crystal,  and  (2)  of  the  manner  in  which  this  material  is  put  together.  To 
the  first  part  of  the  inquiry  belong  all  speculations  and  observations  which 
relate  to  the  nature  of  the  crystal  unit :  as  to  whether  it  be  a  chemical 
molecule  or  an  aggregation  of  chemical  molecules;  what  may  be  its 
dimensions  and  regularity  or  irregularity  ;  and  what  forces  co-operate  to 
fix  its  position  and  orientation. 

It  miffht  reasonably  be  supposed  that  this  part  of  the  inquiry  should 
preciBde  that  which  relates  to  the  arrangement  of  the  material.  In  reality, 
however,  very  little  is  known  about  the  actual  nature  of  the  ultimate 
particles  of  matter  in  the  solid  state,  and  much  more  is  known  about  the 
manner  in  which  it  must  be  arranged.  For,  as  the  study  of  crystals  has 
progressed,  it  has  been  found  that  their  morphological  and  physical 
regularity  results  from  the  fact  that  they  are  homogeneous  ;  both  the  law 
of  rational  indices,  which  regulates  the  disposition  of  the  faces  of  a 
crystal,  and  the  seolotropism,  which  regulates  its  physical  chaiticters,  are 
in  harmony  with  the  geometrical  properties  of  a  homogeneous  structure. 

Now  the  distribution  of  the  material  in  a  homogeneous  structure  may 
be  studied  as  a  geometrical  problem  quite  independently  of  the  nature  of 
the  material,  for  it  may  be  treated  as  the  problem  of  the  homogeneous 
partitioning  of  space  (see  below,  p.  310). 

The  present  portion  of  the  report,  therefore,  deals  exclusively  with 
the  geometrical  theory  of  the  homogeneous  partitioning  of  space,  or  (what 
comes  to  the  same  thing)  the  homogeneous  repetition  of  identical  parts  in 
a  uniform  structure  ;  a  side  of  the  subject  which  seems  to  have  reached 
something  like  finality. 

A  second  part  will  be  concerned  with  the  nature  of  the  ultimate  par- 
ticles and  with  the  possible  arrangements  corresponding  to  actual 
substances,  a  side  of  the  subject  which  presents  considerable  difficulty  and 
may  be  said  to  be  still  in  its  infancy. 

In  order  to  put  before  the  reader  a  clearer  and  more  satisfactory  idea 
of  the  present  state  of  our  knowledge,  the  historical  development  of  the 
subject  is  sketched  below,  and  the  more  important  contributions  to  this 
development  are  discussed  in  detail.  It  will  thus  be  perceived  that  con- 
tinual progress  hasbeen  made  towards  a  clearer  comprehension  of  the  possible 
ways  in  which  the  homogeneous  repetition  of  parts  may  take  place,  each 
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advance  being  suggested  or  confirmed  by  the  knowledge  obtained  from  the 
investigation  of  the  morphological  and  physical  characters  of  crystals. 
Since  the  means  at  our  disposal  do  not  admit  of  the  proof  of  the  existence 
of  similarly  repeated  parts  in  crystals  by  direct  observation,  any  such 
proof  mast  necessarily  be  indirect,  and,  to  be  conclusive,  the  properties  of 
homogeneous  structures  mathematically  deducible  must  Ije  ^own  to  be 
in  complete  harmony  with  those  lustually  observed  in  crystals. 

Early  Views, 

Many  of  the  physical  properties  of  matter  may  be  explained  without 
any  idea  of  structure  or  grain,  and  some  physicists  have  so  defined  homo- 
geneity ;  ^  but  such  definitions  merely  ignore  and  do  not  preclude  the 
conception  of  a  homogeneous  repetition  of  definite  parts.^  Indeed, 
the  call  for  such  a  conception  seems  imperative.  Without  structure  it 
would  be  difficult,  for  example,  to  explain  the  striking  polarity  displayed 
by  such  a  mineral  as  tourmaline.  From  considerations  based  upon  known 
fticts  in  physics  and  chemistry,  it  has  been  shown  that  the  dimensions 
of  the  atoms,  or,  perhaps,  the  distances  between  their  centres,  though 
extremely  small,  must  lie  within  definite  limits.^ 

That  by  the  packing  together  of  similar  bodies  artificial  systems  may 
be  obtained  whose  symmetry  of  form  closely  resembles  that  of  certain 
crystals  was  perceived  nearly  two- and-a-hsJf  centuries  ago  by  Bobert 
Hooke  from  a  study  of  the  forms  presented  by  alum.  Thus  he  says : 
'  I  think,  had  I  time  and  opportunity,  I  would  make  probable,  that  all 
these  regular  Figures,  that  are  so  conspicuously  vwrums  and  curwaa  .  .  • 
arise  only  from  two  or  three  positions  or  postures  of  Globular  particles, 
and  those  the  most  plain,  obvious  and  necessary  conjunctions  of  such 
figured  particles  that  are  possible.  .  .  .  And  this  I  have  ad  oculum  demon- 
strated with  a  company  of  bullets  and  some  few  other  very  simple  bodies  ; 
so  that  there  was  not  any  regular  Figure,  which  I  have  hitherto  met 
withal,  of  any  of  those  bodies  that  I  have  above  named,  that  I  could  not 
with  the  composition  of  bullets  or  globules  and  one  or  two  other  bodies, 
imitate,  even  almost  by  shaking  them  together.'  * 

Just  after  Hooke  had  put  forward  his  idea,  evidence  of  the  regularity 
of  crystal  structure  was  supplied  by  the  observation  of  Nicolaus  Steno,* 

'  Cf,  the  definitions  given  by  Biot  in  <  M^moire  snr  la  Polarisation  lamellaire,' 
Mim,  Acad,  Sci,,  1842,  xviii.  p.  633,  and  by  Thomson  and  Tait  in  I^aiural  PhxUh- 
9o^hy,  §  676. 

'  The  following  definition  of  a  crystal,  based  exclusively  on  physical  bebarionr, 
was  first  enunciated  by  Oroth :  *  A  crystal  is  a  homogeneous  solid  body  whose  elasti* 
city  differs  in  different  directions  within  it'  (^Bcr,  d,  Bfrliner  Ah,  1876,  p.  649).  As 
Schonfiies  remarks,  it  is  now  generally  admitted  that  the  constancy  of  the  crystal 
substance  is  revealed  by  its  physical  properties  rather  than  by  its  external  form,  the 
latter  being  indeed  more  or  less  fortuitous  and  dependent  on  the  conditions  of  growth 
(see  Schonfiies  KrygtalUytteme  ujid  Krystallgtructur^  p.  6). 

•  Lord  Kelvin  (Sir  W.  Thomson),  Nature,  1870,  vol.  i.  pp.  661-663,  reprinted 
Appendix  F, '  Natural  Philosophy,'  by  Thomson  and  Tait.  It  is  interesting  to  note 
that  certain  of  Jordan's  groups  of  movements,  in  which  some  of  the  minimum  dis- 
tances separating  similarly  repeated  ultimate  parts  are  infinitesimally  small  as 
compared  with  the  others,  are  incompatible  with  the  symmetry  of  actual  crystal 
forms,  i.0.,  forms  obeying  the  law  of  rational  indices  (see  below,  p.  312). 

♦  Miorographia^  London,  1665,  p.  85. 

*  De  soUdo  intra  tolidum  naturaliter  eontento  di4$ertaiumis  prodromui,  Florentie, 
1669  (Bnglish  translation,  London,  1671). 
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that  the  mutual  inclinations  of  corresponding  faces  of  rock-crystal  are 
the  same  in  different  specimens. 

It  was  seen  that  the  property  of  cleavage  also  points  to  the  uniform 
repetition  throughout  a  crystal  of  a  definite  structure  of  some  kind,  and 
various  suggestions  as  to  the  forms  of  ultimate  particles  were  based  upon 
the  cleavage.  Thus  Guglielmini,^  who  also  studied  the  forms  of  alum, 
argued  the  existence  of  plane  faces  for  these  particles,  and  attributed 
crystal  forms  to  them.  This  observer,  relying  on  the  uniformity  of 
internal  structure,  was  the  first  to  affirm  that  crystals  of  the  same  sub- 
stance must  always  cleave  in  the  same  directions.  Westfeld  *  suggested 
that  calc-spar  is  composed  of  rhombohedral  particles.  The  latter  idea 
was  adopted  and  extended  by  Gahn  and  Bergmann,^  who  thus  anticipated 
the  general  theory  of  crystal  structure  put  forth  by  the  Abb^  Haiiy, 
to  which  reference  will  be  made  immediately. 

Shortly  prior  to  Haiiy  we  have  the  important  discovery  made  by 
Rom^  de  I'lsle  *  that  the  various  shapes  of  crystals  of  the  same  natural  or 
artificial  product  are  all  intimately  related  to  each  other,  and  can  be 
derived  from  a  certain  fundamental  figure  called  the  primitive  form^  the 
shape  and  angles  of  which  are  proper  to  the  substance.  The  variety  of 
form  is  due  to  the  variety  of  the  secondary  faces.  De  Tlsle  himself 
seems  to  have  supposed  that  the  secondary  faces  have  absolutely  arbitrary 
positions,  except  so  far  as  they  are  fixed  by  symmetry  of  mere  external 
form.  His  work,  by  directing  attention  to  the  invariable  nature  of  the 
crystal  substance,  and  to  the  striking  contrast  between  this  invariability 
and  the  variety  of  external  form  which  may  be  exhibited  by  the  same 
body,  supplemented  the  evidence  in  the  same  direction  afforded  by 
optical  and  physical  properties.^ 

It  is  now  rather  more  than  a  century  since  Ilen6  Jiist  Haiiy  sug- 
gested an  intimate  relation  between  the  forms  of  crystals  and  the  arrange- 
ment of  their  ultimate  parts,  and  thus  placed  the  study  of  crystal  structure 
on  a  sure  foundation.  The  stimulus  given  to  research  by  his  labours  has 
been  enormous ;  multitudes  of  facts  supporting  his  principal  conclusions 
have  been  accumulating  ever  since  his  day  ;  and  it  is  not  too  much  to  say 
that  nearly  all  the  subsequent  work  on  the  subject  has  been  but  an  expan- 
sion or  modification  of  the  «rork  done  by  him. 

Haiiy  bases  his  conclusions  as  to  the  nature  of  the  crystal  unit,  or 
molecule,  entirely  on  the  phenomena  of  cleavage.  In  any  given  crystal 
which  displays  this  property  he  determines  the  shape  of  the  similar  poly- 
hedra  which  would  be  obtained  by  separating  the  mass  along  cleavage 
planes  into  a  number  of  similar  fragments,  each  set  of  parallel  planes  of 
cleavage  being  equally  spaced  throughout.  For  example,  cleavage 
parallel  to  the  faces  of  a  cube  leads  to  cubic  fragments  ;  that  parallel  to 
the  faces  of  a  hexagonal  prism  to  fragments  which  are  triangular  prisms 

^  Riftemoni  filoBofiohe  dedntte  daUe  figure  de  iali,  Bonon.  1688,  and  De  $alihu 
diseertatio  ejnstolaris,  Yenet.  1705. 

'  MineralogUohe  Ahhandlungen^  StGck  I.    Gottingen  n.  Gotba,  1767. 

»  •  VarisB  crystallorum  formae  a  Spato  ortae '  in  Nov,  Acta  Meg,  Soc,  So,  UptaLf 
1773,  i.,  and  •  De  formis  crystallorum  *  in  Opusc,  Upsala,  1780,  ii. 

*  Esiai  de  CHitallographie^  Paris,  1772.  Cruiallographie^  ou  deicription  det 
formes  proprei  ^  tom  les  corps  du  rhgne  mi/iUral^  Paris,  1783. 

*  Bchonflies,  KrystaZlsysteme  u,  KrystalUtructur^  p.  6. 
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(fig.  1).  The  nnits  thus  obtained,  which  he  ccJls  moUctUes  int^grante^,^ 
belong,  he  finds,  to  one  of  three  simple  kinds  :  they  are  in  some  cases 
tetrahedra,  in  others  triangular  prisms,  in  the  remaining  cases  parallele- 
pipeda,^  and  their  form  is  found  by  observation  to  be  invariable  for  a 
given  kind  of  mineral.  ^  He  considers  that  if  the  process  in  question  does 
not  furnish  the  precise  shapes  of  the  actual  crystal  molecules,  it  at  least 
pictures  to  us  a  representative  analysis  of  crystal  structure  which  is 
worthy  to  stand  for  the  actual  facts,  and  enables  us  to  correlate  them.^ 
A  further  partitioning  of  the  moUcvles  inUgrarUes  is,  indeed,  suggested, 
which  would  assign  a  definite  relative  position  in  space  to  the  elements 
forming  a  chemical  compound,^  but  the  chemical  atoms  (molectUes  ^emen- 
taires)  of  various  kinds  thus  supposed  to  have  distinct  places  in  the  crystal 
substance,  and  to  be  of  definite  and  constant  form,  are  not  made  the 
subject  of  investigation.  The  molSctdes  integrarUes  are  supposed  to  result 
from  the  regular  combination  of  the  latter  to  form  a  single  kind  of  unit 
or  molecule,  and  these  alone  form  the  basis  of  Haiiy's  theory  of  crystal 
structure. 

Adopting  the  idea  put  forward  by  Bom6  de  lisle  of  the  existence  in 
every  crystal  of  a  primitive  form,^  or  nucleus,  Haiiy  supposes  that  this 
nucleus  consists  of  a  considerable  number  of  molecules  inUgraiUee^  and 
that  the  primary  faces  of  a  crystal  are  the  outcome  of  regular  accretion 
upon  the  faces  of  the  nucleus.  Secondary  crystal  faces  are  those  not 
parallel  to  the  cleavages,  and  these  are  explained  by  supposing  that  the 
successive  layers  deposited  on  each  face  of  the  primary  nucleus  do  not 
overlap  preceding  layers  sufficiently  to  yield  merely  an  enlarged  figure  of 
the  same  shape  as  the  nucleus,  but,  falling  short  of  this  in  a  r^^lar 
manner,  form  by  their  boundaries  planes  which  truncate  the  edges  or 
corners  of  the  enlarged  figure  referred  to.®  He  points  out,  however,  that 
since  microscopic  crystals  have  as  complete  a  complement  of  faces  as  those 
of  larger  growth,  the  modification  by  which  the  structure  acquires  new  faces 
must  be  an  initial  one,  which  takes  plac^  once  for  all,  subsequent  growth 
being  the  result  of  accretion  upon  secondary  and  primary  faces  alike.^ 

In  cases  where  the  moUcvdes  inUgrcmtea  are  parallelepipeda  this 
mapping  out  of  secondary  face  directions  by  the  edges  bordering  suc- 
cessive layers  where  the  boundaries  of  added  layers  fall  short  at  edges  or 
comers  in  a  regular  manner,  is  easy  to  follow.  In  order  to  explain  in  a 
similar  manner  the  production  of  new  faces,  where  the  moUcules  in- 
tegrarUes are  tetrahedra  or  triangular  piisms,  Haiiy  r^^ards  these  mole- 
cules as  aggregated  to  form  parallelepipedal  groups,  which  he  calls 
moUcules  soustractives.^^  This  is,  of  course,  merely  a  geometrical  con- 
ception, intended  to  elucidate  the  growth  of  secondary  faces  by  regular 
decrease  in  extent  of  succeeding  layers,  and  does  not  refer  to  any  physical 
association  of  the  molecules  inUgrantes  to  form  moUcules  sofMtractives ; 

»  Traits  ds  MinSralogUy  Paris,  1801,  i.  pp.  xiv  and  6.  *  Ibid.,  p.  30. 

»  Ibid.,  pp.  xiv  and  20,  29,  and  32.  *  Ibid.,  pp.  7  and  31.  »  Ibid.,  p.  6. 

'  Traits  de  MinSralogie,  i.  pp.  20  and  28,  also  p.  481.  Hafly  cays  in  another  place : 
<  La  forme  primitive  parolt  6tre  le  rdsultat  de  la  orystallisation  la  plus  parfaite  dont 
on  min^al  soit  snsoeptible ;  mats  ce  n^est  pas  tonjoors  celle  qni  se  rencontre  le  plus 
ordinairement  *  (^Esioi  d^une  ThSorie  sur  la  Structure  dee  Cryitaua,  Paris,  1784, 
p.  60). 

'  Traits  de  MnSralogie,  i.  p.  29.  Thns  he  considers  that  the  primitive  form  of 
tourmaline  is  a  rbombohedron,  bat  that  the  moUoule  iivtSgrante  is  a  tetrahedron, 
which  is  the  sixth  part  of  such  a  rhombohedron  (see  iMd»,  p.  30). 

8  Ibid.,  p.  34  et  eeq.,  also  p.  286.  •  Ibid.,  p.  98.  »•  Ibid.,  p.  97. 
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for  the  purpose  of  explaining  the  prodnction  of  secondary  faces,  it  enables 
all  the  structures  formed  by  the  moUctdea  irUigrantea  to  be  regarded  as 
composed  of  parallelepipedal  units,  ^  although  these  may  be  only  geome- 
trical  fictions. 

The  hexagonal  structure  of  figs.  1  and  2  may  be  regarded  either  as 
built  up  of  the  moUculea  inUgrantea  ABC,  which  are  triangular  prisms, 
or  of  the  moUcules  soustractives  ABDC,  which  are  rhombic  prisms  of 
120°  and  60^ 

The  crystal  may  then  be  regarded  as  consisting  of  moUcules  sous- 
tractives,  which  are  parallelepiped  a  packed  together  in  parallel  positions 
so  as  to  fill  space  {&g.  4,  p.  305). 

The  growth  of  the  secondary  faces  by  decrements  consisting  of  whole 
numbers  of  the  molecules  sotistractives  leads  directly  to  the  great  and 
fundamental  Law  of  the  Rationality  of  Intercepts.^  (This  Law  will  be 
referred  to  below  under  its  more  familiar  name,  the  Law  of  Rational 
Indices.)  The  truth  of  this  law  Haiiy  himself  established  by  the 
measurement  of  a  vast  number  of  crystals,  and  it  seemed  to  carry  with 
it  the  justification  of  his  apparently  arbitrary  theory  of  their  structure. 

Fig.  1.  Fig.  2. 
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It  will,  however,  be  found  later  that  an  hypothesis  of  a  more  general 
character  leads  to  the  same  results. 

Put  concisely,  the  objections,  to  Haiiy's  conclusions  as  to  the  nature  of 
the  ultimate  particles  of  crystals  are  the  following  : — 

1.  Haiiy  has  to  suppose  that  crystal  surfaces,  apparently  plane,  are 
actually  corrugated,^  and,  if  the  same  be  admitted  with  regard  to  cleavage 
planes,  other  forms  for  the  molecules  intdgrantes  than  those  which  he 
deduces  are  possible.  It  is  easy  to  picture  a  simple  case  in  which  the 
directions  of  cleavage  would  prove  a  fallacious  guide  to  the  determina- 
tion of  the  shape  of  the  ultimate  units  of  a  body. 

Thus  suppose  that  a  number  of  equal  regular  hexagonal  prisms  of 
some  uniform  material  are  fastened  together  in  a  close  and  regular  manner 
by  a  uniform  but  weak  cement,  so  that  the  adhesion  between  the  prisms 
is  much  weakei*  than  the  cohesion  of  their  substance.     It  is,  then,  evident 

'  TraitA  de  Min6ralogie,  pp.  97  and  284.  Comp.  Bravais*  conceptions  (see  below, 
p.  306). 

*  This  law  carries  with  it  the  exclasion  of  two  of  the  five  regular  polyhedra  from 
the  forms  possible  for  crystals,  i.^.,  of  the  regular  pentagonal  dodecahedron  and  the 
iootabedron  {ibid.,  p.  80). 

'  See  bis  explanation  of  the  cccuirence  of  secondary  faces  just  refened  to  abtiVe. 
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that  they  will  most  readily  separate  along  zigzag  surfaces  whose  mean 
transverse  direction  is  that  of  normals  to  prism  faces,  e.g.y  A  A'  in  fig.  3  ; 
and,  neglecting  the  corrugation  of  these  cleavage  surfaces,  we  have  tiiree 
cleavage  directions  AA',  BB',  CC,  making  angles  of  60°  with  each  other. 
Thus  the  hexagonal  cleavage  would  result  from  a  structure  consisting  of 
hexagonal  prisms  just  as  well  as  from  one  consisting  of  triangular  prisms. 
The  fact  that  most  of  the  units  which  Haiiy  obtains,  whether  ^nolSctdes 
integrantea  or  moUcules  souatractives,  display  holohedral  symmetry 
shows  that  there  is  room  for  some  wider  conception  as  to  the  ultimate 
nature  of  the  cleavage  surfaces. 

2.  Some  of  the  figures  to  which  cleavage  leads  are  neither  parallele- 
pipeda  which  can  be  packed  together  as  moUcules  80U8tractive9i  nor  other 
figures  which  can  be  packed  together  as  molecules  integrantea.  The 
octahedral  cleavage  of  fluor  spar,  for  example,  leads  either  to  octahedra 
or  tetrahedra  not  fitting  closely  together,  but  with  spaces  between  them. 
This  incompatibility  of  the  results  of  the  partitioning  with  the  conception 
of  uniform  divisibility  into  identical  plane-faced  molecules  indicates  that 

Fig.  3. 


^ 


the  moldculea  integrantea  as  well  as  the  moUcidea  aoustraclivea  are  mere 
geometrical  abstractions  ;  indeed,  such  probably  was  the  view  of  Haiiy 
himself. 

3.  Haiiy's  method  is  not  of  universal  application,  since  in  some  crystals 
no  cleavage  planes  are  discoverable.  In  such  cases  supplementary  hypo- 
theses  become  requisite.^ 

Cleavage  is,  then,  an  uncertain  guide  to  the  determination  of  the  form 
of  the  ultimate  particles  of  crystals.  Nevertheless,  cleavage  led  to  the 
discovery  of  the  law  of  rational  indices,  and  the  conception  of  parallele- 
pipedal  units  built  up  into  a  crystalline  structure  furnishes  at  any  rate 
an  explanation  of  this  law,  and  is  in  accordance  with  most  of  the  properties 
of  crystals,  whether  it  be  derived  from  cleavage  or  not.  Haiiy's  molecules 
intSgrantea  are  even  more  suggestive,  in  the  light  of  subsequent  research, 
than  his  maUculea  aouatractives^  since  they  reduce  the  problem  of  crystal 
structure  to  a  problem  of  partitioning  space  into  similar  polyhedra  which 
are  not  necessarily  parallel.  For  example,  the  arrangement  of  triangular 
prisms  of  fig.  1,  which  is  suggested  by  cleavage  paraUel  to  the  faces  of  au 


»  HaUy,  ^ait6  dt  Minvralogie,  i.  p.  27, 
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hexagonal  prism,  contains  two  sets  of  prisms  differentlj  orientated.    This 
case  will  be  alluded  to  again  (see  p.  327). 

The  Space-lattice, 

We  next  come  upon  investigations  based  on  Haiiy's  conclusions  de- 
rived from  cleavage,  but  widely  differing  in  essential  character  from  them, 
in  which  this  property  is  found  to  take  quite  a  subordiuate  place,  and 
is  treated  merely  as  evidence  of  internal  symmetry,  the  question  of  the  shape 
of  the  ultimate  units  having  sunk  into  insignificance.  We  find,  indeed, 
that  while  Haiiy's  discovery  of  the  law  of  rational  indices  proved  to  be 
an  epoch-making  one,  his  suggestions  as  to  the  nature  of  the  ultimate 
particles,  based  on  cleavage,  came  very  soon  to  be  treated  as  merely 
diagrammatic,  and  as  expressing  more  than  is  justified  by  the  experimental 
facts. 

Without  following  Haiiy  in  his  speculations  and  arguments,  or  striking 
out  any  new  path  of  deduction  for  themselves,  Weiss  ^  and  Mohs  *  by 
their  weU  known  method  placed  in  a  far  clearer  light  the  ascertained 
facts,  not  only  those  respecting  outward  form,  but  also  the  optical  facts 
relating  to  double  refraction.  By  this  time  the  occurrence  of  many  new 
varieties  of  symmetry  had  been  recognised  both  on  morphological  and  on 
physical  evidence  ;  in  particular  the  existence  of  the  monosymmetric 
system  had  been  established,  and  attempts  were  being  made  to  classify  the 
varieties  of  crystal  forms  according  to  their  symmetry. 

To  this  period  belongs  the  remarkable  work  of  Hossel,^  an  investigation 
which,  though  published  in  1830,  remained  overlooked  until  the  year 
1891,  when  it  was  unearthed  by  Sohncke.^ 

Hessel  considered  the  general  question  of  the  possible  symmetry  of 
solid  plane-faced  figures,  and  then,  by  imposing  the  limitation  that  these 
figures  should  obey  Haiiy's  law  of  rational  indices,  deduced  the  result 
that  only  thirty-two  types  of  symmetry  are  possible  for  crystals.  This 
achievement  is  all  the  more  surprising  since,  at  the  time  when  Hessel 
wrote,  comparatively  few  of  these  thirty -two  types  had  been  discovered 
in  nature.  The  same  important  result  was  independently  rediscovered  by 
Gadolin  (1867),  to  whose  methoHs  reference  will  presently  be  made.* 

In  the  previous  year  (1866)  Viktor  von  liang,  in  his  treatise  on 
crystallography,*^  had  very  clearly  laid  down  the  principles  of  crystal 

'  'De  indagando  formarnm  crystalliDarum  charactere  geometrico  principali 
ditsertatio.*  LipsisB,  1809.  *  Uebersichtliche  Darstellang  der  verschiedenen  oatiir- 
lichen  AbtheiloDgen  der  Kiystallisationssjsteme  *  {Abhandl,  d,  Berl,  Ak,  d,  WUsen- 
Mchafty  Phys.  Klaase,  1814-15,  pp.  289-336). 

*  *  The  characters  of  the  classes,  orders,  genera,  and  species ;  or,  the  character- 
istics of  the  Natural  History  System  of  Mineralogy/  Edinburgh,  1820.  Treatise  on 
Mineralogy;  or  the  Natural  History  of  the  Mineial  Kingdom  (translated  from  the 
German),  Edinburgh,  1825. 

»  Article  'Krystall'  in  Gehler's  Physikal.  Worterluch,  1830,  v.  1023-1340.  Also 
*  Krystallometrie  oder  Krystallonomie  und  Krvstallographie.'  Leipzig,  1831,  and 
reprinted  in  2  vols,  in  Ostwa'd's  Kims,  d,  exakt.  IVifs,,  1897,  Nos.  88  and  89. 

*  *  Die  Entdeckung  des  Eintheilungsprincips  der  Krystalledurch  J.F  C.  Hessel,' 
ZeiU.fUr  Krytt.  Min.,  1890.  xviii.  486.  Comp  Groth's  translation  of  Gadolin's  work 
on  the  same  snbject,  Ostwald's  Kla$$,  d,  exakt  en  Wiss.,  No.  75,  p.  86. 

*  See  below,  p.  309. 

*  Lehrhuoh  der  Krystallographie,  Wien,  1866.  Thirty  years  later  he  shows  that 
these  dafises  may  be  obtained  on  the  principles  established  in  this  work.  Sitzungsb. 
Ah  Wien,  1896,  cv.,  II  a,  p.  362,  and  Ann.  Phys.  Chem.y  1896,  Iviij,  pp.  716-724- 
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symmetry,  and  supplied  a  metiiod  by  which  the  thirty-two  classes  might 
have  been  deduced. 

About  the  time  of  Hessel's  discovery  an  important  change  of  method 
was  introduced  by  Seeber,*  who  did  not,  like  Haiiy,  consider  the  form  of 
the  constituent  particles,  but  confined  his  attention  to  the  relative  situa- 
tions of  the  centres  of  these  particles.  According  to  him  the  molecules, 
which  he  supposes  always  to  be  arranged  to  form  a  parallelepipedal  net- 
work, are  separated  from  each  other  by  intervening  spaces.  Much  the 
same  ideas  were  shortly  afterwards  put  forward  by  Delafosse,^  who,  like 
Seeber,  regarded  crystals  as  consisting  of  molecules  regularly  arranged  in 
this  manner,  but  not  in  contact.  The  following  quotation  shows  that 
the  latter  uses  the  property  of  cleavage  merely  as  an  evidence  of  the 
existence  of  uniform  internal  symmetry  : — 

*  Indeed,  from  the  possibility  of  a  cleavage  in  one  particular  plane 
direction,  we  can  only  conclude  that  the  molecules  of  the  crystal,  con- 
sidered as  material  points,  are  distributed  on  a  series  of  parallel  planes  ; 
if  there  are  two  more  cleavages  in  two  new  directions  we  deduce,  as  a 
probable  consequence,  that  the  molecules  must  be  situated  in  a  uniform 
and  symmetrical  manner,  having  their  centres  of  gravity  at  the  points  of 
intersection  of  these  series  of  parallel  j^lanes,  and  thus  present  .  .  .  the 
picture  of  a  lattice  with  parallel  figured  meshes.  The  molecules  make  up, 
indifferent  directions,  rectilinear  and  parallel  threads,  in  each  of  which  their 
centres  of  gravity  are  equidistant.  Those  threads  on  the  same  plane  are 
at  equal  distances  from  one  another.  .  .  .  What  Haiiy  considers  as  the 
dimensions  of  this  hypothetical  molecule  are  nothing  more  than  the  inter- 
vals which  separate  the  real  molecules  in  the  directions  of  the  edges  or 
axes  of  the  primitive  form.'  ^ 

Wollaston  ^  while,  like  Hooke,  suggesting  the  presence  of  spherical 
molecules,  had  already  remarked  that,  in  place  of  the  spheres,  mathe- 
matical points  endowed  with  forcas  of  attraction  and  repulsion  can  be 
postulate ;  Brewster,^  Dana,^  and  Forster  ^  employed  very  similar 
conceptions. 

We  see,  then,  that  while  speculations  as  to  the  forms  of  the  ultimate 
particles  are  soon  lost  sight  of,  the  geometrical  idea  which  survives  and  is 
held  in  common  by  various  investigators  is  that  crystal  structure  consists 
in  the  similar  repetition  througliout  space  0/ identical  units  without  regard 
to  their  shape  or  constitution.  The  question  of  the  form  of  the  ultimate 
units  of  crystals,  however  interesting,  has  no  essential  place  in  a  general 
investigation  which  seeks  to  discover  the  various  ways  in  which  ultimate 
parts  may  be  uniformly  repeated,  i.e.,  an  inquiry  into  the  various  types  of 
homogeneous  structure.  The  purely  geometrical  investigation  is  one 
which  takes  no  account  of  the  nature  of  the  physical  and  chemical 
characters  of  crystals,  but  nevertheless  it  is  one  of  the  greatest  import- 
ance even  from  the  physical  and  chemical  point  of  ^new,  as  will  be  seen 
subsequently. 

>  *yersuch  eiper  Erkl^ung  des  innern  Banes  der  festen  Eorper'in  Gilbert's 
AnnaUn  der  Physik,  1824,  Ixxvi.  pp.  229-248. 

^  *  Recherches  sur  la  cristalliEation  consid^r^e  sous  les  rapports  physiques  et 
math^matiques/  Mem.  priienUes  par  divers  savants  a  VAoad6nt,  Roy,  4e  Sciene.  de 
rinst,  de  France,  1843,  viii.  pp.  641-690. 

«  md.,  p  649. 

*  PHI.  Trans.,  1813.  pp.  61-63.  »  Ihid.,  1830,  pp.  87^96. 

«  SiUiman*s  American  Jmtrnalt  1836,  Series  1,  xzx.  pp.  275,  2^6, 

'  FAU.  Uafj,,  1855,  Series  4,  z.  pp.  1C(8-115, 
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The  general  problem  of  the  symmetrical  space  arrangements  available 
for  crystals  was  at  first  supposed  to  be  a  comparatively  simple  one. 
Sohncke  remarks  ^  that  all  the  various  extensions  of  Haiiy's  theory  put 
forward  by  the  writers  above  referred  to  led  to  the  same  conclusion,  viz., 
that  the  arrangement  of  the  middle  points  of  the  crystal  elements  is  that 
of  a  parallellepipedal  network  or  'space-lattice'  (Raumgitter),'  such  as 
that  shown  in  fig.  4. 

In  this  simple  guise  the  problem  was  dealt  with  exhaustively  by 
M.  L.  Frankenheim,  who  investigated  the  different  kinds  of  parallelepi- 
pedal  networks  of  points  (Raumgitter)  possible  in  order  to  ascertain 
whether  these  correspond  to  the  various  types  of  symmetry  presented  by 
crystals.^  He  did  not,  however,  at  first  furnish  any  rigid  proof,  and  his 
classification  of  the  various  kinds  of  symmetry  presented  is  not  perfectly 
satisfactory  :  he  described  fifteen  forms  as  distinct  from  each  other,  whereas 
in  fact  there  are  but  fourteen,  as  was  afterwards  shown  by  Bravais.  He 
states  explicitly  that  the  inquiry  is  founded  solely  on  the  symmetrical 
arrangement  in  space  of  the  ultimate  particles,  and  is  not  based  on  con- 
siderations of  the  magnitude  or  the  shape  of  these  particles,  be  they 

Fig.  4. 
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plane-faced  like  small  crystals  or  rounded  ;  solid  spheres  or  hollow  com* 
pressible  shells  ;  or,  indeed,  mere  centres  of  force.  For  the  purpose  of 
comparison  with  the  fifteen  geometrical  systems  of  points  which  he  has 
discriminated  he  classifies  crystals  into  fifteen  systems  by  taking  note  of 
differences  in  cleavage  direction  as  well  as  of  differences  of  crystal  form. 

The  obvious  objection  to  Frankenheim's  treatment  of  the  subject  is 
that  unless  some  appropriate  configuration  be  attributed  to  the  particles — 
and  this  he  expressly  disclaims — no  hemihedral  or  hemimorphous  forms 
are  accounted  for  ;  and  yet,  as  pointed  out  by  Delafosse,  there  is  no  more 
justification  for  regarding  these  forms  as  subsidiary  than  for  so  regarding 
the  holohedral  forms. 

But  none  the  less  the  solution  of  the  problem  of  the  possible  varieties 
of  space  lattices,  and  the  establishment  of  the  fact  that  in  their  symmetry 
they  correspond  to  the  systems  of  crystals,  marks  a  very  important  advance 
in  the  theory  of  crystal  structure. 

'  Sohncke,  JBntwickelung  einer  Tksorie  der  KryHaltitfuHuf,  p.  17. 
•  See  above,  p.  304. 

'  Die  Lehre  von  der  Cohation,  Breslati,  1835  ,*  also  '  System  der  Crystalle  *  in 
yova  Acta  Aead.  Ctei.  Zeopoldino- Cktrolirup  Nat.  Cur.,  1842,  xix«  (2),  pp.  471-660. 
1901  X 
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Bravaiig 

A  few  years  later,  Frankenheim's  geometrical  investigation  was  sup^ 
plied  with  rigid  proofs  the  elegance  and  clearness  of  which  have  excited 
much  admiration.  These  proofs  were  the  work  of  Auguste  Bravais,^  who, 
moreover,  enlarged  the  scope  of  the  inquiry,  and,  not  confining  himself  to 
ascertaining  the  possible  varieties  of  parallelepipedal  arrangement  of  the 
centres  of  the  ultimate  units,  proceeded  to  determine  the  further  varieties 
of  symmetry  which  can  be  discriminated  by  taking  into  account  tho 
individual  symmetry  of  these  units,  t.e.,  of  the  h3rpothetical  atomic  group- 
ings to  which  attention  had  previously  been  directed  by  Delafosse.  His 
work  constitutes  the  first  attempt  to  make  a  rigid  exhaustive  investigation 
of  all  the  different  types  or  varieties  of  symmetry  obtainable  by  arranging 
similar  bodies  or  units  in  space,  in  a  perfectly  uniform  manner  in  every 
possible  way. 

Basing  his  arguments  on  the  homologous  nature  of  parallel  lines  in  a 
crystal,  and  the  consequent  possibility  of  distinguishing  in  it  space-units 
which  are  all  alike  and  all  similarly  situated,  and  similarly  orieTUated^* 
Bravais,  like  Haiiy,  regards  every  crystal  as  made  up  of  similar  poly- 
hedral units  or  molecules  *  thus  placed,  and  puts  forward  what  purports 
to  be  a  perfectly  general  treatment  of  the  subject,  independent  of  any  hypo- 
thesis as  to  the  actual  nature  of  the  polyhedral  units.  He  makes,  however, 
the  necessary  assumption  that  these  units  have  a  sufficiently  symmetrical 
shape  or  configuration  to  be  compatible  with  the  general  symmetry  of  the 
system  which  they  constitute.  For  example,  tetrahedral  particles  placed 
to  form  a  cubical  space-lattice  and  appropriately  orientated  will  present 
a  type  of  symmetry  belonging  to  the  regular  system,  but  particles  whose 
figure  is  a  hexagonal  prism  cannot  be  thus  arranged  to  belong  to.  this 
system.  As  a  secondary  matter,  adopting  the  suggestion  of  Delafosse,  he 
regards  each  polyhedron  as  an  actual  crystal  molecule  made  up  of  con- 
stituent atoms.  It  may  be  noted  that  this  supposition  implies  a  more 
intimate  relation  between  the  homologous  parts  of  the  same  unit  (poly- 
edre)  than  subsists  between  the  homologous  parts  of  contiguous  units, 
whereas  Haiiy's  theory  only  really  requires  that  the  mass  shall  be 
geometrically  divisible  into  similar  and  similarly  orientated  units  (mole- 
cules soustractives)  which  may  or  may  not  be  physical  molecules.  In 
fig.  2,  for  example,  the  cell  ABCD  may  represent  a  molecule,  or  the 
molecules  may  be  supposed  to  be  situated  at  the  points  A,  B,  C,  D. 

Bravais  then  discriminates  between  the  symmetry  due  to  the  arrange- 
Dnent  of  the  centres  in  a  set  of  similar  bodies,  or  crystal  molecules,  having 
a  uniform  disposition  and  orientation,  and  the  individual  symmetry  of  the 
bodies  or  molecules,  and  traces  the  influence  of  the  latter  on  the  symmetry 
of  the  assemblage.     Thus  he  discusses  separately  : — 

1.  The  variety  of  types  of  homogeneous  'assemblages'  possible,  an 
ckssemblage  consisting  of  mathematical  points  each  of  which  is  surrounded 
identically  by  the  assemblage  as  a  whole  supposed  infinitely  extended, 
and  this  identity  extending  to  the  relative  orientation.^ 

*  Bravais'  first  step  was  to  consider  the  regular  disposition  of  similar  points  on  a 
plane,  an  inqniry  to  which  he  was  led  by  observing  the  regnlar  arrangement  of 
similar  parts  in  plants  {Compt,  Rmd.,  1848,  xxvii.  pp.  601-604). 

, '  *  M6moire  snr  les  syst^mes  form6s  par  des  points  distribuds  r^gnKdrement  sur 

nn  plan  on  dans  Tespace/  Joum,  da  VEcgle  Poly  tech.,  Paris,  1850,  xix.  p.  127 ;  also 

'  Etudes  Cristallographiques.'  Journ.  de  VEooU  Polyteoh.,  Paris,  1861|  xx«  pp.  102  and 

97.  •  Corresponding  to  the  moUcule$  totatraotives  of  Hatty*  *  V/>  p.  310. 
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The  assemblage  of  Bravais  is  therefore  clearly  identical  with  the 
parallelepipedal  network  of  points  already  referred  to,  which  had  been 
investigated  by  Frankenheim.^ 

2.  The  modifications  of  these  types  of  symmetry  which  are  introduced 
by  employing,  in  place  of  the  points,  symmetrical  figures  (polyMres) 
possessing  a  symmetry  less  than  that  of  the  parallelepipedal  network,^ 
though  compatible  with  it — 0.^.,  by  forming  a  cubio  network  of  tetrahedrai 
particles  similarly  and  appropriately  orientated. 

Thus  in  following  Bravais'  arguments  with  regard  to  assemblages  we 
note  that,  as  a  rule,  he  ignores  for  the  moment  any  modifying  or  destruc* 
tive  effect  exerted  by  the  shape  of  the  units  {polykdrea)  on  the  elements 
of  symmetry.^  He  first  treats  a  system  as  consisting  only  of  the  centrea 
of  the  units,  and  after  the  elements  of  symmetry  of  the  system  thus  re- 
garded have  been  established,  he  considers  the  effect  of  the  shape  of  the 
units ;  ^  this  comes  out  in  his  definition  of  '  faces  de  m^me  esp^/  He 
says  :  '  We  will  distinguish  by  the  term,  faces  of  the  same  kind,  as  we 
have  done  in  the  theory  of  assemblages,  those  which  can  be  brought  into 
coincidence,  row  on  row,  by  a  suitable  rotation  or  translation,  the  coin- 
cidence of  the  faces  including  with  it  that  of  the  assemblages.  If,  more- 
over, the  coincidence  includes  also  that  of  the  molecular  polyhedra 
which  may  be  supposed  to  lie  on  the  planes  of  those  faces  and  to  par- 
ticipate in  their  movements,  we  may  say  that  the  faces  are  of  the  same 
kind,  and,  moreover,  identical.'*  The  bodies  employed  as  units  have 
in  every  case  uniform  orientation  and  one  which  is  as  symmetrical  as 
possible. 

As  to  the  number  of  kinds  of  symmetrical  arrangement  possible 
included  under  the  first  head,  he  says :  *  The  degree  of  symmetry  of 
an  assemblage  is  characterised  by  the  number  of  the  axes  of  symmetry 
which  it  possesses,  the  order  of  the  symmetry  of  these  axes  and  their 
relative  situation.'  ^  As  stated  above,  he  distinguishes  fourteen  forms, 
and  assigns  these  to  seven  classes  or  systems,  according  to  the  number 
and  nature  of  the  axes  of  symmetry  which  pass  through  a  given  node 
(nceud)  or  point  of  the  space-lattice.^  The  anorthic  space-lattice  of 
fig.  4  possesses  only  centro-symmetry ;  if  its  angles  were  all  right 
angles  it  would  possess  the  symmetry  of  the  ortho-rhombic  system  ; 
if,  in  addition,  its  edges  were  equal  it  would  be  a  cubic  lattice.  The 
similar  bodies  are  called  by  Bravais  in  his  later  work  polyhedra 
(polj/edreg) ;  in  his  earlier  work  on  point-systems  he  speaks  of  them  as 
summits  {sommets)^  and  suggests  that  for  convenience  of  thought  they  be 
regarded  as  having  some  small  dimensions.  Their  size  and  shape  are, 
however,  in  this  work  generally  kept  in  abeyance,  although,  before 
concluding,  he  refers  to  the  important  effects  of  their  shape  or  composite 
structure  in  producing  hemihedral  and  other  partial  forms.®  Indeed, 
according  to  Bravais'  view,  the  symmetry  of  the  assemblage  is  actually 
determined  by  that  of  the  molecule  or  unit.^ 

»  Etudes  Crittallograpkiques,  p.  108.  •  Ihid.t  p.  104.  •  IHd.,  p.  103. 

*  This  method  has  been  poshed  to  its  extreme  by  Wolff  and  Blasios.  Comp. 
Sohonflies,  KryitaUtytteme  u,  KrygtallttructUTj  p.  320. 

*  tittuUe  VristaUographiquei,  p.  106.  •  IHd.^  p.  104. 
'  Compt.  Rend,,  \%A»,  zxiz  p.  136. 

*  Jhid,,  1848,  xxvil.  p.  603.  Comp.  Joum,  de  VmoU  Polyteohniqm  1850,  xix.  p. 
127 ;  and  £tude$  CristaUographiquei,  p.  103. 

*  £tude$  Cristalhgrapkigveit  p.  202, 
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The  definite  character  of  the  arrangement  of  the  paHs  in  the  indiviclaal 
unit  he  expresses  thus  :  *  The  geometrical  arrangement  of  the  constituent 
atoms  is  the  same  round  the  centre  of  gravity  of  each  molecule.'  He 
adds  :  'This  last  hypothesis  is  necessary  for  the  explanation  of  the 
phenomena  of  isomerism.'  *  As  a  result  of  the  rigidity,  or  fixed  relation- 
ship, which  Bravais  attributes  to  the  parts  of  his.  molecule,  the  arranging 
process  of  crystallisation  is  regarded  by  him  as  partly  consisting  in  the 
rotation  of  the  molecules  in  such  a  way  as  to  bring  about  their  uniform 
orientation.^ 

In  his  study  of  homogeneous  assemblages  of  points  Bravais  used  the 
mathematical  conception  of  a  coincidence  movement  (the  Deckbetvegunff 
of  German  authors),  which  is  now  so  universally  employed  in  studying 
the  symmetry  of  a  system  of  points.  He  supposes  each  point  of  a 
plane  of  points  to  consist  of  two  which  coincide,  and  then  regards  one 
set  of  points  as  movable,  the  other  set  as  fixed.  A  movement  of  the 
former  set  which  brin^  it  to  coincidence  with  the  latter,  point  by  point, 
but  which  shifts  the  position  of  some  or  all  of  the  movable  points,  is  a 
coincidence  movement.^  His  method  practically  consists  of  a  study  of  the 
possible  varieties  of  axes  of  symmetry  and  the  possible  ways  in  which  they 
can  exist  in  a  system  whose  various  parts  can  be  derived  from  each  other 
by  movements  of  translation. 

The  parallelepipedal  nature  of  the  assemblage  results  from  the  fact 
that  it  possesses  movements  of  translation  as  one  sort  of  coincidence 
movements  ;  the  classification  of  assemblages  according  to  their  symmetry 
is  effected  by  considering  the  various  ways  in  which  their  parts  may  be 
derived  from  each  other  by  a  second  sort  of  coincidence  movement — 
rotation  about  axes  of  two-,  three-,  four-,  or  six-fold  symmetry,  which 
alone  are  possible  in  such  an  assemblage. 

The  most  general  form  of  coincidence  movement  is  a  screw  spiral,^ 
but  such  a  movement  is  not  employed  by  Bravais,  and,  indeed,  had  not 
been  introduced  at  this  period. 

Bravais,^  like  Haiiy,  Delafosse,  and  Frankenheim,  attempts  to  make 
cleavage  throw  light  on  the  nature  of  the  internal  symmetry  prevailing 
in  certain  crystals,^  and  thus  to  assign  particular  crystals  to  a  precise  type 
of  internal  symmetry.  Having  proved  that  in  the  space-lattice  some 
planes  of  points  are  more  densely  packed  with  points  than  others,  and  are 
at  the  ^ame  time  more  widely  separated  from  the  adjacent  parallel  planes, 
Bravais  shows  how  the  relative  density  of  the  planes  may  be  calculated. 
He  then  suggests  that  there  is  a  connection  between  the  relative  density 
of  aggregation  of  the  centres  in  the  different  planes  drawn  in  various 
directions,  and  the  predisposition  manifested  in  crystals  to  select  certain 
plane  directions  for  their  boundaries. 

A  purely  mathematical  investigation  in  taking  accouLt  of  all  possible 
types  of  internal  symmetry  naturally  does  not  indicate  why  one  type 
should  be  more  prevalent  than  another.  To  determine  this  point  is 
difficult ;  indeed,  it  will  probably  be  impossible  till  the  types  of  internal 

»  &udes  CristaZlograpIiiqjies,  p.  101.  For  a  suggestion  that  the  poles  of  force  to 
which  polarity  is  due  a>e  the  constituent  atoms  dednitely  placed  with  respect  to  one 
another  see  ibid.y  p.  194.  «  Ibid.,  p.  197. 

»  Joum.  de  I'^cole  Polytechnique,  1850,  xix.  pp.  8,  26,  32,  57,  98.  Cf,  Sohncke*8 
definition  of  *  Deckung'  in  JCntwickelang  einer  Tkeorie  der  Kryitall^uotur,  p.  28. 

*  See  below,  p.  311. 

*  Etudei  CrUtallographiqueit  p.  202.  *  Ihid,^  p.  167* 


Digitized  by 


Google 


ON  THE  STRUCTURE  OF  CRYSTALS.  309 

flymmetry  to  which  particular  crystals  helong  can  be  ascertained  with 
more  certainty  than  at  present.  Some  generalisations  on  the  subject  were, 
however,  put  forward  by  Bravais,^  which,  though  evidently  not  intended 
to  form  part  of  his  rigid  argument,  being  indeed  little  more  than  specula- 
tion, are  interesting  and  suggestive.  Thus  he  says  :  '  We  can  imagine 
from  what  precedes  how  the  structure  of  the  molecular  polyhedron  reacts 
on  that  of  the  crystal  and  determines  the  choice  of  the  system  ...  we 
may  conclude  that  the  molecular  polyhedron  is  symmetrical,  and  that  its 
elements  of  symmetry,  tending  to  pass  to  the  corresponding  assemblage, 
determine  tJie  structure  of  it.'  ^ 

With  Bravais'  exhaustive  study  of  the  properties  of  the  space-lattice 
a  very  important  chapter  in  the  history  of  the  theories  of  crystal  structure 
is  <^losed.  Those  who  hold  that  the  oeolotropic  homogeneity  and  symmetry 
of  a  crystal  are  only  to  be  accounted  for  by  a  uniform  distribution  of 
sameway-orientated  molecules  or  molecular  groups  must  always  take 
their  stand  upon  the  work  of  Bravais.  Further,  the  knowledge  of  the 
properties  of  the  space*  lattice  first  provides  a  single  principle  capable  of 
explaining  at  the  same  time  the  law  of  rational  indices,  the  homogeneity 
of  a  crystal  and  the  main  features  of  crystalline  symmetry  ;  for  not  only 
are  the  fourteen  lattices  all  homogeneous,  and  their  planes  a  system  of 
crystalline  planes,  but  each  of  them  presents  the  symmetry  characteristic 
of  one  of  the  crystal  systems. 

It  must,  however,  be  remarked  that  systems  of  symmetrical  repetition 
exist  which  obey  the  law  of  rational  indices,  and  are  therefore  possible 
for  crystals,  but  to  whose  elucidation  the  method  of  Bravais  does  not 
apply.  One  of  these  systems  is  described  later  (p.  314,  ^g,  5),  and,  as 
will  be  seen,  some  of  his  conclusions  are  inapplicable  to  types  of  this 
nature. 

The  name  of  Axel  Gadolin  ^  is  pre-eminently  associated  with  the  very 
important  work  of  deducing  the  existence  of  thirty-two  types  of  crystal 
symmetry  from  the  law  of  rational  indices  alone,  although,  as  already 
remarked,  the  discovery  of  these  types  had  been  achieved  by  Hessel  many 
years  before.^  The  arguments  used  by  Gadolin,  and,  indeed,  those  of 
Hessel  also,  purport  to  deal  only  with  the  external  form,  and  thus  their 
bearing  oii  crystal  structure  is  hot  direct.  Nevertheless  the  great  import- 
ance of  the  work  in  question  as  corroborative  evidence  of  the  existence  of 
a  molecular  structure  will  be  perceived  when  it  is  seen,  as  will  be  shown 
presently,  that,  whatever  view  be  held  with  regard  to  the  structure  of  a 
crystal,  the  space-lattice,  and  therefore  also  the  rationality  of  indices, 
must  form  the  basis  of  the  structure  ;  indeed,  the  discovery  of  the  latter 
was  the  immediate  outcome  of  Haiiy's  concept  of  a  uniformly  repeated 
molecular  structure  in  crystals.  Gadolin  himself  points  out  that  his  proof 
fails  to  be  quite  general  on  account  of  a  certain  peculiar  case  of  pseudo- 
trigonal  symmetry,^  which  has  subsequently  been  the  subject  of  much  dis- 
cussion.^   It  has  been  held  that  for  this  reason  we  are  driven  to  base  the 


'  jStudes  CrigtaUagrap7iique$y  p.  203.  *  IHd.,  pp.  203,  204. 

'  '  M^moire  sor  la  dedaction  d*un  8eul  principe  de  tous  les  Fystdmes  cristallo* 
grapbiques  svec  leur  subdivisions/  Acta  Soc,  Scient.  Ftninica,  1867,  vol.  ix.  pp.  1-71, 
and  separately,  Helsingfors,  1871,  translated  by  Groth  in  Ostwald's  Klastiker  der 
exakten  Wisseiuchaftenj  No.  75. 

*  See  above,  p.  303.  »  *  M6moire  sar  la  dfiduction,'  &c.,  p.  60. 

•  Hecht,  Nachr.  d.  K.  Get,  d.  Wi$s,  Gottingen,  1892,  pp.  239-247 ;  Ncue$  Jahrh., 
J896  (3),  pp.  248-252 ;  Fpdorow,  ^i$.  Krygt.  Min.,  189P,  vol.  xxiv.pp.  244  and  60T 
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deduction  of  the  thirty-two  clagses  directly  on  the  existence  of  a  homogeneous 
molecular  structure  and  not  upon  morphological  considerations  alone. 
Yet  it  must  be  confessed  that  the  various  possible  types  of  crystal  sym- 
metry were  clearly  and  completely  laid  down  by  the  morphologists  without 
any  further  speculation  regarding  structure  thaoi  is  necessitate  by  Haiiy's 
law,  and  that  every  successive  advance  in  the  structure  theories  has  been 
guided  or  corrected  by  the  knowledge  so  obtained. 

The  Principle  of  Symmetrical  Bepetition  in  Space, 
Shortly  after  the  publication  by  Bravais  of  his  elaborate  and  elegant 
work,  a  new  departure  was  made  in  the  elucidation  of  homogeneity  of 
structure,  the  importance  of  which  can  scarcely  be  overrated. 

The  first  step  was  taken  by  Chr.  Wiener,*  who  laid  down  the  principle 
that  regularity  in  the  arrangement  of  identical  atoms  is  presented  when 
every  atom  has  the  remaining  atoms  arranged  about  it  in  the  same 
manner  ;  ^  thus  making  homogeneity  depend  primarily  on  the  continual 
repetition  throughout  space  of  the  same  relation  between  an  element  and 
the  entire  structure,  regarded  as  unlimited,  instead  of  laying  stress  on 
sameway  orientation.'  The  principle  adopted  by  Wiener,  when  employed 
in  all  its  generality,  leads  to  an  adequate  classification,  according  to  their 
symmetry,  of  all  cases  of  identical  repetition  throughout  space  whatever.^ 
The  possibility  of  partitioning  a  homogeneous  structure  into  similar 
sameway-orientated  parts  whose  centres  form  a  parallelepipedal  lattice  ^ 
must  always  be  the  important  property  which  enables  us  to  trace  to  its 
source  Haiiy's  great  law  of  the  rationality  of  indices  ;  but  this  possibility 
is  only  a  collateral  fact  when  Wiener's  principle  is  discussed  ;  indeed,  the 
carrying  out  of  such  a  partitioning,  while  always  possible,®  often  compli- 
cates instead  of  simplifying  matters  so  far  as  the  symmetry  is  concerned.^ 
The  problem  to  be  solved,  presented  in  its  most  general  form,  is  not  even 
to  find  under  what  conditions  the  separation  of  the  structure  into  similar 
composite  units  of  any  sort  can  take  place,  but  simply  the  analysis  of  the 
nature  of  the  repetition  in  space  of  the  similar  parts. 

Jordan, 

Although  Wiener  made  some  interesting  applications  of  his  principle 
and  described  several  kinds  of  symmetrical  repetition  in  space  which  are 
examples  of  it,  he  did  not  deal  with  the  subject  exhaustively  ;  the  solution 
of  the  general  problem  was  effected  by  CamiUe  Jordan  in  a  memoir  the 
title  of  which  contains  no  reference  to  homogeneity  or  to  crystals.^  This 
mathematician  has  furnished  a  perfectly  general  method  of  defining  the 
regular  repetition  in  space  of  identical  parts,  and  has  shown  that  the  typical 
cases  of  such  repetition  are  limited  in  number.     He  points  out  that,  when 

Viola,  ibid,,  1896,  vol.  xxvi.  p.  128,  and  1897,  xxvii.  pp.  399-406 ;  De  Souaa-Rrandao. 
^rits.  Kryst,  Min,,  1894,  vol.  xxiii.  pp.  249-268,  and  1897,  vol.  xxvii.  pp.  646.655 ; 
Barlow,  PhiL  Mag.,,  1901,  series  6,  vol.  i.  p.  8. 

*  Die  €hrundziige  der  Weltordnung,  Leipzig  and  Heidelberg,  1869. 

*  '  Die  Begelmasbigkeit  findet  dann  statt,  wenn  jedes  Atom  die  anderen  Atome  in 
iibereinstiromender  Weise  nm  sich  gestellt  hat,'  iMd.,  p.  82. 

»  Of.  Min,  Mag.,  1896,  vol.  xi.  p.  119  *  See  below,  p.  321. 

*  Sohncke's  Entniekelnng  einer  T?ieorie  der  Xrystalhttrvktur,  p.  207. 

*  KrygtalUygteme  und  KryitaXlitruetur,  p.  360.  Corop.  PhU,  Mag.^  1901,  series  6, 
vol.  i.  p.  19.  '  Ck>iDp.  Min,  Mag.,,  1896,  vol.  zi.  p.  126. 

*  *M6moire  snr  les  Gronpes  de  Monvements.'  Awnali  di  tnateniatica  fura  cd 
a^lieata,  Milano,  1869|  series  ^^  vol.  ii.  pp,  167  S]5,  32^-345. 
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identical  repetition  of  its  parts  is  exhibited  by  any  mechanical  or  geo- 
metrical rigid  system,  this  system  being,  in  some  of  the  cases,  supposed 
infinitely  extended  in  every  direction,  a  certain  definite  series  or  group  of 
correlated  movements  may  be  employed,  each  term  of  which  is  a  movement 
of  such  a  nature  that,  while  the  system  is  actually  shifted  by  it,  the  appear- 
ance after  the  movement  has  taken  place  is  absolutely  unchanged,  every 
point  moved  being  caused  to  travel  to  the  place  previously  occupied  ^by 
some  homologous  point. ^  The  fundamental  condition  that  such  a  group 
of  movements  may  exist  is  that  homologous  parts  everywhere  bear  an 
identical  relation  to  the  system  as  a  whole ;  the  members  of  the  group 
are  so  related  that  every  individual  movement  may  be  regarded  as  the 
resultant  of  some  two  or  more  movements  also  belonging  to  the  group.^ 

While  it  is  always  found  possible  to  partition  any  system  of  this  kind, 
in  which  the  repetitions  are  continually  repeated  in  every  direction,  in 
such  a  way  that  the  units  obtained  are  all  alike  and  sameway-orientated^ 
CL8  in  Bravais*  systems,^  the  latter  property  is,  as  has  been  said,  but  a 
secondary  one,  and  not  of  the  nature  of  a  definition,  the  condition  stated 
above  constituting  a  definition  complete  in  itself.  A  homogeneous  struc- 
ture can  thus  be  classed  according  to  the  type  of  the  infinite  group  of 
coincidence  movements  which  connect  all  its  homologous  parts. 

The  obvious  advantage  of  this  method  of  dealing  with  homogeneity  is 
its  complete  generality — that  it  requires  no  further  limitation  of  the 
nature  of  the  homogeneous  structure  than  that  which  prescribes  the  kind 
of  repetition  presented  by  its  homologous  parts.^  Thus  if  molecules  of  a 
certain  individual  S3anmetry  with  a  relative  space-lattice  arrangement  of 
some  kind  are  postulated,  after  the  manner  of  Bravais  and  others,  Jordan's 
method,  unlike  Bravais',  deals  in  one  process  both  with  the  symmetry  of 
the  individual,  so  far  as  this  affects  the  general  symmetry,  and  also  with 
the  symmetry  of  arrangement.  All  possible  molecular  theories  of  crystals 
can  alike  be  subjected  to  Jordan's  method,  and  it  is  independent  of 
them  all. 

The  following  is  the  course  of  Jordan's  argument : — After  reminding 
his  readers  that  every  movement  of  a  solid  body  in  space  can  be  regarded 
as  a  screw-spiral  movement,  he  remarks  that  such  a  movement  is  fully 
known  when  we  are  given — 

1.  The  situation  in  space  of  the  axis  of  rotation  A,  which  has  also  the 
direction  of  translation. 

2.  The  angle  T,  through  which  the  solid  is  turned  about  the  axis. 

3.  The  longitudinal  displacement  t,  to  which  the  body  is  subjected  in 
the  direction  of  the  axis. 

He  then  observes  that  the  displacement  produced  by  two  or  more 
such  movements  made  successively  can  also  be  produced  by  a  single  screw- 
spiral  movement  of  some  kind  ;  and  the  resultant  of  a  number  of  move- 
ments successively  made  can  be  definitely  expressed  in  the  terms  just  laid 
down  if  the  expressions  for  the  component  movements  are  known. 

Jordan  next  proceeds  to  point  out  that,  a  few  movements  being  given, 
it  is  possible  to  arrive  at  all  the  various  movements  or  displacements 

*  For  a  definition  of  a  coincidence  movement  see  Sohncke^s  EntwicJtelung  einei 
Theorie  der  KrygtaJUtnikt'ur^  p.  28,  or  Min,  Mag.y  1896,  vol.  xi.  p.  125,  note  3.  Comp. 
Schdcflles,  KryttdlUygteme  nnd  KrystaUstructur^  p.  64. 

'  Schonflies,  KryttalUygteme  nnd  Krygtalhtruoiurt  pp.  256  and  359. 

•  See  above,  p.  306. 

♦  (y,  Schonflies,  Kryttalltyiteme  nnd  Kryttalhtructur,  p.  44,  par.  3. 
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obtainable  by  combining  these  given  movements  executed  successively  any 
number  of  times  in  any  order  whatever.  Of  groups  of  movements  arrivea 
at  in  this  way,  some  are  of  a  finite  character,  and  some  contain  movements 
infinitely  small ;  the  remaining  kind — those  which  consist  of  movements 
whose  loci  extend  infinitely  throughout  space  in  every  direction,  and 
which  are  none  of  them  infinitely  small  as  compared  with  the  others — 
comprise,  as  was  subsequently  perceived,^  all  those  that  are  available  for 
th6  production  or  definition  of  homogeneous  structures  which  display  the 
symmetry  of  crystals.^ 

The  movements  belonging  to  an  infinite  group  of  movements,  like  any 
individual  movement,  can  be  completely  defined  by  reference  to  certain 
axes  of  rotation  and  directions  of  translation ;  but  for  the  sake  of  per- 
spicuity it  is  desirable  to  place  a  number  of  similar  particles  or  bodies  in 
all  the  positions,  throughout  some  considerable  space,  to  which  one  of 
them  would  be  moved  by  the  various  movements  constituting  the  group. 
When  this  is  done  the  kind  of  symmetry  presented  by  the  system  formed 
of  the  group  of  movements  can  be  readily  perceived,^  and  at  the  same 
time  the  nature  of  the  parts  repeated  can  be  left  an  open  question. 

If  it  be  desired  by  the  crystallographer  to  find  in  a  given  homogeneous 
system  a  complete  set  of  identical  planes  by  means  of  the  group  of  move- 
ments proper  to  the  system,  the  following  course  may  be  adopted. 

Take  three  points — A,  B,  C — whose  identical  relation  to  the  system 
is  such  that  the  aspect  of  the  unlimited  structure  is  the  same  andpreMents 
tits  same  orientation  viewed  from  each  of  them,  and  let  their  distances 
apart  be  not  great  as  compared  with  the  minimum  distances  separating 
homologous  parts  of  the  structure.  The  repeated  carrying  out  of  the 
three  translations — AB,  BC,  CA  in  both  directions — will  locate  an  infini- 
tude of  points  lying  in  the  plane  of  the  three  points,  and  all  having 
precisely  the  same  relation  to  the  structure  as  that  presented  for  the  latter. 
This  plane  may  therefore  be  designated  a  homogeneous  plane,*  and  since 
the  translations  of  the  structure  are  not  infinitesimal,  it  is  easy  to  prove 
that  a  plane  so  situated  will  obey  the  law  of  the  rationality  of  indices 
when  referred  to  axes  which  pass  through  strings  of  identical  points.^ 
When  such  a  plane  is  subjected  to  the  various  coincidence-movements 
constituting  the  group  characteristic  of  the  structure,  an  infinite  set  of 
planes  is  foujid,  which  all  have  an  identical  relation  to  the  structure. 
The  number  of  different  orientations  presented  by  the  planes  is  limited. 

Sohncke, 

The  treatment  of  homogeneity  of  structure  by  Jordan's  method  leads 
to  a  classification  which  discriminates  the  various  types  of  identical 

"  See  below,  p.  315.  Cf.  KryttalUysteme  u,  Kryttdllitr^etur,  pp.  360  and  636  ; 
also  see  above,  note  3,  p.  298. 

*  It  is  interesting  to  notice  that  Jordan  does  not  appear  to  have  regarded  his 
work  as  throwing  any  fresh  light  on  crystal  stmctnre,  but  treats  Bravais'  work  as 
complete  in  this  direction.  He  says:  'M.  Bravais  bas  studied  tbis  question;  the 
particular  oases  which  he  has  diffcnsscd,  and  of  which  he  has  made  a  remarkable 
application  to  crystallography,  are  the  most  important.  Nevertheless  I  believe 
there  is  at  the  present  time  some  interest  in  treating  the  problem  quite  generally.' 
(MSmoire  $ur  le$  Oroupei  de  Mouvementi,  p.  168.) 

*  See  Mm.  Mag,,  1896,  xi.  p.  119,  and  see  below,  p.  338. 
«  See  Phil  Mag.,  1901,  series  6,  i.  p.  19. 

*  The  hypothesis  with  regard  to  crystals  is  that  their  faces  lie  in  homogeneous 
planes.    See  Bravais,  Etudes  OryttaUographigues,  p.  103. 
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repetition  of  posiible  parts,  each  type  having  its  own  characteristic  group 
of  coincidence- movements.  Jordan,  however,  left  his  work  incomplete 
and  omitted  many  of  the  types,  which  were  subsequently  discovered  by 
tiohncke,  to  whom  reference  must  next  be  made. 

The  important  bearing  of  Joixlan's  work  on  crystal  structure  seems  co 
have  been  entirely  overlooked  until  the  publication  of  the  widely  influential 
works  of  Leon  hard  Sohncke.^  This  writer,  employing  Wiener's  principle  ^ 
and  using  Jordan's  method  to  discover  what  variety  of  types  of  symmetry 
can  exist  in  systems  produced  by  the  identical  repetition  of  finite  parts  or 
atoms  ^  throughout  space,  obtains  what  he  calls  a  ^  regular  point-system,' 
which  he  thus  defines :  *  A  regular  point- system  is  one  in  which  the 
pencils  of  lines  drawn  from  each  point  of  the  system  to  all  the  remainder 
are  congruent  with  each  other.'  ^  These  systems,  if  classified  according 
to  the  position  and  nature  of  their  axes  of  symmetry  (whether  screw-axes 
or  axes  of  rotation),  are  sixty-five  ■*  in  number.  They  may  conveniently  be 
designated  ^  Sohncke  systems.' 

A  Sohncke  system  then  consists  of  a  homogeneous  assemblage  of 
points  symmetrically  and  identically  arranged  about  axes  of  symmetry, 
and  these  may  be  screw- axes  such  that  the  points  surround  them  in  a 
spiral  arrangement.  It  might  at  first  sight  appear  that  the  latter  are 
inconsistent  with  the  law  of  rational  indices.  Since,  however,  among 
the  coincidence- movements  of  the  system  the  translations  and  rotations 
proper  to  some  space-lattice  are  always  present,  it  may  be  proved  that 
a  Sohncke- system  consists  in  general  of  two  or  more  congruent  space- 
lattices  which  interpenetrate.  The  translation  movements  of  the  Sohncke- 
system  are  those  which   are  common   to  the  constituent  space-lattices. 

*  *  Orappirnng  der  Molekule  in  den  Krystallen  :  eine  theoretische  Ableitung  der 
KrystalUjsteme,*  Poffg.  Ann,,  l»t>7,  czxxii.  75;  'Die  unbegr.  regelm.  Pubktsysteme 
a)8  Grundl.  e.  Theorie  der  Krystallstructur,'  Verh.  naturm.  Ver.  Xarlsruhe,  1870  (7); 
*  Zariickweis.  e.  Einworfs  geg.  d.  neue  Tbeor.  d.  Krystallstruct.,*  Wied.  Ann.,  1879, 
vi.  546 ;  *  Ableitung  d.  Grundges.  d.  Krystallsys.  a.  d.  Tbeor.  d.  Krystallstructur/ 
ih.,  1882,  xvi.  489,  and  Verh.  naturw.  Ver.  Karlsruhe,  1882  (9);  *  Elementares 
Nachweis  ciner  Eigensch.  parallelep.  Punktsjsteroe,'  Zeit$,  Kry$t.  Min.,  1888,  xiii. 
209 ;  *  Entwickelang  ciner  Tbeorie  der  Erystallstmktnr,'  Leipzig,  1879 ;  *  Cbe- 
Spaltnngsfl&cben  und  natiirlicbe  Krystallflachen,*  Zeits.  Krygt.  Min.,  1888,  xiii. 
214-236;  '  Erweitening  der  Tbeorie  der  Krystalle,*  ih.,  1888,  xiv.  426-446;  *  Di- 
Entdeckusg  des  Eintbeilungsprincips  der  Krystalle  durob  J.  F  C.  Hessel,'  ih.,  1890, 
xviii.  486-498;  'Die  Structur  der  optisch  drehenden  Krystalle,'  ih.,  1891.  xix. 
629-559;  *Die  Stmctnr  der  bemimorpb-bemiedriscben,  bezw.  tetartoedriscben 
drebenden  Krystalle,*  ib.,  1896,  xxv.  629-530. 

*  Solmcke,  speaking  of  bis  own  principal  treatise,  says :  *  Man  findet  bier  die 
ganxe  Mannigfaltigkeit  der  uberbanpt  moglicben  Krvstallstrokturformen  aus  einem 
einzigen  Prindp,  ntlmlicb  aus  dem  selbstverstandlicben  Grundsatze  von  der  regel- 
mSssigeu  Anordnung,  auf  streng  matbematiscbem  Wege  abgeleitet '  (Bntwickelung 
einer  Theorie  der  Krystallgtrtiktur,  Vorwort,  p.  iii). 

'  Ih.  p.  iii ;  also  p.  26  :  *  Mit  Benntzang  des  Gmndgedankens  der  Jordan'scben 
Metbode,  aber  mit  Weglasssunor  alles  dessen,  was  nicbt  direkten  Bezug  znr  Krystall- 
straktnr  hat,  sind  nun  im  Folgenden  alle  ilberbanpt  moglicben  regelma^sigen 
Panktsysteme  von  nnbegrenzter  Ansdebnnng  abgeleitet  nnd  somit  alle  denkbaren 
Strakturformen  krystallisirter  Korper  ermittelt/  And  later,  p.  29 :  * .  .  .  die 
verscbiedenen  Arten  von  Deckbewegnngen  als  Eintbeilnngsgmnd  fiir  die  regel- 
massigen  Panktsysteme  dienen.'  He  employs  some  well  known  kinematic  proposi- 
tions relating  to  rigid  systems  to  aid  blm  in  arriving  at  bis  results. 

^  Ih.,  p.  28. 

>  In  his  principal  work,  Die  Entwichelung,  &c.,  Sohncke  describes  sixty-six 
types,  but  subsequently  concludes  tbat  tbere  are  but  sixty-five,  Nos.  9  and  13  of  bi^ 
pypte^^  belpg^  tbe  same  typo.    Zeit$.  £ryn.  Min.^  1888,  vol,  xiy.  p.  42^. 
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Hence  the  points  of  the  Sohncke-system  may  always  be  grouped  together 
in  sets  such  that  the  centres  of  gravity  of  the  sets  constitute  some  space- 
lattice.  The  law  of  rational  indices  is,  therefore,  applicable  to  a  Sohncke- 
system  as  well  as  to  the  space-lattice. 

Fig.  5,  for  example,  represents  a  Sohncke-system  of  points  possessing 
screw-axes  of  hexagonal  symmetry  at  B,  C,  D  (No.  46  of  Sohncke's 
treatise).  A  point  is  brought  into  coincidence  with  a  neighbouring 
point  by  giving  the  system  a  rotation  of  60**  about  one  of  these  axes, 
accompanied  by  a  translation  along  the  axis. 

If  every  set  of  six  points,  such  as  c,,  Ca,  C3,  c/,  Cg',  C3',  be  regarded  as 
grouped  about  a  single  point  at  their  centre  of  gravity,  y,  the  Sohncke- 
system  of  fig.  5  can  be  treated  as  composed  of  groups  of  six  points  whose 
centres  form  the  space-lattice  of  ^g,  6,  in  which  the  points  all  lie  at  equal 
intervals  on  straight  lines.  ^  (The  lattice  of  ^g,  6,  like  that  of  fig.  2, 
possesses  trigonal  axes.)     The  Sohncke-system  may  therefore  be  regarded 


Fig.  6. 


as  consisting  of  six  similar  lattices  constructed  from  C],  Cg,  C3,  c/,  c^',  e^' ; 
the  planes  whose  directions  are  given  by  any  such  points  as  /3,  y,  h  form 
a  crystalline  system  of  planes  which  obey  the  law  of  rational  indices. 
They -may,  therefore,  be  taken  to  represent  the  faces  of  the  crystal. 

In  such  systems,  and  in  others  to  be  described  below,  it  must  be 
remembered  that  the  point^s  of  the  figure  may  represent  merely  homologous 
points  in  the  material  of  which  the  crystal  consists,  whatever  may  be 
the  nature  of  that  material ;  it  is  not  necessary  to  regard  them  as  repre- 
senting atoms  or  molecules,  or  as  presupposing  anything  relating  to 
atoms  or  molecules. 

'  A  lattice  formed  of  points  vertically  midway  between  the  points  of  the  one 
figure  applies  equally  well,  since  the  points  of  the  Sohncke-system  can  jnst  as 
symmetrically  be  allotted  to  form  groups  having  these  other  points  as  centr^ 
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Further,  it  must  be  noted  that  the  system  of  coincidence-movements 
of  fig.  5  does  not  necessarily  possess  any  planes  of  symmetry.  The  mere 
Sohncke-system  of  points  or  a  system  of  spheres  placed  at  the  points  of 
fig.  6  would  possess  planes  of  symmetry,  but  a  parallel  system  of  un- 
symmetrical  pear-shaped  bodies  would  not. 

The  application  of  Bravais'  method  to  a  system  of  this  kind  is  incon- 
venient because  it  is  impossible  to  partition  it  into  identical  same-way 
orientated  units  of  any  kind  without  lowering  the  symmetry  by  the  act  of 
partitioning.  Thus  in  the  case  in  question  an  hexagonal  axis  is  impos- 
sible for  the  unit  because  the  hexagonal  axes  present  in  the  system  are 
none  of  them  mere  axes  of  rotation,  and,  therefore,  the  movements  about 
them  are  incapable  of  bringing  any  conceivable  unit  to  coincidence  with 
itself.  This  renders  some  important  conclusions  of  Bravais  inapplicable 
to  such  a  system.  Thus  he  argues  that  in  all  holohedral  crystals  the 
molecular  polyhedra  possess  the  same  axes  and  planes  of  symmetry  as 
the  assemblage.  Now  the  system  of  hexagonal  symmetry  just  described 
becomes  holohedral  if  it  consists  of  points  or  spheres  lying  on  planes 

Fig.  6. 


drawn  through  the  nearest  Jiexagonal  axes,  and  yet,  as  just  remarked,  no 
kind  of  partitioning  can  produce  in  it  units  having  hexagonal  axes. 

Regarded  as  an  investigation  of  the  total  number  of  ways  in  which 
identical  repetition  can  take  place,  and,  therefore,  as  an  investigation  of 
the  number  of  types  of  homogeneous  structure  so  obtainable,  Sobncke's 
work  is  exhaustive  and  complete.  He  begins  without  any  assumption 
involving  knowledge  of  previous  views  or  methods,  and  rigidly  deduces 
the  total  number  of  types  just  mentioned.^  His  method,  however,  is  not 
free  from  objection,  since,  in  order  to  account  for  the  thirty-two  different 
classes,  he  is,  like  Bravais,  driven  to  make  the  symmetry  of  a  system 
depend  partly,  on  the  arrangement  of  the  ultimate  parts  or  atoms  and 
partly  on  the  configuration  of  these  atoms.     He  treats  the  parts  repeated 

'  See  ib.,  p.  It.  :  • . . .  ich  die  ganze  Untersuchnng,  soweit  sie  auf  Krystallographie 
Bezng  hat,  selbststlbidig  von  vom  anfing,  naturlicb  mit  Benutznog  des  bewabrten 
Drondgedankeos  der  Jordan'scben  Metbode/ 
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as  points  or  particles  of  perfectly  regular  (spherical)  form,  or  at  least 
ignores  their  polarity  if  they  have  any,  and,  as  a  consequence  of  this 
supposed  regularity  of  the  atoms,  he  attributes  to  some  of  Jordan's 
systems  an  additional  element  of  symmetry  not  necessarily  involved  by 
their  coincidence  movements.  Thus  he  regards  some  of  the  sixty- five 
types  as  necessarily  possessing  planes  of  symmetry.*  When,  however,  he 
comes  to  speak  of  hemimorphous  crystals,  i.e.,  those  which  are  differently 
terminated  at  opposite  ends  of  an  axis  of  symmetry,  he  follows  the 
example  of  Bravais — at  least  in  his  earlier  writings — and  resorts  to  the 
supplementary  hypothesis  that  the  molecules  possess  polarity.^ 

The  problem  which  Sohncke  sets  himself  to  solve  is,  then,  the  con- 
struction of  all  kinds  of  regular — Le ,  homogeneously  arranged  ^ — assem- 
blages composed  of  sets  of  identical  particles,  the  shape  of  the  particles 
being  ignored,  or,  in  other  words,  treated  as  quite  regular,  »,6.,  spherical/ 
If  he  had  succeeded  in  forming  on  these  lines  simple  assemblages  among 
which  were  rejrresented  all  the  thirty-two  classes  of  crystal  nymmetry^  his 
work  would  have  been  consistent  with  the  supposition  that  crystals 
consist  in  every  case  of  a  single  kind  of  molecule  whose  shape  and 
constitution  are  destitute  of  polarity,  the  symmetry  of  the  structure  being 
entirely  determined  by  the  relative  situations  of  the  molecules.  He  did 
not,  apparently,  at  any  time  hope  to  completely  achieve  this,  for  he 
admitted  the  necessity  of  a  supplementary  hypothesis  to  account  for 
hemimorphism  ;  but,  save  for  the  few  cases  of  this  property,  he  appears,  in 
the  first  instance,  to  have  hoped  to  reach  an  adequate  theory  based  solely 
on  the  relative  position  of  the  molecules,  without  taking  account  of  their 
shape. 

The  insufficiency  of  Sohncke's  earlier  theory  that  the  molecules 
are  perfectly  regular  and  all  of  one  kind^  atid  identically  related  to  the 
structure  as  a  whole,  was  presently  pointed  out  by  several  writers,  among 
whom  may  be  mentioned  Wulff  *  and  Haag,^  the  former  in  particular 
having  called  attention  to  the  existence  of  certain  known  crystal  forms, 
namely,  those  possessing  the  symmetry  of  the  mineral  dioptase,  which 
are  not  found  represented  among  the  sixty-five  systems. 

Sohncke  himself  subsequently  confessed  the  inadequacy  of  the  theory 
in  question,^  and  was  led  to  enlarge  his  method.  Thus,  after  reviewing 
some  examples  of  more  generalised  point-systems  devised  by  Wollaston, 
Barlow,  and  Haag,  he  suggested  the  following  modified  theory  : — 

Instead  of  regarding  the  spherical  particles  or  points  composing  a 
homogeneous  assemblage  as  all  of  one  kind,  let  a  limited  number  of  kinds 

»  Zeiti.  Krytt.  Min.,  1892,  vol.  xx.  p.  448. 

*  Entwickelung  einer  Thevrie^  etc,  p.  200. 

'  See  Wiener's  definition  of  homogeneity  in  GrundzUge  der  WeUordnmng^  p.  82 
et  seq,     Cf.  Min,  Mag.,  1896,  vol.  xi.  p.  120. 

^  Comp.  KrygtalUygteme  und  KryttaUstructur,  pp.  695,  596,  and  p.  612.  Sohncke 
says  {Zeiti.  Krytt.  Min.,  1892,  vol.  xx.  p.  452) :  *  I  have  always  considered  the  elemen- 
tary particles  to  possess  only  fo  much  symmetry  that  they  do  not  disturb  the  >ymmetry 
of  the  point-system.'  The  effect  of  this  is  that,  f o  far  as  the  general  symmetry  is 
concerned,  they  behave  as  though  they  were  spherical. 

*  *Ueber  die  regelmassigen  Panktsysteme,*  Zeits,  Krytt.  Min.,  1888,  vol.  xiii. 
pp.  503-566. 

'  Die  reguldren  Kryttallkorper,  Bothweil,  1887  (see  reference  in  Zeiti.  Krytt. 
Min.,  1888,  vol.  xvi.  p.  501). 

'  *  Bemerkungen  zu  Herm  Wolff's  Theorie  der  Krystallstmctnr,'  Zeitt.  Krytt.  Min., 
ypj.  xiv.  417.    See  also  *  Brweiterun^  der  Theorie  der  Kry8taJ)striictuf,*  ib.,  p.  42p, 
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(1,  2,  3,  01*  n)  be  present,  the  component  assemblage  fottaed  by  each 
kind,  taken  by  itself,  being  homogeneously  arranged,  and  all  the  different 
kinds  possessing  identioil  systems  of  axes  and  having  the  same  set  of 
translations  common  to  them.^ 

Sohncke's  aim  is,  as  has  been  s&id,  to  produce  the  requisite  varieties 
of  symmetry  by  arranging  regular  or  spherical  particles  homogeneously. 
This  he  succeeds  in  doing  by  his  enlarged  method,  and  is  now  able  to 
cover  the  cases  of  hemimorphism.*  Instead,  however,  of  merely  stipulating 
that  the  componeht  point-systems  shall  have  the  same  translations  common 
to  them,  and  possess  identical  systems  of  axes,  he  ought  to  have  stipulated 
that  they  shall  have  all  their  coinddence-movements  in  common.^ 

For  all  the  coincidence-movements  which  characterise  the  combined 
system  as  a  whole  must  obviously  be  obeyed  by  every  particle  within  it, 
and  it  is  only  these  movements  which  really  belong  to  the  component- 
systems  as  found  in  the  structure.  In  other  words,  if  there  are  other 
coincidence-movements  in  addition  to  these,  which  a  set  of  points  would 
have  if  taken  alone,  such  movements  must  for  the  combined  system  be 
regarded  as  non-existent,  and  only  Uiose  points  of  such  a  set  will  have 
identical  positions  in  the  entire  system  which  can  he  brought  to  coincidence 
by  the  surviving  movements,  i.e,,  by  those  which  characterise  the  structure 
as  a  whole.  After  making  this  distinction  it  wi]l  usually  be  possible  to 
detect  two  or  more  different  kinds  of  points  forming  two  or  more  different 
subsidiary  point-systems,  which  must  be  counted  separately,  as  many 
systems  being  discriminated  as  there  are  varieties  of  position  of  the 
points.  When  this  is  done  the  various  different  point-systems  present 
will  have  all  their  coincidence-movements  in  common,  these  movements 
being  those  characteristic  of  the  combined  system  as  a  whole. 

Reference  to  an  example  may  make  this  clearer  to  those  who  are 
familiar  with  Sohncke's  treatise.  Let  two  point-systems  (a  and  6)  be 
taken,  each  of  which,  when  regarded  apart  from  the  other,  presents  the 
same  instance  of  type  No.  2  of  Sohncke,  and  which  have  their  systems  of 
axes  and  their  translations  identical ;  let  them  be  combined  in  such  a 
way  that  they  are  sameway- orientated  and  have  the  two  sets  of  points 
lying  in  the  same  planes,  but  with  the  axes  distinct.  See  fig.  7,  in  which, 
to  distinguish  the  two  systems,  one  (b)  is  represented  in  dotted  lines. 
Either  system  consists  of  a  series  of  equidistant  parallel  planes,  each 
beset  wiUi  particles  in  the  same  way  ;  and  the  diagram  is  one  such  plane  ; 
the  points  in  the  succeeding  planes  lie  vertically  below  those  in  the 
diagram.  Then  the  combination  thus  formed  must  be  regarded  as  con- 
sisting of  four  separate  point-sy stems,  not  of  two  only,  for  the  positions  in 
the  composite  structure  occupied  by  the  points  are  ot  four  different  kinds. 
Each  of  the  four  sets  is  destitute  of  axes ;  the  composite  system  has 
merely  the  symmetry  which  it  would  have  had  if  constructed  of  four 
distinct  point- systems,  each  possessing  the  translations  common  to  the 
two  initial  systems,  and  consisting  of  points  lying  in  the  same  planes. 

In  Sohncke's  work  rigid  geometrical  results  are  closely  interwoven 

«  Zeiti.  Kryit.  Min.,  1888,  vol.  xiv.  p.  43.3.    Comp.  ib.,  1892,  vol.  xx.  p.  466. 

*  For  further  applications  of  his  method  tee  *  Zwei  Theorien  der  Krystallstruclur/ 
Zeits.  Kry$t.  Min.,  1892,  vol.  xx.  p.  456. 

'  SohDcke  was  disposed  at  first  to  make  this  stipalation,  but  did  not  perceive  its 
necessity ;  he  afterwards  definitely  adopted  the  less  preci»e  one  to  which  objection 
is  here  taken.  Comp.  Zeit$,  Krytt.  Min,,  1888,  vol.  xiv.  p.  441,  and  1892,  vol.  xx. 
p.  456. 
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with  theoretical  considerations  relating  to  systems  of  regular  particleSi 
and  the  very  title  of  his  principal  treatise,  *  Entwickelung  einer  Theorie 
der  Krystallstruktur/  shows  that  he  addresses  himself  rather  to  establish- 
ing  a  physical  theory  than  to  the  demonstration  of  a  set  of  purely 
geometrical  propositions.  From  the  geometrical  point  of  view,  his 
investi^tion  constitutes,  as  has  been  said,  a  completion  of  Camille 
Jordan  s  work,  already  referred  to  :  he  has  traced  the  symmetrical  features 
of  the  various  infinite  groups  of  movements  described  by  the  latter,  and 
has  discovered  a  number  of  additional  groups  which  Jordan  had  over- 
looked ;  ^  so  far  his  work  is  indisputably  a  mathematical  demonstration, 
not  a  plausible  theory.  Jordan's  groups  of  movements  constitute  purely 
geometrical  configurations,  and  their  symmetrical  features  are  perfectly 
definite  and  traceable  without  postulating  the  nature  of  the  structure  which 
repeats  itself  throughout  space  ;  it  is  not  essential  to  the  geometrical 
reasoning  that  this  structure  shall  consist  of  a  Sohnckian  assemblage  of 


FIG.  7. 
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discrete  particles  separated  by  void  spaces  ;  -  its  constitution  may  indeed 
remain  quite  undefined,  so  long  as  it  is  capable  of  the  requisite  coinci- 
dence-movements. 

With  Sohncke,  however,  the  crystal  element  is  not  devoid  of  a  certain 
hypothetical  character,  as  is  shown  by  his  employment  of  an  arbitrary 
fundamental  proposition  (Gru/ndsatz).^  This  asserts  that  the  symmetry 
displayed  by  a  crystal  cannot  be  lower  than  that  of  the  point-system, 
according  to  which  the  centres  of  its  elementary  particles  (Krystallbau- 
steine)  are  arranged.  Evidently  the  effect  of  such  a  provision  is  to  insist 
on  the  regularity  of  form  of  these  elementary  particles  or  to  treat  their 
shape  as  a  negligible  factor.  As  Sohncke  contends  that  this  provision  is 
a  physical,  not  a  geometrical,  necessity  it  is  obvious  that  his  particles  are 
not  mere  geometrical  space  units ;  indeed  it  is  always  possible  so   to 

>  Entwickelung  einer  Theorie  der  Krystallstruhtur^  p.  26. 

'  The  plausibility  of  the  conception  of  discrere  particles  or  centres  of  force  is 
generally  admitted ;  the  point  here  insisted  on  is  that  thi»  conception  is  not  essential 
to  the  geometrical  reasoning  under  review.  See  Min,  Mag.,  1896,  voL  xi.  p.  120. 
Com  p.  Kry$tallsy$ieme  und  KrystalUtructur,  p.  237. 

»  Zeits.  Kry$t.  Min.^  1892,  vol.  xx.  p.  447. 
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partition  a  homogeneous  structure  geometrically  into  identical  units  that 
the  symmetry  of  t^e  system  shall  be  determined  solely  by  the  arrangement 
of  the  units,  and  not  at  all  by  their  shape,'  and  therefore,  as  applied  to 
such  units,  Sohncke's  fundamental  proposition  would  be  universally  true, 
not,  as  he  puts  it,  a  limitation  {Beachrdnkungy^ 

Sohncke  states  the  aim  of  his  investigation  in  these  words  :  '  I 
might  rather  regard  this  aim  to  be  the  evolution  from  the  simplest  and 
most  evident  axioms  by  logical  methods  such  conceptions  as  to  the  build- 
ing up  of  crystals  from  their  molecules  as  are  in  strict  agreement  with 
observed  facts,  and  may,  therefore,  be  regarded  as  natural.*  ^ 

He  adds  the  remark  that  the  non-acceptance  of  his  fundamental 
proposition  and  his  conclusions  is  justifiable  if  they  are  held  to  be 
improbable.  This  is  not  language  which  would  be  appropriate  to  pure 
geometry. 

Mhror-Image  Bepetition. 

We  now  come  to  a  very  important  departure  in  the  investigation  of 
crystal  structure.  Jordan's  conception  of  infinite  groups  of  movements 
leads,  as  we  have  seen,  to  identical  repetition  of  parts  extending  through- 
out  space.  It  has  been  pointed  out  that  it  is  possible  to  draw  in  each  of 
these  groups,  or  in  the  systems  formed  by  their  means,  sets  of  planes 
identically  related  to  the  group  or  system  regarded  as  an  infinite  whole  ; 
hereby  is  provided  a  purely  geometrical  method  of  defining  homogeneity 
of  structure  in  a  perfectly  general  manner,  which  would  be  of  interest  to 
mathematicians  if  no  such  body  as  a  crystal  existed  ;  but,  further,  the  laws 
of  symmetry  which  govern  the  relative  arrangement  of  the  identically 
corresponding  plane- directions  present  in  a  homogeneous  structure  are 
also  established.     Crystals,  however,  display  not  only  identity  of  parts, 

»  See  Phil  l^ag.,  series  6,  1901,  vol.  i.  p.  7. 

«  ZeUs.  Krygt.  Min.,  1892,  vol.  xx.  p.  448 ;  cf.  Mn.  Mag.,  1890,  vol.  xi.  p.  125 ; 
also  Schonflies,  KryitalUysteme  und  ICrystallstrvctur,  p.  616. 

That  Sohncke  regards  the  crystal  elements  whose  centres  furhish  the  points  of 
his  point-systems,  as  either  chemical  molecules  or  aggregations  of  such  molecules, 
and  not  as  mere  geometrical  units,  which  may  be  but  fractions  cf  molecules,  is 
proved  by  the  words  lie  employs  in  introducing  his  hypothesis  as  to  the  nature  of  a 
crystal.  Thus  he  says  (p.  27  of  his  Entwickelung  einer  Theorie,  &c.) :  •Es  ist 
naturgemass,  einen  Krystall  in  regelmussiger  Weise  aus  lauter  kongruenten  Grundge- 
bilden  oder  Krystallelmenten  aufgebaut  zu  denken,  von  denen  es  allerdings  unent- 
sohieden  bleiben  muss,  ob  sie  die  aus  Atomen  zusammengesetzten  chemischen 
Molekeln  selbst  oder  Aggregate  von  solchen  sind  .  •  .  von  jedem  Krystallelemente 
wird  nur  der  Schwerpunkt  in  Betracht  gezogen.  .  .  .  Fur  die  folgende  geometrische 
Untersnchung  ist  also  der  Krystall  durch  ein  System  diskreter  Massenpunkte  ersetzt, 
in  welchem  es  somit  stets  einen  kleinsten  Punktabstand  giebt.* 

If  Sohncke  had  meant  to  allow  the  employment  of  merely  geometrical  units  as 
crystal  elements,  he  would  doubtless  have  used  some  such  description  of  them  as 
that  which  he  has  given  of  Haiiy*s  *  molecule  soustractive,'  of  which  he  says  (p.  12) : 
*  Dieselbe  hat  namlich  zwar  eine  bestimmte  geometrische,  aber  keine  konsequent 
festgehaltene  physische  Bedeutung ;  bald  ist  sie  die  wirkliche  physische.  bald  nur 
eine  zu  Konstruktionen  bequeme  geometrische  Einheit.  * 

That  he  perceived  the  possibility  of  employing  merely  geometrical  units  is, 
however,  in  evidence,  for  he  says  (p.  14):  *Bedenktman  .  .  .  dass  Delafosse  und 
Seeber  nichts  anderes  gethan  haben,  als  die  parallelepipedisch  gestaltete  substraktive 
Molekel  Hauys  durch  ihren  Mittelpunkt,  resp.  durch  eine  kleine  ihn  umgebende 
Kugel  zu  ersetzen,  so  muss  man  anerkennen,  dass  die  Haiiys'cbe  Ibeorie  hierdurch 
ganz  im  Geiste  ihres  Begriinders  fortgebildet  worden  ist  und  dabei  wesentUch  an 
Eonsequenz  und  Einfachheit  gewonnen  hat.' 

»  ZeiU.  Kryst,  Min,,  1892,  vol.xx.  p.  456. 
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but  also,  in  tti6  majority  of  cases,  enantiomorphous  similarity  ;  lot,  whild 
in  some  few  crystals  the  similar  faces  always  bear  an  identical  relation 
to  the  whole,  in  most  there  are  faces  that  occur  in  pairs  (like  a 
right  and  left  hand),  the  two  individuals  of  which  are  enantiomorphously 
not  identically  related  to  the  crystal  form.  Unless  this  additional  factor 
of  enantiomorphous  similarity  of  parts  be  in  some  way  introduced,^ 
Jordan's  method  gives  only  the  systems  of  repetition  which  belong  to 
one  or  other  of  the  classes  of  crystal  symmetry  in  which  the  similarity 
is  all  identity,  i.e.j  only  such  as  are  enantiomorphs.  This  significant 
fact  is  revealed  in  the  work  of  the  two  inquirers,  von  Fedorow  and 
Schonflies,  who  established  independently  and  simultaneously  that  a 
definition  of  the  symmetrical  repetition  of  parts  which  includes  enantio- 
morphous similarity  as  well  as  identity  of  parts  leads  to  types  belonging 
to  all  of  the  thirty-two  classes  of  crystal  symmetry.^ 

Pierre  Curie  '  shares  with  the  two  writers  mentioned  above  the  credit 
of  having  established  the  general  principles  of  repetition  by  which  the 
symmetry,  whether  of  finite  figures,  or  of  systems  of  figures,  or  of  struc- 
tures, may  be  completely  investigated.  He  set  himself  to  consider  more 
general  arrangements  of  points  than  those  dealt  with  by  Bravais.  These 
points  may  be  endowed  with  qualities  independent  of  direction,  such  as 
density,  temperature,  or  with  qualities  requiring  the  most  varied  ideas  of 
direction  and  orientation,  such  as  velocity,  force,  intensity  of  an  electric 
or  magnetic  field,  intensity  of  power  of  rotation.^  (The  homogeneous 
arrangements  thus  obtained  are  not  all  crystallographically  possible,  e,g,f 
a  sphere  filled  with  a  rotating  liquid.*)  There  are  two  kinds  of  repe- 
tition-one which  leaves  everything  identically  the  same  as  before 
(dSplacements  indifferents)  and  another  in  which  the  units  of  one  part  of 
the  system  are  the  mirror-images  of  those  of  the  other  (sysihnes  syme- 
triqv^s  Vun  de  Vautre  ^).  Curie  was  the  first  to  emphasise  the  necessity  of 
considering,  in  addition  to  ordinary  axes  and  planes  of  symmetry,  axes 
and  plfloies  of  alternating  symmetry  (plana  de  symitrie  cUtemey  plans  de 
symetrie  translatoire  alteme  ^).  Although  the  230  classes  of  crystal  struc- 
ture obtained  by  Schonflies  and  Fedorow  may  be  deduced  from  the  prin- 
ciples established  in  his  papers.  Curie  limits  himself  to  deriving  the 
thirty-two  varieties  of  external  form  which  are  crystallographically  pos- 
sible.* 

Another  writer  of  this  date  of  whom  mention  should  be  here  made  is 
B.  Minnigerode,  who  arrived  at  the  thirty-two  classes  of  crystal  systems 
by  means  of  the  theory  of  groups  and  substitutions.® 

*  Tbii  18  very  clearly  broogbt  out  by  Story-MaRkeiyne  in  his  Idorpholcgy  t»f 
Crystals,  Oxford,  1898,  p.  99,  where  the  terms  *  metastrophic '  and  *  antifitrophic  ^are 
employed  to  diatingulsh  the  two  soitft  of  relations. 

*  The  discovery  of  these  thirty-two  classes  by  the  moiphological  crystallo* 
graphers  had  in  fact  been  due  to  the  use  of  places  of  symmetry  and  centre  of 
symmetry  as  the  basis  of  their  reasoning ;  and  these  elements,  of  course,  contain  the 
coDception  of  enantiomorphous  relationship 

«  •  Sur  les  questions  dVrdre :  Repetitions,'  J&u/I.  Soe,  l^itt.,  1884,  vH.  pp.  80^111 ; 

•  Snr  la  8ym6trie,*  id.,  pp.  418-467. 

*  i*.,p.89  •  /&.,p.  443. 

*  Ib„  p.  90.  '  n^  p.  462.  •  75.,  p.  454. 

*  *  Untersuchungen  iiber  die  Symmetrieverhaltnisse  und  die  ElasticitSt  der  Krys* 
talle/  Naehr.  d.  k.  Get,  d,  WU$„  Gdttingen,  1884,  pp.  195-226,  374-384,  488-492  ; 

•  UntenrachuDgen  dber  die  Symmetrieyerhaltnisse  der  Krystalle,'  Neues  Jahrh,^  1887 ; 
Beilago,  Bd.  v.  pp.  145-166* 
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Schonfliei, 

Though  Arthur  Schdnflies  was  not  actually  the  first  to  establish  the 
feicistence  of  the  230  classes  of  crystal  structure,  his  writings  have  been 
the  means  of  making  this  final  development  of  the  subject  generally 
known  to  the  scientific  world. ^  His  work,  which  was  but  little  later  than 
that  of  Fedorow,  and  is  quite  independent,  culminates  in  the  book  *  Krys* 
tallsysteme  und  Krystallstructur,'  in  which  he  establishes  with  the  lucidity 
and  rigidity  of  the  skilled  mathematician  the  thirty-two  classes  of  crystal 
symmetry  and  the  230  classes  of  crystal  structure,  and  discusses  at  length 
the  question  of  the  partitioning  of  space.  It  will  be  convenient  to  con- 
sider the  work  of  Schonflies  in  some  detail  in  order  to  treat  that  of  the 
remaining  authors  briefly,  since  many  of  their  results  are  the  same 
as  his. 

He  adopts  Wiener*s  definition  of  regularity  of  structure  with  this 
difierence  :  instead  of  saying  that  every  molecule  of  an  assemblage  has 
the  remaining  molecules  arranged  about  it  in  the  same  manner,  he  says 
that  every  molecule  is  surrounded  by  the  rest  collectively  in  like  manner, 
where  '  likeness '  of  the  grouping  can  either  amount  to  identity  or  be 
mirror-image  resemblance.''  The  following  is  an  example  of  the  distinc- 
tion between  these  two  kinds  of  resemblance  :  the  two  points  />,  ^,  occupy 
situations  with  respect  to  the  cube  (fig.  8),  which  are  merely  alike,  whereas 


Fig.  8. 


p  and  p'  are  identically  placed  ;  the  cube  presents  exactly  the  same 
appearance  when  viewed  from  either  of  the  latter,  whereas  in  the  case 
of  p  and  q  the  two  aspects  bear  the  kind  of  relation  that  a  right  hand 
bears  to  a  left,  or  an  object  to  its  image  as  viewed  in  a  mirror.  The 
aspects  of  the  figure  from  the  points  p  and  q  may  be  called  enantiomor- 
phous  with  respect  to  each  other,  and  any  operation  which  involves  such 
a  relationship  may  be  called  a  mirror- image  operation.  Schonflies' 
method  is  to  add  to  the  movements  employed  by  Jordan  such  processes 
of  inversion  and  reflection  as  can  be  applied  to  his  groups  of  movements 
without  increasing  the  number  or  modifying  the  character  of  the  actual 

'  •  Beitrag  zur  Thecrie  der  Krystallstnictur,'  Nachr.  d.  k.  Oes.  d,  IfXw.,  Gottingen, 
1888,  pp.  48^^01 ;  *  Uberdas  gegetiseitigeVerhaltniss  der  Theorien  fiber  die  Structur 
der  Krystalle/  i^.,  1890,  pp.  239-250 ;  KrystalUytftenie  vnd  JCryttalUtmctur,  Leipzig, 
1891 ;  '  Bemerkungen  iiber  die  Theorie  der  KrystaUstnictur,'  ^eits.  phys.  ohem.,  1892, 
5x.  pp.  156-170 ;  *  Antwort  auf  den  Artikel  des  Herm  Sohncke ;  Zwei  Theorieen  der 
Krystallstrnctur,'  ib.,  1892,  x.  pp.  617-525  :  •  Bemerkungen  zudem  Artikel  des  Herm 
£.  von  Fedorow,  die  Zasammenstellung  seiner  krybtallographischen  Resultate  und  der 
meinigen  betreffend/  Zeits  Krytt.  JUin.,  1892,  xx.  pp.  259-262  ;  *  Gruppen theorie  und 
Krystallograpbie,'  Gmgrets  .Mathematical  Papers^  I'hicago  Exhibition^  1893. 

*  Schonflies,  XrystalUiiteme  und  KryttalUtructur.  p.  239. 
1901.  Y 
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movements.  He  thus  constructs  composite  groups  of  operations  which 
act  throughout  space,  but  comprise,  in  addition  to  Jordan's  groups,  cer- 
tain mirror-image  operations  with  respect  to  series  of  parallel  planes  or  to 
systems  of  centres  of  inversion.^  He  calls  the  groups  of  operations, 
whether  those  of  Jordan  or  those  added  by  himself,  '  space-groups '  {Eaum- 
gruppen).^ 

As  in  the  case  of  Jordan's  groups  of  movements,  the  symmetry  of 
any  given  group  is  rendered  easier  to  trace  if  a  number  of  similar  par- 
ticles or  bodies  are  placed  in  all  the  positions,  throughout  some  consider- 
able space,  in  which  they  would  be  located  by  applying  all  the  operations 
of  the  group  to  some  particular  body.  In  order  to  accomplish  this,  in 
the  groups  which  contain  mirror-image  operations  similar  right-handed 
and  left-handed  bodies  will  have  to  be  employed  in  equal  numbers.' 

It  may  be  maintained  that  the  likeness  of  parts  thus  defined  by 
Schonflies,  involving  as  it  does  two  distinct  sorts  of  resemblance — 
identity  and  enantiomorphous  (or  mirror-image)  similarity — should 
scarcely  be  called,  when  taken  collectively,  homogeneity  of  structure; 
it  would  be  well,  perhaps,  if  it  could  be  expressed  by  some  new  word  of 
wider  significance. 

Generation  of  the  Va/ruma  Groups  q/'0p6ra<iotw(Raumgruppen). 

Schonflies  employs  a  symbolic  method  in  order  to  deduce  the  various 
types  of  possible  groups  of  operations. 

The  following  propositions  indicate  briefly  the  method  pursued  by 
him,  without  introaucing  his  symbols  : — 

1.  Only  such  of  Jordan's  groups  of  movements  as  contain  a  group  of 
translations  which  all  bear  finite  (and  not  infinitesimal)  relations  to  one 
another,  and  are,  therefore,  capable  of  producing  a  space-lattice  (Baum* 
gitter)y  can  obey  the  law  of  rational  indices ;  and  are,  therefore,  available 
for  the  crystallographer.^  It  is  only  to  these  groups  that  Schonflies 
applies  mirror-image  operations.* 

2.  The  complete  set  of  translations  thus  forming  part  of  a  Sch5nflies 
group  of  operations  must  be  brought  to  coincidence  with  itself  (Deckung) 
by  every  other  operation  of  the  group.^ 

3.  In  addition  to  planes  of  symmetry,  simple  axes  of  symmetry,  and 
the  screw-axes  of  Sohncke,  Schonflies  (like  Curie)  introduces  *  planes  of 
gliding  symmetry'  (Gleiteheneny  as  another  possible  mode  of  repeti- 
tion that  can  be  employed  in  a  group  of  space-operations.  A  plane  of 
gliding  symmetry  is  the  result  of  combining  reflection  over  a  plane 
with  a  translation  parallel  to  that  plane. 

4.  If  a  given  translation,  T,  be  transposed  by  the  operation  of  a  screw 
axis  into  another  translation,  T',  T  is  also  thus  transposed  by  the  opera- 
tion of  a  simple  axis  of  symmetry  having  the  same  situation  and  angle  of 
rotation. 

>  achonflies,  KryitaXUysteme  und  KrystalUtmctur,  pp.  334  and  556. 

«  /&.,  p.  359.  •  See  Min,  Mag.,  1896,  vol.  xi.  p.  119,  and  see  below,  p.  333. 

*  KrystalUysttme  nnd  Krygtallstr^ictur,  pp.  360,  636.  »  2b ,  pp.  3G0,  361. 

*  Ib.^  p.  362.  Schonflies  calls  sub-gronps  of  operations  which  have  this  property 
ausgezeichrute  Uwtergruppen. 

^  Ib,^  p.  367.  Schonflies  calls  that  one  of  the  various  possible  movements  abont 
a  particular  axis  which  has  the  smallest  angle  of  rotation  and  the  smallest  positive 
translation  the  *  reduced  movement '  (redn<!irte  Bervegvng), 
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5.  SimUarly,  if  T  be  transposed  into  T'  by  the  operation  of  a  plane  of 
gliding  symmetry,  T  is  also  so  transposed  by  the  operation  of  a  simple 
plane  of  reflection  having  the  same  situation. 

6.  Hence,  corresponding  to  any  given  group  of  operations  containing 
screw  axes  or  planes  of  gUding  symmetry,  there  exists  another  group  of 
operations  which  effect  the  same  changes  of  direction,  but  whose  elements 
of  symmetry  are  axes  of  rotation  or  planes  of  reflection,  and  these  are 
such  as  belong  to  a  space-lattice. 

7.  From  this  it  follows-  that  in  the  groups  of  space- operations  the 
only  axes  found  are  those  of  the  orders  characteristic  of  space-lattices, 
i.e.,  digonal,  trigonal,  tetragonal,  and  hexagonal  axes. 

The  relations  between  groups  of  space-operations  (Saumgruppen)  of 
different  types  can  be  traced  by  means  of  the  similar  relations  subsisting 
between  allied  ('  isomorphous ')  types  of  symmetrical  operations  effected 
solely  about  a  single  point  or  *  centre  *  (Punktgruppen) ;  ^  the  latter, 
since  the  kinds  o^  axes  admissible  are  limited  as  above,  are  those  which 
characterise  the  centred  forms  of  the  thirty-two  types  of  crystal  sym- 
metry. 

Two  operations  are  termed  by  Schdnflies  '  isomorphous '  when  their 
planes  and  axes  of  repetition  have  the  same  directions  and  the  angles  of 
rotation  of  the  latter  are  the  same. 

A  ffroup  of  space-operations  and  a  group  of  centred  operations  are 
termed  isomorphous  when  every  operation  of  the  former  is  isomorphous 
with  an  operation  of  the  latter. 

By  this  method  of  comparison  it  is  shown  that  every  one  of  the  groups 
of  *  space-operations '  involves  the  general  symmetry  which  governs  the 
symmetry  of  repetition  of  like  directions  in  one  or  other  of  the  thirty-two 
'  classes  of  crystal  symmetry. 

The  mirror-image  of  a  screw  movement  is  a  similar  movement  of  the 
opposite  hand.  Among  the  groups  of  operations  corresponding  to 
Sohncke's  sixty-five  systems  which  contain  screw  movements,  only 
such  as  possess  screw-axes  of  two  opposite  hands  can  be  utilised  for 
the  purpose  of  deriving  groups  of  space-operations  containing  mirror- 
image  repetition :  such  are  (1)  those  which  contain  screw-axes  whose 
translation  component  is  equal  to  a  half -translation  ;  ^  (2)  those  which 
contain  for  each  screw-motion  in  one  direction  an  equal  screw-motion  in 
the  opposite  direction. 

By  applying  the  above  principles  Schdnflies  is  able  to  show  that  the 
sixty-five  systems  of  Sohncke  are  increased  to  230  groups  of  operations, 
all  of  which,  from  what  has  been  said,  must  belong  to  one  or  other  of  the 
thirty-two  types  of  crystal  symmetry. 

A  complete  set  of  similar  plane-directions  may  be  drawn  in  a 
Schonflies  group  of  operations,  in  a  way  similar  to  that  already  indicated 
for  finding  identical  planes  in  one  of  Jordan's  infinite  groups  of  move- 
ments.^   Thus  : — 


*  KryitalUysteme  und  jKrtfstaUstfnetUf^  pp.  859,  301,  974,  37S,  383. 

*  This  oase  is  illustrated  by  fig.  5,  in  which  the  translation  component  of  the 
axis  0  (necessary  to  derive  <?/  from  c^  is  one  half  of  the  translation  r,  <?|"  belonging 
to  the  system.  Saocessive  points  may  be  regarded  as  lying  either  on  a  right-handed 
spiral  (as  c^  c/  c^")  or  on  a  left-handed  spiral|(as  c^  c^  cj')* 

*  See  above,  p.  313. 

T2 


Digitized  by 


Google 


824  HEPORt— 1901, 

In  the  given  group  of  operations  draw  a  homogeneous  plane  in  ttd 
manner  defined  above  ;  ^  this  plane  will,  since  the  translations  of  the. 
group  are  not  infinitesimal,^  and  develop  space-networks,  obey  the  law  of 
rational  indices. 

Apply  to  the  plane  thus  drawn  the  operations  of  the  group  ;  the 
result  is  the  generation  of  a  system  of  planes  symmetrically  distributed 
through  space,  all  of  which  are  similarly  related  to  the  structure  regarded 
as  without  limits.  If  mirror-image  repetition  be  not  found  among  the 
operations  of  the  group,  this  similarity  will  amount  to  identity  ;  if,  on  the 
other  hand,  enantiomorphous  operations  are  present,  the  planes  will  form 
two  equally  numerous  sets,  the  relation  of  the  one  set  to  the  whole  being 
enantiomorphously  similar  to  that  of  the  other  set.^ 

Since  all  the  components  of  the  operations  of  the  group  which  are 
mere  translations  are  without  effect  on  orientation,  the  number  of 
different  orientations  presented  by  the  planes  will  be  strictly  determined 
by  the  remaining  components,  and  therefore  limited.*  ^s  the  component 
operations  of  the  given  group  which  affect  orientation  are  those  charac- 
teristic of  some  one  of  the  thirty-two  classes  of  crystal  symmetry,*  the 
number  of  orientations  presented  in  the  given  case  will  be  the  same  as  in 
such  class  ;  ^  i,e.,  there  will  be  as  many  infinite  sets  of  parallel  planes  as 
there  are  different  orientations.  The  planes  of  each  set,  since  they  have 
to  obey  the  translations  found  in  the  group,-  will  be  equidistant.  Among 
the  230  different  types,  there  are  many  in  which  it  is  possible  to  select 
from  the  set  of  planes  one  of  each  orientation  in  such  a  way  that  the 
planes  selected  enclose  a  space,  but  in  some  only  of  the  types  thus  charac- 
terised can  the  planes  be  so  chosen  as  to  outline  a  symmetrical  polyhedron 
whose  axes  are  axes  of  the  system  ;  for  the  remainder  centred  enclosures 
of  this  symmetrical  character  are  impossible.^ 

With  the  aid  of  the  above  conception  of  a  system  of  similar  planes  it 
is  not  difficult  to  verify  the  following  propositions  : — 

1.  The  application  of  an  additional  movement  or  enantiomorphous 
operation  to  a  group,  provided  the  system  of  axes,  planes  of  symmetry, 
and  other  features  essential  to  the  group  are  brought  to  coincidence 
{Deckung)  by  this  new  operation,  will  lead,  when  the  latter  is  completely 
combined  in  every  possible  way  with  those  previously  present,  to  the 
evolution  of  a  derived   Schonflies  group  of  operations.^    This  derived 

'  See  above,  p.  812.  The  direction  of  the  plane  is  not  to  be  a  specialised  one, 
except  so  far  as  premised  by  the  definition :  this  will  ensure  that  every  operation  of 
the  group  shall  effect  a  change  of  position  of  the  plane. 

'  See  Krystallsy Sterne  una  KrystalUtructxir,  pp.360  and  636,  and  Proposilion  (1) 
above. 

•  Cf.  KrygtalUyiteme  wnd  KrystdlUtructurt  pp.  361,  862. 

•  Ih.,  p.  363.     Cy.  Prop.  (6)  above. 

»  Cf.  lb.,  pp.  363-364,  599,  and  637. 

•  Cf.  Prop.  (7)  above  and  Phil.  Mag.,  1901,  series  6,  i.  p.  21.  As  is  the  case  in 
some  of  the  latter,  planes  inclined  at  180®  wiU  be  distinguished  from  one  another, 
the  two  sides  of  a  plane  being  discriminated 

»  QT.  p.  31.  As  all  the  existing  evidence  as  to  the  ultimate  relative  situa- 
tion of  crystal  faces  concerns  their  direction  only,  the  qaestion  whether  in  a  given 
system  of  similar  planes  regular  polyhedral  cells  are  present  or  not  does  not 
as  yet  affect  the  crystallographer. 

•  KrystaUsyiteme  und  KrystalUtmctur,  p.  383.  Schonflies  sums  up  his  method 
in  the  following  fundamental  proposition :  *  Lasst  sich  die  Panktgruppe  G  dutch 
Multiplication  einer  Qruppe  Gj  mit  einer  Operation  V  erzeugen  welche  das  Azen- 
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group,  as  compared  with  the  group  from  whioh  it  was  obtained,  will  in 
different  cases  present — 

a.  A  greater  number  of  orientations  of  the  planes  belonging  to  the 
derived  system. 

b.  The  same  number.  In  this  case  the  change  will  consist  solely  in  the 
increased  closeness  of  the  planes  of  a  set,  and  the  type  among  the  230, 
which  is  exhibited,  will  sometimes  be  different,  sometimes  the  same. 

The  converse  proposition  is — 

2.  The  withdrawal  of  some  operations  from  a  group,  entailing  the 
symmetrical  omission  of  some  of  the  sets  of  parallel  planes,  or  of  some  of 
the  planes  in  each  set,  leads  to  the  derivation  of  a  distinct  group  of 
operations.     There  will  in  different  cases  be — 

a.  Fewer  directions  of  orientation  for  the  planes  in  the  derived  group. 

fi.  The  same  number  of  directions,  associated  in  some  cases  with  the 
preservation  of  the  same  type,  in  some  cases  with  the  development  of  a 
different  type  among  the  230. 

As  a  simple  example  of  the  application  of  the  principles  established 
above  consider  the  hemimorphous  class  of  the  monoclinic  system.^  It 
possesses  an  axis  of  two-fold  symmetry,  which  in  the  space-group  may 
appear  as  an  axis  of  rotation  or  as  a  screw-axis.  Now,  in  the  monoclinic 
system  there  are  two  lattices  :  one  rhomboidal  and  the  other  composed  of 
rhomboidal  prisms  with  centred  faces.  We  obtain  two  groups  from  the 
former  by  combining  it  with  an  axis  of  rotation,  and  with  a  screw  axis  ; 
from  the  latter  we  obtain  only  one  group,  since  in  this  case  the  same 
group  is  derived  by  the  addition  of  either  set  of  axes. 

Like  Jordan's  groups,  those  traced  by  Schonflies  are  really  mere 
groups  of  geometrical  processes,  independent  of  the  nature  of  the  material 
system  concerned  ;  but  it  is  convenient  to  regard  the  processes  as  applied 
to  something  more  tangible.  Schonflies  himself  supplies  this  want  by 
introducing  the  conception  of  atomic  structure,  and  of  its  definite  par- 
titioning. Here  the  reader  must  beware  lest  the  nature  or  qonfiguration 
of  the  atoms  or  particles  themselves  be  confounded  with  the  nature  and 
distribution  of  the  structure  considered  with  respect  to  them,  and  lest  the 
possibilities  of  mere  geometrical  partitioning  be  confounded  with  those  of 
a  partitioning  into  conceivable  physical  units. ^ 

Schonflies  treats  his  work  of  discriminating  230  types  of  groups  of 
operations  (Raumgruppen)  as  preliminary  to  a  direct  application  of  his 
results  to  a  molecular  theory  of  matter,  which  he  sets  before  himself  from 
the  outset ;  the  reader  might,  therefore,  suppose  that  the  existence  of 
molecules  with  void  spaces  between  them  is  essential  in  order  that  the 
geometrical  derivation  of  the  230  types  may  be  applicable  to  crystals.' 
Thus  Schonflies  says  :  *  By  a  regular  assemblage  of  molecules  of  unlimited 
extent  is  understood  a  molecular  assemblage  infinitely  extended  in  all 
directions,  which  consists  entirely  of  similar  molecules,  and  possesses  the 
property  that  around  every  molecule  the  disposition  of  the  infinite  system 
formed  by  the  other  molecules  is  similar.'  ^     And  a  little  later  he  lays 

system  von  G,  in  sich  iiberfilhrt,  so  kann  jede  za  G  isomorphe  Baumgmppe  durch 
Haltiplication  einer  zu  G,  isomorphen  Gruppe  F,  mit  einer  zu  V  isomorphen  Opera- 
tion 8  erzengb  werden,  vorausgesetzt,  dass  8  eine  Deckoperation  fiir  die  Axen  von  r,  ist.* 

*  KryftalUysteme  und  Kryttallstructur,  p.  406. 
«  Of.  Min,  Mag.,  1896,  vol.  xi.p.  129. 

•  Kryitalltiygteme  und  Mrystall^votur,  p.  237,  *  Ihld.,  p.  239. 
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down  the  fundamental  hypothesis  that  '  a  homogeneous  crystal  displays 
the  property  that  around  every  point  in  its  interior  the  structure  is  that 
of  a  regular  assemblage  of  molecules  of  unlimited  extent.'  ^ 

This  way  of  stating  his  case  imparts  to  Schonflies'  extension  of  the 
methods  of  Jordan  and  Sohncke  a  somewhat  hypothetical  aspect,  and, 
perhaps,  obscures  the  fact  that  the  characteristic  symmetry  presented  by 
crystals  is  traceable  in  the  groups  of  movements  and  mirror-image 
operations  without  specifying  the  kind  of  structure  employed,  and  merely 
postulating  the  nature  of  its  homogeneity — i.e.,  the  type  which  it  presents. 

In  reality  his  work  is  not  based  on  an  assumption  as  to  the 
nature  of  the  regular  repetition  in  space  of  hypothetioBd  elements  in  a 
crystal,^  but  its  application  to  crystals  rests  on  the  assumption  that  the 
parallelism  between  the  properties  of  his  regular  configurations  and  the 
crystal  properties  is  due  to  a  common  cause ;'  in  other  words,  that  the 
arrangement  or  symmetrical  repetition  of  the  ultimate  parts  in  crystals  is 
that  characteristic  of  these  configurations.  Schonflies  endeavours,  in 
fact,  to  ascertain  what  special  suppositions  as  to  the  form  and  quality  o£ 
the  molecule  lie  at  the  root  of  all  theories  of  the  constitution  of  crystals, 
and  to  determine  what  further  consequences  are  implicitly  bound  up 
with  these  suppositions.^ 

The  atoms  and  molecules  of  SchSnflies  are,  properly  speaking,  mere 
cells  or  geometrical  space-elements,  into  which  a  homogeneous  structure 
is  divided  by  some  sort  of  symmetrical  partitioning,  the  symmetiy  or 
want  of  symmetry  attributed  to  the  former  being  in  reality  a  feature  of 
these  cells.  Schonflies  speaks  of  placing  molecules  in  cells  previously 
obtained  by  some  symmetrical  partitioning  of  space,  but  it  will  be  found 
that  their  individual  properties  are  those  of  the  cells,  and  are  not  neces- 
sarily adequately  descriptive  of  the  symmetry  of  bodies  contained  in  the 
cells  considered  irrespective  of  the  latter.  The  statement  that  the 
characteristic  symmetry  of  the  molecule  is  identical  with  the  symmetry  of 
the  cell  allotted  to  it  by  the  symmetrical  partitioning  would  not  be  true 
of  a  highly  symmetrical  physiccbl  molecule  put  into  a  cell  having  little  or 
no  symmetry. 

Schonflies  attaches  considerable  importance  to  the  idea  of  an 
elementa/ry  cell  {FundamenUUbereich)^^  which  he  introduces  in  chapter  xiii. 
of  the  second  part  of  his  work,  and  it  will  not  be  out  of  place  to  give  a 
word  or  two  of  explanation.^  He  shows  that  any  system  possessing  a  group 
of  operations  as  above  defined  may  be  divided  into  an  infinite  number  of 
contiguous  polyhedra,  which  are  all  similar  to  one  another,  and,  in 
general,  of  two  kinds,  the  polyhedra  of  one  kind  being  identical  with 
those  of  the  same  kind,  and  the  mirror-images  of  those  of  the  other  kind. 
Each  of  these  polyhedra  encloses  one  and  only  one  point  of  a  given  kind 
in  the  partitional  system,  round  which  point  matter  is  distributed  in  a 
given  manner.®  The  form  of  the  cell  is,  in  general,  indeterminate,  but  it 
is  subject  to  certain  conditions ;  it  cannot  be  cut  by  an  element  of 
symmetry  of  the  crystallised  body ;  if  it  possesses  a  plane  of  symmetry, 
this  plane  must  coincide  with  a  face  of  the  cell,  and,  further,  centres  and 
axes  of  symmetry  must  lie  on  the  surface  of  the  cell.^    From  any  one  of 

'  KrygtaZUysteme  imd  KTystallstmotur,  p.  239.  *  Ihid.^  p.  247. 

»  Ihid,,  pp.  248,  614.  *  IHd„  p.  559. 

*  The  following  discussion  of  the  subject  is  borrowed  from  an  interesting  paper 
on  <  Th6orie  des  anomalies  optiques,  de  Tisomorphisme  et  du  polymoiphisme/  by 
Fr6d.  Wallerant,  Bidl.  Soo,  Min.,  1898,  vol.  zxi.  p.  197  et-seq, 

•  KrygtalUytteme  und  Kryttallstructur,  p.  572.  '  Ibid,,  p.  573. 
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these  cells  the  remainder  can  be  found  by  means  of  the  group  of  opera- 
tions. Most  of  the  230  types  can  be  partitioned  into  space  units  which 
individually  possess  the  symmetry  of  the  system  as  a  whole.  When  this 
is  the  case,  a  finite  group  of  contiguous  elementary  ceUs  will  form  such  a 
unit  and  can  be  found  by  applying  to  one  of  them  certain  of  the  elements 
of  symmetry  which  lie  on  its  surface ;  a  symmetrical  space  unit  of  this 
kind  may  be  caUed  a  complex  cdL '  Other  complex  cells  possessed  of  less 
symmetry  can,  of  course,  be  formed.  Some  of  the  230  types,  while 
capable  of  being  partitioned  into  such  less  symmetrical  complex  cells 
cannot  be  partitioned  into  complex  cells  which  have  as  high  a  symmetry 
as  that  of  the  type.  For  example,  the  type  represented  by  the  Sohncke 
system  described  above  (fig.  5,  p.  314)  can  be  partitioned  into  cells  pos- 
sessing trigonal  axes  with  or  without  centres  of  symmetry  or  planes 
of  symmetry,  or  with  both,  but  its  cells  cannot  individually  possess  an 
hexagonal  axis. 

As  an  example,   take  the  case  of  the  hexagonal  space-lattice    of 

Fig.  9, 


^g.  2,  where  the  axes  are  axes  of  rotation  and  the  planes  of  symmetry 
are  planes  of  reflexion.  The  shape  of  the  bodies  placed  at  the  points  is 
ignored,  or  in  other  words  they  are  supposed  to  have  a  symmetry  which 
does  not  modify  that  of  the  system  of  arrangement.  The  points  H  in 
fig.  9  constitute  such  a  space- lattice.  In  this  figure  H2H4HgHg  corre- 
spond respectively  to  a,  y,  \  /3  of  fig.  6.  H^Hs  is  an  hexagonal  axis  of  rota- 
tion. Take  H]  as  the  origin  of  this  Bravais-system,  which  we  know  is 
a  perpendicular  prism  with  a  rhomb  of  60^  as  base.  All  the  rows  of 
the  system  parallel  to  H,H2  are  also  hexagonal  axes  of  rotation.  By 
combining  these  rotations  with  the  translations  of  the  system  we  see  at 
once  that  straight  lines  such  as  TiTq,  T3T4,  which  are  parallel  to  the 
hexagonal  axes  and  pass  through  the  centres  of  gravity  of  the  equi- 
latenJ  triangles  forming  the  bases  of  the  lattice,  are  trigonal  axes  of 
rotation ;  and,  again,  straight  lines  such  as  DjDa,  D3D4)  I^sDg)  ^7^81 
1^9^109  "^hich  pass  through  the  middle  points  of  the  rows  of  the  base,  are 
digonal  axes  of  rotation. 


*  XrystalUytteme  und  ErygtalUtruotur,  p.  676« 
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Six  planes  of  reflexion  pass  through  the  hexagonal  axis,  HiHg,  making 
angles  of  30°  with  one  another  (such  are  the  planes  H2H4H3,  HgHgHg, 
and  HgHgHy),  and,  parallel  to  these  planes,  there  must  be  throughout 
the  structure  a  series  of  equidistant  planes  of  reflexion. 

Further,  there  is  a  centre  of  symmetry  on  the  hexagonal  axis  ;  we  may 
suppose  it  to  coincide  with  H|,  since  this  was  arbitrarily  chosen.  All 
the  nodes  of  the  Bravais-system  are  such  centres  of  symmetry,  and 
in  addition  all  the  middle  points  of  the  rows,  i.e.,  all,  the  points  H,  D, 
and  O. 

Further,  the  presence  of  this  centre  combined  with  the  hexagonal  axis 
necessitates  the  existence  of  planes  of  reflexion  perpendicular  to  the  axis 
and  passing  through  the  centres,  and,  consequently,  separated  from  one 
another  by  0,H,,  half  the  parameter,  H2H,,  of  the  axis.  Also,  perpen- 
dicular to  each  of  the  planes  passing  through  the  hexagonal  axis  there  are 
a  series  of  diagonal  axes  of  rotation  passing  through  the  centres  of 
symmetry  lying  on  these  planes. 

Such,  then,  are,  in  the  case  in  question,  the  elements  of  crystalline 
symmetry  which  fill  space. 

The  elementary  cell  is  easily  determined,  since  the  elements  of 
symmetry  must  lie  on  its  surface  ;  it  is  the  right  prism  with  triangular 
base  OiOjTHiDiT,,  which  has  its  bases  in  two  principal  planes ;  its 
edges  are  a  hexagonal  axis  H^O],  a  trigonal  axi^  T1T2,  and  a  digonal  axis 
D1O2  ;  its  side  faces  are  three  planes  of  symmetry  ;  the  four  comers 
H„  D„  O2,  Oi,  are  centres  of  symmetry,  but  the  corners  TTj,  situated  on 
the  trigonal  axes,  are  not  centres. 

To  obtain  the  complex  cell  we  must  apply  to  the  fundamental  cell  the 
appropriate  elements  of  symmetry — i.e.,  in  this  c&se  the  hexagonal  axis 
and  two  planes  of  symmetry,  OiOaHjD,  and  HjDiTi — whence  we  obtain 
a  right  prism  with  hexagonal  base  whose  edges  are  the  trigonal  axes,  i.e., 
the  cell  of  fig.  3. 

(By  taking  another  set  of  the  primary  elements  of  symmetry  another 
complex  cell  will  be  obtained.) 

A  corresponding  crystalline  structure  will  be  obtained  by  furnishing 
each  elementary  cell  in  a  similar  manner  with  contents  of  any  nature. 

Fedcroiv, 

As  has  been  said  above,  the  230  types  of  crystal  structure  were  inde- 
pendently established  and  investigated  by  E.  von  Fedorow. 

The  researches  of  this  author  which  relate  to  the  subject  of  crystal 
structure  begin  in  the  year  1885  with  a  general  treatise  on  the  *  Theory 
of  Figures,'  published  (in  Russian)  with  copious  illustrations  in  the  *  Trans- 
actions of  the  Russian  Mineralogical  Society,'  xxi.  pp.  1-279  :  this  was 
followed  in  1888  by  a  memoir  on  the  *  Symmetry  of  Finite  Figures,'  pub- 
lished (in  Russian)  in  the  same  journal,  xxv.  pp.  1-52,  and  by  one  on  the 
*  Svmmetry  of  Regular  Systems  of  Figures,'  published  (in  Russian)  in 
1890. 

The  above  are  not  only  among  the  earliest  treatises  on  these  subjects, 
but  they  contain  also  almost  all  that  is  essential  in  the  author's  later 
development  of  it,  and  some  results  that  have  been  independently  pub- 
lished by  other  investigators  to  whom  his  Russian  papers  were  not  known. 
An  abstract  of  some  of  the  early  papers  was  given  by  Wulff  ^  and  by 
Fedorow  himself.^ 

»  ^tf.  Kryst.  Min.f  1890,  vpL  xrii,  p.  610,  *  /?>.,  1893,  vol.  xxi,  p,  679. 
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Fedorow  first  established  the  principle  that  in  a  symmetrical  figure 
the  symmetry  must  be  one  or  more  of  the  following  sorts  :  axis  of  sym- 
metry, plane  of  symmetry  and  a  combination  of  the  two,  or  composite 
symmetry  (i.e..  Curie's  alternating  symmetry)  ;  in  a  regular  system  of 
figures,  on  the  other  hand,  supposed  infinitely  extended,  two  more  general 
elements  of  symmetry  are  also  possible — namely,  a  screw  axis  and  a 
glide-plane  of  symmetry ;  repetition  about  a  screw  axis  consists  of  a 
rotation  combined  with  a  translation  along  the  axis ;  repetition  about 
a  glide-plane  consists  of  reflexion  combined  with  a  translation  parallel  to 
the  plane.  The  elements  of  symmetry  in  a  finite  figure  are  simply  special 
cases  of  the  latter  in  which  the  translations  are  zero. 

Like  Hessel,  Fedorow  investigated  first  the  symmetry  of  finite  solid 
figures  in  general  and  then,  by  limiting  the  problem  by  a  condition 
equivalent  to  the  law  of  rational  indices,  deduced  the  thirty  two  kinds  of 
symmetry  possible  for  crystals.  His  method  consists  practically  in  com- 
bining any  two  of  the  possible  elements  and  ascertaining  to  what  other 
elements  they  give  rise  :  e,g.^  two  axes  of  digonal  symmetry  inclined  at 
45°  give  rise  to  the  axes  of  a  trapezohedral  tetragonal  crystal ;  the  total 
group  constitutes  a  *  Symmetrie  art '  or  *  class.' 

Two  classes  are  different  when  in  one  of  them  an  axis  (or,  in  general, 
a  symmetry  element)  is  present  which  is  absent  from  the  other,  or  occu- 
pies a  position  which  it  does  not  occupy  in  the  other.  Such  a  class, 
therefore,  corresponds  to  a  *  group  of  operations*  in  the  language  of 
Schonflies. 

A  special  feature  of  Fedorow*s  researches  is  his  analytical  expression 
of  the  symmetry  ;  this  is  described  in  the  second  of  the  above-mentioned 
memoirs.  In  this  method  a  point  is  denoted  by  an  indefinite  number  of 
coordinates  (although  three  are  suflBcient) — namely,  the  intercepts  made 
upon  all  the  axes,  derived  by  the  symmetrical  repetition  of  one  coordi- 
nate axis,  by  planes  drawn  perpendicular  to  them  through  the  given 
point. 

Thus,  if  an  axis  of  p-fold  symmetry  be  taken  as  one  coordinate  axis  y, 
and  a  line  perpendicular  to  it  as  a  second  coordinate  axis  2/0*  ^^^^  repeti- 
tion of  yo  about  y  gives  p — 1  other  coordinate  axes,  y„  yj,  <kc.  A  point 
whose  coordinates  are  y=&,  yo=^n)  y\=^^''  then  gives  rise  to  a  sym- 
metrical set  of  points  y=6,  yQ^b„  yi=6,+i,  where  a  may  have  the 
different  values  0,  1,  2  .  .  .  /?— 1.  By  means  of  equations  of  this  nature, 
containing  also  appropriate  symbols  for  repetition  about  the  planes  of 
symmetry,  the  various  sorts  of  symmetry  of  figures  or  of  regular  systems 
of  figures  are  deduced  and  expressed.  The  method  by  which  they  are 
deduced  consists  practically  in  seeking  all  the  possible  combinations  of 
the  elements  of  symmetry  which  are  not  incompatible  with  each  other. 

In  the  first  memoir,  which  deals  only  with  the  symmetry  of  finite 
figures,  after  establishing  all  the  possible  varieties  of  regular  polyhedra 
and  classifying  them  as  isogons  (which  have  similar  or  symmetrical  edges), 
and  isohedra  (which  have  similar  or  symmetrical  faces),  and  having  shown 
that  there  are  eighteen  sorts  of  typical  isohedra,^  Fedorow  investigates 
their  symmetry  according  to  the  principle  that  each  class  (Symmetrie  art) 
corresponds  to  certain  typical  isohedra,  and,  conversely,  that  when  all 
the  typical  isohedra  are  known  the  various  classes  of  symmetry  can  be 
deduced  from  them.     Crystal  polyhedra  are  treated  as  special  cases. 

'  A  typical  isohedron  is  the  ffgnre  derived  from  a  polyhedron  by  moving  its  faces 
parallel  to  themselTes  nntil  they  all  tonch  one  and  the  same  sphere. 
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The  second  part  of  the  memoir  considers  the  regular  partitioning  of  a 
plane,  and  of  space,  and  the  nature  of  zonohedra,  or  figures  whose  faces 
intersect  in  parallel  edges,  and  shows  that  there  are  six  kinds  of  zono- 
hedra.  [Here  also  the  author  lays  down  the  principles  of  simple  elonga- 
tion {Zug)  and  Shear  ( Ver8chiebung\  and  shows  that  any  parallelepiped 
may  be  transformed  into  any  other  by  these  two  processes.  These 
principles  are  chiefly  of  importance  in  Fedorow's  development  of  his  own 
theory  of  crystal  structure,  and  of  his  methods  of  calculation.] 

With  regard  to  the  partitioning  of  space,  it  is  shown  that  space  may 
be  filled  either  by  equal  figures  ranged  parallel  to  one  another  ;  these  are 
called  *  parallelohedra ' ;  or  by  polyhedra,  which,  while  equal  or  symmetri- 
cally similar,  are  not  necessarily  parallel ;  these  are  called  '  stereohedra.' 

The  plane-faced  parallelohedra  are  bounded  by  pairs  of  parallel  faces 
(i.e.,  they  possess  centro-sjrmmetry),  and  their  arrangement  is  necessarily 
that  of  a  space- lattice.  There  are  four  sorts  of  such  parallelohedra, 
namely,  those  with  three,  four,  six,  or  seven  pairs  of  parallel  faces  ;  and 
the  filling  of  space  with  these  corresponds  to  the  close  packing  of  spheres 
which  are  in  contact  with  six,  eight,  twelve,  or  eight  neighbouring  spheres 
respectively.  Fedorow's  most  general  sort  of  parallelohedron,  t£e  fourth 
of  those  mentioned  above,  the  '  heptaparallelohedron,'  is  identical  with 
the  '  tetrakaidekahedron '  subsequently  and  independently  established  by 
Lord  Kelvin  as  the  most  general  parallel-faced  cell  into  which  space  can 
be  regularly  partitioned  ;  ^  its  superficial  area  is,  as  was  shown  by  both 
authors,  a  minimum  for  a  given  volume. 

When  space  is  partitioned  into  differently  orientated  identically 
similar  plane-faced  stereohedra,  these  may  always  be  grouped  together  into 
sets,  such  that  each  set  is  a  pandlelohedron  ;  further,  the  analogous  points 
of  the  stereohedra  constitute  a  regular  point-system,  just  as  the  analogous 
points  of  the  parallelohedra  constitute  a  space-lattice.  Here,  then, 
we  have  a  statement  of  the  fact  that  the  points  of  a  regular  point- 
system  can  always  be  grouped  into  clusters  whose  arrangement  is  a  space- 
lattice. 

As  will  be  seen  hereafter,  this  conception  of  parallelohedra,  as  opposed 
to  stereohedra,  forms  the  basis  of  Fedorow's  own  theory  of  crystal 
structure. 

The  last  section  of  the  memoir  is  occupied  with  the  consideration  of 
polyhedra  with  concave  faces,  or  *  koilohedra.' 

In  his  second  treatise,  that  dealing  with  regular  systems  of  figures,' 
the  problem  of  crystal  structure  is  more  directly  approached.  A  regular 
system  of  figures  is  defined  as  consisting  of  an  infinite  assemblage  of  finite 
figures,  such  that  when  any  two  of  them  are  made  to  coincide  by  one  of 
the  processes  of  symmetrical  repetition  (including  herein  the  mirror-image 
repetition  to  be  mentioned  presently)  the  whole  system  coincides  with 
itself  again.  This  is,  of  course,  practically  the  same  as  the  definition  of 
Schonflies,  and  must  lead  to  the  same  results. 

If  any  point  in  one  of  the  figures  be  chosen,  and  the  homologous 
points  in  all  the  figures  of  the  system  be  sought,  the  whole  complex  con- 
stitutes a  regular  point-system. 

Those  point-systems  in  which  only  repetition  about  axes  (screw  or 
other)  or  simple  translation  is  involved  correspond  to  Sohncke's  systems, 

»  Proc.  Hoy,  Soc.,  1894,  Iv.  p.  1.    See  also  PhU.  Mag.,  1887,  xxiv.  p.  503. 
'  See  for  a  short  account  ^U,  Eryst.  Min.,  1892,  vol.  xz.  pp,  S9-62, 
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and  are  called  '  simple  * ;  the  remainder  may  be  regarded  as  consisting  of 
two  '  analogous '  systems,  the  one  the  mirror  image  of  the  other,  and  are 
called  '  double  systems.' 

The  systems,  as  a  whole,  are  divided  into  three  groups  :  (1)  Symmor- 
phous,  whose  elementary  figures  possess  the  same  class  of  symmetry  as  the 
system  itself;  (2)  hemisymmorphous,  consisting  of  two  analogous 
symmorphous  simple  systems,  which  together  make  up  a  *  double  system,' 
the  latter  itself  not  being  symmorphous  ;  (3)  asymmorphous.  In  the  first 
class  all  the  elements  of  symmetry  meet  in  a  point  within  each  figure  ;  in 
the  second  class  only  the  symmetry  axes  meet  in  a  point ;  in  the  third  class 
none  of  the  elements  of  symmetry  meet  in  a  point ;  here,  consequently, 
adjacent  figures  are  differently  orientated. 

Fedorow  first  proves  that  the  classes  of  symmetry  of  the  regular  sys- 
tems of  figures  are  only  special  cases  of  the  classes  of  symmetry  of  the 
finite  figxures,  and  that  it  is  possible  to  have  several  regular  systems 
belonging  to  the  same  class  of  symmetry. 

The  classes  of  symmetry  are,  of  course,  thirty-two  in  number ;  they 
are  limited  by  virtue  of  the  fact  that  the  axes,  whether  symmetry  ax^, 
screw  axes,  or  axes  of  composite  (alternating)  symmetry,  can  only  be  two- 
fold, three-fold,  four-fold,  or  six-fold. 

The  definition  of  the  regular  partitioning  of  space  given  by  Schonflies  ^ 
is  practically  identical  with  that  given  by  Fedorow  in  his  *  Elements  of 
Figures'  in  1885  :  *A  division  of  space  into  absolutely  similar  cells  in 
which  each  cell  is  surrounded  in  the  same  way  by  the  remainder.'  If  in 
a  regular  system  of  figures  all  the  figures  dilate  uniformly  until  they 
come  into  contact,  the  system  is  converted  into  one  of  cells  regularly 
partitioning  space.  A  noteworthy  property  of  the  'elementary'  or 
minimum  cells  is  that  the  axes  and  planes  of  symmetry  of  the  system 
cannot  pass  through  them,^  but  must  lie  in  their  surfaces ;  in  other 
respects  unless  bounded  on  all  sides  by  planes  of  symmetry  their  actual 
form  is  quite  arbitrary. 

Here,  again,  Fedorow  introduces  the  classification  mentioned  above : 
(1)  Symmorphous  systems  have  the  same  symmetry  as  their  cells  ;  here 
the  ceUs  are  parallelohedra,^  and  therefore  arranged  in  parallel  positions  ; 
e.g,,  an  arrangement  of  parallel  cubes;  (2)  hemisymmorphous  systems, 
which  only  have  the  elements  of  simple  translation  and  rotation  in 
common  with  the  constituent  cells  ;  e.g,,  the  triangular  prisms  of  fig.  1 ; 
here  the  parallelohedron  (rhombic  prism  of  60°)  is  composed  of  two 
'  analogous '  stereohedra  (two  triangular  prisms) ;  (3)  asymmorphous 
systems  in  which  the  parallelohedra  are  indeterininate  and  not  neces- 
sarily closed  polyhedra. 

Now  a  parallelohedron  possesses  a  centre  of  symmetry  (centre  of 
inversion),  and  if  it  is  a  convex  figure  this  centre  lies  within  it ;  if,  on 
the  other  hand,  it  is  concave,  the  centre  lies  without  it.  Further,  in 
every  convex  parallelohedron  the  faces  are  only  parallel  and  equal  in 
pairs;  and  there  are  only  four  sorts  of  parallelohedra,  namely,  those 

'  ^^achr.  d.  k.  Oe»,  d,  Wiss.,  Gottingen,  1888,  ix.  p.  223.  «  See  above,  p.  326. 

•  Like  Hauy*s  moUoulet  soustraotives  Fedorow's  parallelohedra  are  mere  geo- 
metrical entities,  and  in  many  cases  the  grouping  of  the  stereohedra  which  produces 
them  has  to  be  very  arbitrary.  The  same  stereohedra  can  in  all  cases  be  grouped 
to  form  parallelohedra  in  an  infinite  number  of  ways.  The  parallelohedra  w^  often 
have  re-entrant  angles  even  if  the  angles  of  the  stereohedra  of  which  they  are  com- 
posed are  all  salient. 
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mentioned  above,  which  possess  respectively  three,  four,  six,  and  seven  such 
pairs  of  faces. 

The  following  example  illustrates  the  principles  described  above,  and 
is  of  special  interest  as  representing  a  type  consistent  with  the  symmetry 
of  the  mineral  dioptase  which  first  led  to  an  extension  of  Sohncke's 
theory.  This  mineral  possesses  an  axis  of  trigonal  combined  with  a 
centre  of  symmetry,  its  faces  always  occurring  in  sets  of  six,  which  are 
all  alike,  and  consist  of  three  pairs  of  parallel  faces.  (The  symmetry 
may  equally  well  be  described  as  due  to  the  operation  of  an  hexagonal 
axis  of  alternating  symmetry.) 

Fig.  10  represents  a  system  of  stereohedra  arranged  in  accordance 
with  this  symmetry:  the  stereohedra  are  of  two  sorts  (R  and  L),  one  sort 
being  the  mirror- image  of  the  other ;  the  structure  is  symmorphous. 
A  series  of  points  similarly  situated,  one  within  each  stereohedron 
R,  would  constitute  a  Sohncke-system  :  a  *  double  system  *  of  points  is 
obtained  by  adding  a  series  similarly  situated,  one  within  each  stereo- 
hedron L.     The  figure  also  shows  the  manner  in  which  the  stereohedra 

Fig.  10.» 


can  be  grouped  in  sets  of  six  to  form  parallelohedra,  which  in  this  case 
are  rhombohedra.  Consequently  a  rhombohedral  partitioning  of  space  is 
consistent  with  the  given  type  of  symmetry. 

From  the  principles  laid  down  in  the  memoirs  mentioned  above, 
Fedorow  is  able  to  deduce  all  the  possible  types  of  symmetry  which 
characterise  either  homogeneous  systems  of  figures,  or  homogeneous 
systems  of  points,  or  the  homogeneous  partitioning  of  space. 

They  are  230  in  number,  and  are  identical  with  those  established 
independently,  as  stated  above,  by  Schon  flies. 

Fedorow's  theory  of  crystal  structure,  which  is  based  upon  his 
parallelohedra,  will  be  considered  later. 

Barlow. 

The  result  attained  by  Fedorow  and  Schonflies,  that  homogeneous  struc- 
tures, if  classified  by  their  symmetry,  can  be  distinguished  not  only  into 
thirty -two  classes  but  into  230  kinds  which  belong  to  these  thirty-two 

*  The  stereohedra  are  shown  in  the  figure  slightly  drawn  apart  to  make  the 
arrap^ement  clearer,  but  in  fact  they  ^U  space  without  interstices, 
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classes,  was  arrived  at  by  William  Barlow  ^  by  a  somewhat  different 
reasoning. 

The  sixty-five  point-systems  of  Sohncke  are  of  two  sorts  :  some  of  them 
are  identical  with  their  own  mirror-images  and  some  are  not.  Further,  there 
are  some  very  simple  homogeneous  structures  which  are  not  ftdly  repre- 
sented among  Sohncke's  systems.    An  example  will  be  given  directly. 

Barlow  designates  the  identical  symmetrical  repetition  of  parts  through- 
out space,  as  investigated  by  Jordan  and  Sohncke.  by  the  title  *  homo- 
geneous structure,*  and  his  definition  of  such  a  structure  is  very  similar  to 
that  given  by  Fedorow  of  a  regular  system  of  figures.  He  shows  that  the 
point-systems  obtained  by  taking  all  the  homologous  points  in  such  a 
structure  are  Sohncke's  point-systems,  and  that  every  such  structure  is 
capable  of  the  coincidence-movements  of  some  one  of  Sohncke's  sixty-five 
systems  and  of  no  other. 

Suppose,  for  example,  a  number  of  equal  cubes  to  be  stacked  together 
in  the  most  regular  manner,  and  let  any  geometrical  point  be  taken  within 
one  of  the  cubes.  There  are  within  this  cube  twenty- three  other  points,  at 
the  same  distance  from  its  centre  as  the  first,  which  have  identically  ^  the 
same  relation  to  the  whole  stack,  so  that  the  latter  presents  the  same 
aspect  when  viewed  from  any  one  of  the  twenty-four  points. 

These  twenty-four  points  constitute  a  Sohnckian  24-punktner,  and  when 
corresponding  points  are  taken  in  all  the  cubes  Sohncke's  system  59  is 
obtained. 

By  a  method  of  developing  structures  of  higher  symmetry  from  those 
of  lower  symmetry.  Barlow  obtains  a)l  Sohncke's  sixty-five  sets  of  coin- 
cidence-movements, and  points  out  that  corresponding  to  each  of  these 
sixty -five  systems  is  a  class  of  homogeneous  structure  which  is  not  identical 
vnth  its  own  mirror-image.  He  then  remarks  that  the  additional 
property  of  identity  with  mirror  image  can  be  displayed  by  homogeneous 
structures  in  a  definite  number  of  different  ways,  and  that  this  enables 
us  to  distinguish  other  types  of  symmetry  besides  the  sixty-five  types 
established  without  this  property. 

For  example,  let  a  line  be  drawn  from  each  point  of  one  of  the 
24-point  groups  above  described  through  the  nearest  cube-centre,  and 
prolonged  to  an  equal  distance  on  the  opposite  side.  The  twenty-four 
points  thus  obtained,  together  with  all  similar  points,  constitute  a  second 
Sohncke-system  which  is  the  mirror  image  of  the  first ;  from  each  of  them 
the  aspect  of  the  structure  as  a  whole  is  the  mirror-image  of  its  aspect 
from  any  one  of  the  first  set.  The  two  together  represent  fully  the  true 
symmetry  of  the  stack  of  cubes,  which  is  thus  shown  to  possess  a  higher 
symmetry  than  the  simple  Sohncke-system  derived  from  it. 

If,  now,  space  is  to  be  filled  with  similar  unsymm^etrical  cells,  instead 
of  cubic  cells,  one  such  cell  must  enclose  each  of  the  fi  ret  system  of  pointc, 
and  another  which  is  its  mirror-image  must  similarly  enclose  each  of  the 
second  system  of  points.  In  the  original  paper  the  diagrams  of  symme- 
trical partitioning  which  are  introduced  make  this  conclusion  easier  to 
follow.      The  cells  clearly  correspond  to  the   Fundanientalbereiche    of 

*  *  Ueber  die  geometrischen  Eigensohaftcn  horaogener  starrer  Structaren  nnd  ihre 
Anwendnng  auf  Krystalle/  Zeits,  Kry$t,  Min.,  1834,  vol.  xxiii.  pp.  1-63;  and  1895 
XXV.  p.  86.  ' 

«  Points  having  a  mirror-image  relation  to  the  point  oeleoted  are  not  here  taken 
into  consideration. 
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Schonflies,   and  must,  as  stated  above,  contain  on  their  walls  all  the 
elements  of  symmetry  of  the  structure. 

The  double  system  just  obtained  might  have  been  constructed  in  another 
way.  Thus,  draw  a  line  from  each  point  of  the  24-punktner  perpendi- 
cular to  a  plane  of  symmetry  of  the  structure,  and  produce  it  to  an  equal 
distance  on  the  opposite  side  ;  the  system  so  obtained  is  identical  with 
that  previously  obtained  by  the  employment  of  centres  of  symmetry. 

A  homogeneous  structure  consisting  of  material  of  any  sort  or  shape 
which  contains  points  of  two  kinds  like  the  above  is  identical  with  its 
mirror-image. 

All  the  possible  types  of  homogeneous  structures  are  constructed  in 
the  following  way.  Take  a  Sohncke  point-system  and,  where  possible, 
insert  into  it  the  mirror-image  of  itself  (i.e.,  the  enantiomorphous  Sohncke- 
system)  in  such  a  way  that  the  coincidence-movements  of  the  two  coincide 
(e.g.,  the  Sohncke-system  obtained  from  R  of  fig.  10,  combined  with  that 
obtained  from  L). 

The  two  constituent  systems  are  then  related  to  each  other  in  one  or 
more  of  three  modes,  either  (1)  across  a  centre  or  centres  of  symmetry  so 
that  they  are  oppositely  orientated  in  every  direction,  or  (2)  across  a  plane 
or  planes  of  either  ordinary  or  gliding  symmetry,  or  (3)  they  are  opposed 
to  each  other  with  reference  to  one  direction  and  are  at  the  same  time 
orientated  at  right  angles  to  each  other. 

His  third  mode  is  in  reality  the  method  of  repetition,  used  by 
Fedorow,  Schonflies,  and  Curie,  which  has  an  axis  of  alternating 
symmetry  ;  Barlow  employs  it  only  in  the  case  of  the  tetartohedral 
symmetry  of  the  tetragonal  system  because  the  other  types  which  possess 
symmetry  of  this  nature  possess  also  the  symmetry  of  one  of  the  other  two 
modes,  and  have  therefore  been  already  found. 

By  applying  these  three  modes  of  duplication  to  Sohncke's  sixty-five 
systems.  Barlow  deduced  the  same  230  types  of  symmetry  which  were 
distinguished  by  Fedorow  and  Schonflies. 

The  table  of  the  165  additional  systems  given  by  Barlow  has  this  advan- 
tage, that  it  distinguishes  clearly  the  enantiomorphous  systems  from  those 
which  possess  mirror-image  symmetry,  and  shows  the  mutual  relations 
of  the  two  enantiomorphous  systems  of  which  a  double  system  consists, 
and  further  indicates  the  exact  position  of  some  of  the  centres  and 
planes  of  symmetry  in  the  structure. 

Points  of  the  structure  which  lie  at  these  centres  or  upon  axes  or 
planes  of  symmetry  (*  singular  points '  of  Barlow)  are  clearly  less  numerous 
than  any  other  sets  of  homologous  points  in  the  structure.  In  the  stack 
of  cubes,  for  example,  the  centres  of  the  cubes  are  less  numerous  than  the 
most  general  sorts  of  homologous  points  within  the  cubes.  As  explained 
above,  there  are  two  sets  of  twenty-four  points  each  surrounding  each 
centre ;  it  is  evident,  therefore,  that  the  least  symmetrically  situated 
points  are  no  less  than  forty-eight  time?  as  numerous  as  the  centres. 

Barlow's  theory  of  crystal  structure,  which  is  based  upon  the  principle 
of  close-packing,  will  be  considered  later. 

Any  account  of  the  geometrical  theories  of  crystal  structure  which 
omitted  reference  to  the  important  work  of  Lord  Kelvin  would  be  very 
incomplete.  This  author  has  investigated  the  problem  of  the  homo- 
geneous partitioning  of  space,  and,  as  was  mentioned  above,  established 
independently  the  tetrakaidekahedron  (Fedorow's  heptaparallelohedron) 
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as  the  most  general  form  of  cell  belonging  to  such  partitioning.    The 
fourteen  walk  of  this  cell  are  not  necessarily  plane.* 

Most  of  his  papers  cited  below  relate  to  the  equilibrium  of  molecular 
systems,  and  will  therefore  be  more  properly  considered  later  in  con- 
nection with  that  branch  of  the  subject.  A  di&cussion  of  the  relation  < 
ship  between  the  three  aspects  of  the  problem  of  crystal  structure — 
namely,  homogeneous  assemblages  of  points,  partitioning  of  space,  and 
close  packing  of  similar  bodies— forms,  however,  an  important  part  of 
the  'Boyle  Lecture'  published  in  1894.^ 

The  assemblages  of  points  considered  by  Bravais  and  Sohncke  may  be 
replaced  by  solid  bodies  in  contact  with  each  other,  or  by  close-fitting 
cells ;  so  also,  in  the  more  general  case,  the  Fundamentalbereiche  of 
Schdn£ies  may  be  occupied  by  points,  by  solid  bodies,  or  by  portions  of 
solid  bodies.  Lord  Kelvin  considers  these  problems  on  the  basis  of  the 
Bravais  assemblage,  and  treats  very  fully  of  the  partitioning  of  space 
into  identical  sameway-orientated  cells.  His  definition  of  homogeneity  is 
therefore  more  limited  than  that  of  the  writers  subsequent  to  Bravais. 
Thus  he  says  :  '  The  homogeneous  division  of  any  volume  of  space  means 
the  dividing  of  it  into  equal  and  similar  parts,  or  cells,  all  sameways- 
oriented.  If  we  take  any  point  in  the  interior  of  one  cell  and  corre- 
sponding points  of  all  the  other  cells,  these  points  form  a  homogeneous 
assemblage  of  single  points,  according  to  Bravais'  admirable  and  import- 
ant definition.  The  general  problem  of  the  homogeneous  partition  of 
space  may  be  stated  thus :  Given  a  homogeneous  assemblage  of  single 
points,  it  is  required  to  find  every  possible  form  of  cell  enclosing  each  of 
them  subject  to  the  condition  that  it  is  of  the  same  shape  and  sameways- 
oriented  for  all.' ' 

The  manner  in  which  the  physical  and  morphological  properties  of  a 
substance  may  be  represented  by  a  geometrical  cell-partitioning  is 
illustrated  by  Lord  Kelvin's  elegant  model  of  quartz  described  in  the 
Boyle  Lecture.^ 

Among  the  systems  studied  by  Lord  Kelvin  are  those  of  atoms  endued 
with  inertia  and  held  in  equilibrium  by  Boscovichian  attractions  and 
repulsions.^  As  a  possible  structure  for  an  ice  crystal,  for  example,  com- 
peted of  Boscovichian  atoms,  according  to  this  principle,  a  system  is 
proposed  consisting  of  two  interpenetrating  space-lattices  of  rhombohedral 
symmetry.® 

William  Barlow,  again,  in  a  paper  entitled  '  A  Mechanical  Cause  of 
Homogeneity  of  Structure  and  Symmetry  geometrically  investigated,'  ^ 
has  given  numerous  examples  of  the  manner  in  which  stacks  of  close- 

'  *  On  Homofreneous  Division  of  Space.*  Proc.  Hoy.  Soc,  1804,  Iv.  pp.  1-16 ;  •  On 
the  Division  of  Space  with  MinimTira  Partitional  Area/  Phil.  Mag.,  1887,  ser.  6,  xxiv. 
pp.  503-614  J  •  The  Molecular  Constitution  of  Matter,*  Proc.  Roy.  Soc.  Edin.,  1889, 
xvi.  pp.  693-724. 

■  •  The  Molecular  Tactics  of  a  Crystal,*  The  Second  Boyle  Lecture,  1894,  Oxford. 

•  Proc.  Hoy.  Son.,  1894,  Iv.  p.  1. 

*  P.  62.  Cf.  also « Piezo-electrio  Property  of  Quartz,'  Phil.  Mag.,  1893,  ser.  6, 
xxxvi.  pp.  331-340. 

*  *  The  Elasticity  of  a  Crystal  according  to  Boscovich,'  Phil  i/izy.,  1893,  ser.  6, 
xxxvi.  pp.  414-430,  and  Proc.  Boy.  Soc,  1894,  liv.  pp.  59-76. 

•  *  On  the  Molecular  Dynamics  of  Hydrogen  Gas,  Oxygen  Gas,  Ozone,  Peroxide  of 
Hydrogen,  Vapour  of  Water,  Liquid  Water,  Ice,  and  Quartz  Crystal,*  Pevort  Brit, 
Assoc.,  1896,  pp.  721-724. 

»  Proc.  ntry,  Duh.  Soc.,  1897,  viii.  pp.  627-690. 
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packed  spheres,  either  equal  or  of  t\ro  or  three  different  sizes  (repre^ 
senting  the  atoms),  may  be  constructed  so  as  to  possess  the  symmetry  of 
many  holohedral,  hemihedral,  or  tetartohedral  crystals,  and  to  be  in 
harmony  with  their  physical  properties.^ 

Among  recent  writers  mention  should  be  made  of  C.  Viola.  He  has 
employed  the  method  of  quarternions  to  derive  the  thirty-two  classes  of 
crystal  symmetry  ^  and  has  also  given  an  elementary  exposition  of  these 
classes  based  upon  the  planes  of  symmetry.^  In  a  recent  paper*  he 
questions  the  ultimate  validity  of  the  law  of  rational  indices. 

It  is  sufficient  here  to  point  out  that  all  the  systems  devised  by  Kelvin, 
Barlow,  Turner,  Sollas  and  others,  being  homogeneous  arrangements, 
must  correspond  geometrically  to  one  or  other  of  the  230  types  of 
Schonflies  and  Fedorow,  and  must  all,  as  to  their  symmetry,  be  ultimately 
reducible  to  a  certain  number  of  interpenetrating  space-lattices.  As  they 
go  beyond  the  geometry  of  the  subject  their  consideration  is  postponed 
for  the  present. 

Summary, 

With  the  establishment  of  the  230  types  of  structure  the  purely 
geometrical  study  of  the  problem  seems  to  have  attained  something  like 
linality.  The  history  of  its  development,  as  sketched  above,  is  the  history 
of  an  attempt  to  express  geometrically  the  physical  properties  of  crystals, 
and  at  each  stage  of  the  progress  an  appeal  to  their  known  morphological 
properties  has  driven  the  geometrician  to  widen  the  scope  of  his  inquiry 
and  to  enlarge  his  definition  of  homogeneity  in  order  that  it  may  include 
types  of  symmetry  which  did  not  fall  within  the  more  restricted  defini^ 
tion.  The  necessity  of  explaining  hemihedrism  led  to  the  system  of 
Sohnoke  ;  the  necessity  of  accounting  for  the  known  symmetry  of  dioptase 
led  to  the  further  extension  of  Sohncke's  principles. 

The  two  most  satisfactory  features  of  the  tinal  geometrical  solution  of 
the  problem  are  the  following  :  (1)  A  single  principle — namely  homo- 
geneity according  to  the  wider  definition — is  sufficient  to  account  for  the 
two  leading  characteristics  of  crystals,  their  aeolotropism,  and  the  law  of 
rational  indices.  (2)  The  lines  are  now  laid  down  within  which  specula- 
tion concerning  the  actual  structure  of  any  crystallised  substance  can 
range. 

There  are  three  problems  to  be  solved  in  explaining  the  structure  of 
crystals  :  (1)  What  are  the  parts  of  which  a  crystal  consists  ?  (2)  How 
are  they  arranged  ?  (3)  Why  are  they  arranged  in  this  particular 
way? 

We  have  now  good  reason  to  believe  that  a  partial  answer  has  been 
found  to  the  second  question,  and  that  whatever  may  be  the  parts  of 
which  a  crystal  consists  they  must  be  arranged  according  to  one  or  other 
of  the  230  types  of  symmetry  ;  Sohncke  systems  and  Bravais  space- 
lattices  are,  of  course,  special  cases  of  these. 

*  Compare  also  A.  Turner,  Dcls  Problem  der  KryatallUation,  Leipzig,  1897,  and 
"W.  J.  Sollas  *  On  the  Intimate  Strccture  of  Crystals,'  Proc,  Roy,  Sac.,  1898,  IxiiL 
pp.  270-300;  1901,  Ixvii.  pp.  493-196. 

'  Ueber  die  Symmetrie  der  Krystalle  und  Anwendung  der  Quatemionrechnung, 
J^'eiies  Jahrb.y  1896,  Beilage  Bd.  x.  pp.  495-532. 

*  Elementare  Dar.-tellung  der  32  Krystallklasse,  ^eits,  Kryst,  Min,,  1897,  xxvii. 
pp.  1-40. 

*  Zur  BegiUndung  der  Krystallsymmetrien,  ''lid.,  1901,  xxativ.  pp.  353-388. 
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It  is  true  that  by  placing  suitable  bodies  (molecules  endowed  with 
certain  symmetry)  at  the  nodes  of  a  space-lattice  all  the  properties  of  a 
crystal  may  be  accounted  for,  but  there  seems  no  sufficient  reason  for 
limiting  the  problem  in  this  manner.  The  material  occupying  the 
FundamentcUbereiche  of  Schonflies,  or  represented  by  a  generalised  point- 
system,  may  always  be  supposed  grouped  about  the  nodes  of  the  underlying 
space-lattice  if  required,  so  that  what  were  at  first  regarded  as  so  many 
units  come  to  be  the  parts  of  a  single  composite  unit ;  but  in  some  cases 
the  latter,  like  some  of  Haiiy's  molecules  aoustractiveSy  must  be  a  mere 
geometrical  fiction.  !       ! 

Until  we  know  more  about  the  units  of  which  the  crystal  really  con- 
sists, there  will  necessarily  be  speculation  as  to  whether  the  units  are 
situated  at  the  most  general  sorts  of  homologous  points  in  a  given  type, 
or  whether  they  are  symmetrical  bodies  situated  at  the  singular  points  ; 
whether  they  are  all  of  the  same  sort  or  of  more  than  one  sort. 

It  is  proposed  to  consider  in  a  subsequent  report  some  of  the  mechanical 
and  physical  conceptions  which  have  been  employed  in  discussing  the 
possible  structure  of  crystals,  and  the  definite  structures  recently  ascribed 
to  certain  substances.^ 


The  Movements  of  Underground  Waters  of  Nmih-v^est  Yorhshire, — 
Second  Report  of  the  Committee^  consisting  of  Professor  W.  W. 
Watts  (Chairman)^  Mr.  A.  R.  Dwerryhouse  {Secretary)^  Pro- 
fessor A.  Smithells,  Rev.  E.  Jones,  Mr.  Walter  Morrison, 
Mr.  G.  Bray,  Rev.  W.  Lower  Carter,  Mr.  W.  Fairley,  Mr. 
P.  F.  Kendall,  and  Mr.  J.  E.  Marr. 

The  Committee  are  carrying  out  the  investigation  in  conjunction  with  a 
committee  of  the  Yorkshire  Geological  and  Polytechnic  Society. 

The  work  of  investigating  the  flow  of  underground  water  in  Inglo- 
boro',  described  in  the  report  present^  to  the  Association  at  the 
Bradford  meeting,  was  resumed  ^y  t|?e  Qoraniittee  on  November  10, 
1900,  when  it  was  determined  to  study  the  underground  course  of  a  small 
stream  known  as  Hard  Gill. 

Tliis  stream  rises,  on  the  south  side  of  Ingleboro',  in  a  spring  at 
1,600  feet  above  the  sea,  and  flows  for  a  distance  of  about  half  a  mile 
over  boulder  clay. 

It  then  reaches  the  bare  limestone  and  commences  to  sink  near  the 
eastern  comer  of  the  croft  at  Crina  Bottom. 

In  wet  weather  the  stream  is  not  entirely  absorbed  at  this  point,  but 
flows  on  past  the  house  at  Crina  Bottom,  and  enters  the  rock  at  Rowan 
Tree  Hole  (Rantree  Hole  on  6-in.  map). 

At  the  time  of  the  experiments  the  water  of  Hard  Gill  was  entirely 
absorbed  between  the  point  where  the  1,200  feet  contour  crosses  the 
stream  and  the  eastern  comer  of  the  croft,  and  consequently  the  investi- 
gation of  Rowan  Tree  Hole,  the  primary  object  of  the  excursion,  had  to 
be  abandoned. 

It  was  found,  however,  that  the  bulk  of  the  water  was  absorbed  at 
the  point  where  the  1,200  feet  line  crosses  the  stream,  and  consequently 

*  This  relates  to  work  published  by  Mallard,  Liveing,  Fedorow,  Kelvin,  Wulflf, 
Barlow,  Mnthmann,  Tattoo,  SoUas,  Goidschmidt,  Viola,  and  others. 
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it  was  determined  to  introduce  one  pound  of  Fluorescein  into  the  open 
loint  down  which  the  water  was  flowing. 

This  was  done  at  2  p.m.  on  November  11,  and  before  7  a.m.  on  the 
12th  the  water  of  the  large  spring  at  the  reservoir  in  the  Greta  Valley 
was  strongly  coloured. 

After  introducing  the  Fluorescein  a  general  survey  was  made  of  the 
direction  of  the  joints  in  the  limestone  in  the  neighbourhood  of  the  sink 
and  on  the  clints  above  Crina  Bottom,  with  the  following  results  : — 

Joint  at  •  sink  * N.  56**  W. 

On  »clints*  near  sink          .....  N.  65*>  W. 

On  *  clints  *  above  and  to  the  west  of        .        .  (main)  N.  50®  W. 

Crina  Bottom (secondary)  S.  25®  W. 

The  spring  at  the  reservoir  is  thrown  out  close  to  the  line  of 
junction  of  the  Carboniferous  Limestone  with  the  underlying  Silurian 
rocks,  and  the  line  from  the  sink  where  the  Fluorescein  was  introduced 
to  the  spring  runs  N.  55®  W. — that  is,  in  the  direction  of  the  master 
joints  in  the  limestone. 

Thus,  again,  it  has  been  demonstrated  that  the  direction  of  under- 
ground flow  is  determined  by  that  of  the  master  joints  in  the  limestone. 

After  a  considerable  though  unavoidable  delay  the  work  was  resumed 
on  June  21,  1901,  when  Alum  Pot,  on  the  Ribblesdale  side  of  Inglelx)ro', 
was  the  scene  of  operations. 

The  joints  in  the  neighbourhood  of  Alum  Pot  are  more  complicated 
than  in  the  parts  of  the  district  previously  investigated,  there  being  three 
sets  of  joints,  all  more  or  less  irregular  in  places. 

Close  to  Alum  Pot  there  are  two  sets  running  S.  5®  W.  and  N.  80^  E. 
respectively. 

Thirty  yards  higher  up  Alum  Pot  Beck  they  run  due  N.  and  S.  and 
N.  80®  E.,  the  north  and  south  joints  being  the  stronger  and  more  con- 
tinuous. 

On  the  *  clints '  100  yards  above  the  Pot  there  are  three  sets  of  joints^ 
as  follows,  viz. — 

Master      .        .        •       •      K.  10®  E« 


Secondary.        .        .        .   |n.86®B. 


One  pound  of  Fluorescein  was  put  into  the  stream  flowing  intd  Alum 
Pot  on  Friday,  June  21,  at  7  p.m. 

There  was  not  much  water  flowing  at  the  time,  and  a  few  days  after- 
wards several  important  springs  in  the  neighbourhood  ran  dry,  including 
that  at  Turn  Dub,  on  the  opposite  bank  of  the  Ribblei  which  is  ther 
reputed  outlet  of  the  Alum  Pot  stream. 

The  springs  commenced  to  flow  again  a  few  days  later  j  but  although 
they  were  carefully  watched,  as  was  also  the  river  itself,  no  trace  of  colour 
was  seen. 

It  was  therefore  concluded  that  either  the  Fluorescein  had  passed 
into  one  of  the  other  river  basins  or  had  become  so  diluted  as  to  be 
invisible. 

This  experiment  having  proved  inconclusive,  a  further  one  was  com- 
menced ou  Thursday,  September  5,  the  results  of  which  are  not  yet 
known. 

Owing  to  the  long  delay  caused  by  the  drought  and  other  circum- 
stances  beyond    their  control,   the    Committee  nave   be^i  unable    to 
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complete  the  work  duriog  the  present  year,  and  therefore  ask  to  be 
reappointed  and  to  be  allowed  to  retain  the  unexpended  balance  of  the 
grant  made  at  the  Bradford  meeting. 


Photographs  of  Geological  Interest  in  the  United  Kingdom. — Twelfth 
Report  of  the  Gonmiittee,  consisting  of  Professor  James  Geikie 
{Ghairman\  Dr.  T.  G.  BoNNEY,  Professor  E.  J.  Garwood, 
Dr.  Tempest  Anderson,  Mr.  Godfrey  Bingley,  Mr.  H.  Coates, 
Mr.  C.  V.  Crook,  Mr.  J.  G.  Goodchild,  Mr.  William  Gray,  Mr. 
Robert  Kidston,  Mr.  A.  S.  Reid,  Mr.  J.  J.  H.  Teall, 
Mr.  R.  Welch,  Mr.  H.  B.  Woodward,  Mr.  F.  Woolnough, 
and  Professor  W.  W.  Watts  (Secretary).  (Draivn  up  by  the 
Secretary.) 

The  Committee  have  the  honour  to  report  that  during  the  year  241  new 
photographs  have  been  received,  bringing  up  the  total  number  in  the  col- 
lection to  2,896. 

In  addition  to  this  3  prints  and  3  slides  have  been  given  to  the 
duplicate  collection,  making  a  total  of  247  photographs  received  during 
the  year. 

A  scheme  showing  the  geographical  distribution  of  the  photographs  is 
appended.  There  are  no  new  counties  on  the  list,  but  the  following 
counties  are  now  much  better  represented  than  hitherto  : — Cumberland, 
Derby,  Durham,  Lincoln,  Norfolk,  Northumberland,  Wiltshire,  and  Pem- 
broke. Cambridgeshire  continues  to  share  with  Rutland  and  Hunting- 
don the  distinction  of  being  unrepresented  in  the  collection.  There  are 
three  Welsh  counties  unrepresented,  eleven  in  Scotland,  and  fourteen  in 
Ireland.  As  Brecknock,  Dumbarton,  Ross-shire,  Wicklow,  Kilkenny, 
and  Waterford  are  amongst  these  counties  it  is  evident  that  the  work  of 
the  Committee  cannot  yet  be  considered  complete. 

To  this  year's  collection  the  most  noteworthy  accession  is  Dr.  G. 
Abbott's  set  of  photographs  of  sections  and  specimens  illustrating  his 
study  of  the  remarkable  concretionary  structures  exhibited  by  the  Mag- 
nesian  Limestone  of  Durham. 

Another  important  contribution  is  a  beautiful  series  of  views  illus- 
trating problems  on  Physical  Geography  and  Geology  in  the  Cheviots, 
taken  by  Mr.  G.  Bingley  and  Mr.  Hastings.  The  former  also  sends 
photographs  from  Yorkshire. 

Mr.  Coomdra-Swdmy  has  taken  photographs  in  Lakeland  and  Wilt- 
shire, and  Mr.  Monckton  in  Dorset,  Surrey,  and  Berkshire. 

Mr.  A.  T.  Metcalfe  contributes  an  interesting  series  of  glacial  photo- 
graphs from  the  Norfolk  coast,  and  a  set  illustrating  the  volcanic  vents 
of  Derbyshire  recently  described  by  Sir  Archibald  Geikie. 

The  Hull  Geological  Society  and  the  Croydon  Microscopical  and 
Natural  History  Club  send  some  local  photographs,  and  the  members  of 
the  North  Staffordshire  Field  Club  also  continue  their  contributions. 

Mr.  Jerome  Harrison  sends  some  exceptionally  beautiful  and  interest- 
ing pictures  of  drift  deposits  and  of  striated  boulders,  of  glacial  pheno- 
mena about  Snowdonia,  and  of  surface  creep.  He  also  sends  illustrations 
of  Palaeozoic  and  pre-Palaeozoic  rocks  in  the  Midlands,  while  the  Uriconian 
rocks  of  Shropshire  have  been  photographed  by  Mr.  Buddicom  as  well. 

22 
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Duplicates 

_ 

t're- 
vious 
collec- 

Addi- 
tions 

Total 

Previous 

Additions  (1900) 

(1900) 

collec- 

Total 

tion 

Prints 

Slides 

England— 

Berkshire 

3 

2 

6 

— 

— 

— 

— 

Cumberland    . 

8 

10 

18 

— 

— 

— 

— 

Derbyshire 

30 

11 

41 

1 

— 

""" 

1 

Devonshire 

126 

9 

135 

13 

2 

2 

17 

Dorset     . 

90 

9 

99 

8 

— 

— 

8 

Durham  . 

29 

82 

111 

1 

— 

— 

1 

Kent 

70 

2 

72 

13 

— 

— 

13 

Lincolnshire   . 

4 

2 

6 

— 

— 

— 

— 

Norfolk   . 

18 

5 

23 

7 

— 

— 

7 

Northumber- 

land    . 

42 

28 

70 

— 

— 

— 

— 

Nottingham- 

shire   . 

13 

1 

14 

1 

— 

— 

1 

Shropshire      . 

33 

11 

44 

8 

1 

— 

9 

Staffordshire  . 

42 

9 

51 

10 

— 

— 

10 

Surrey     . 

35 

8 

43 

3 

— 

— 

3 

Sussex     . 

10 

2 

12 

— 

— 

— 

Warwickshire  . 

36 

2 

38 

3 

— 

3 

Westmoreland. 

61 

1 

62 

6 



— 

6 

Wiltshire 

1 

4 

5 

— 

— 

1 

1 

Worcestershire 

14 

6 

19 

1 

— 

— 

1 

Yorkshire 

446 

10 

456 

67 

— 

— 

67 

Others     . 

388 

— 

388 

59 

— 

— 

59 

Total    . 

1499 

213 

1712 

201 

3 

3 

207 

Wales— 

Carnarvon 

74 

18 

92 

24 

— 

— 

24 

Pembroke 

12 

3 

15 

— 

— 



— 

Others     . 
Total  . 
Channel     Is- 

87 

— 

87 

19 

— 

— 

19 

173 

21 

194 

43 

— 

43 

lands  . 

15 

— 

15 

— 

— 

— 

Isle  of  Man  . 

60 

— 

60 

4 

— 

— 

4 

Scotland— 

Inverness 

114 

1 

115 

32 

^_ 



32 

Others     . 
Total  . 

196 

— 

196 

49 

__ 

— 

49 
81 

810 

■ 

811 

81 

— 

Ireland- 

Do  negal  . 

44 

1 

45 

3 





8 

Others     . 

463 

— 

463 

55 

— 

— 

55 

Total  . 

507 

' 

508 

58 

— 

— 

58 

Rook   Stbuc- 

TUBBa,  &c    . 

91 

5 

96 

31 

— 

"^ 

81 

Foreign 

— 

— 

— 

29 

— 

-    1 

29 

Digitized  by 


Google 


ON  PHOTOGRAPHS  OP  GEOLOGICAL  INTEREST. 


841 


"   — 

Pre- 

VIOUB 

coUec- 
tiou 

Addi- 
tions 
(1900) 

Duplicates 

Total 

Previous 
collec- 
tion 

AddiUpns  (1900) 

Total 

Prints 

Slides 

England 
Wales     . 
Channel    Is 

LANDS 

Isle  of  Man  . 
Scotland 
Ireland  . 
Book   Struc- 
tured . 
Foreign  . 

Total  . 

1499 
173 

15 

60 

810 

507 

91 
2655 

213 
21 

1 

1 

5 

1712 
194 

15 

60 

811 

608 

96 

201 
48 

4 
81 
68 

31 
29 

1 
»        11         1    1    1     1         1    cc 

1 

3 

207 
43 

4 
81 
68 

31 
29 

463 

241 

2896 

447 

3 

To  these  gentlemen  and  to  the  contributors  mentioned  below  the 
Committee  tender  their  thanks  :  Professor  W .  Hillhouse,  Professor  E.  J« 
Garwood,  Mr.  J.  H.  Baldook,  Mr.  W.  S.  Parrisb,  Mr.  J.  A.  Cossins,  the 
Rev.  C.  F.  L.  BarnweU,  Mr.  H.  J.  Steele,  Mr.  F.  W.  Bobarts,  Mr.  W.  B. 
Bannerman,  Miss  M.  S.  Johnston,  Mr.  J.  W,  Stather,  Mr.  Watson, 
Miss  M.  K.  Andrews,  and  Mr.  W.  W.  Midgley. 

The  Committee  notice  an  increasing  tendency  on  the  part  of  contri- 
butors to  send  in  enlarged  photographs.  If  the  enlargement  shows 
details  not  easily  visible  on  the  originals,  and  if  they  are  sharp  and  clear, 
this  is  an  excellent  thing.  But  unless  this  is  the  case  enlargements  do 
not  appear  to  possess  any  advantage  over  the  smaller  photographs ; 
indeed,  rather  the  reverse  ;  while  they  occupy  considerably  more  storage 
room.  *  Fuzzitypes '  have  no  precise  functions  in  illustrating  geological 
phenomena. 

The  Committee  would  again  call  attention  to  the  insertion  of  a  scale 
whenever  possible  into  the  photographs — not  an  ordinary  foot-rule  the 
divisions  of  which  are  invariably  invisible,  but  something  of  average  size 
which  cannot  be  easily  mistaken — the  human  figure,  a  walking-stick, 
camera-case,  hat,  pencil,  or  coin. 

The  additions  to  the  duplicate  collection  number  only  six.  Several 
others  are  in  hand  ;  but  it  is  thought  advisable  to  hold  them  back  for  a 
time  in  order  to  get  complete  sets  on  certain  subjects. 

The  duplicate  collection  has  been  sent  to  Natural  History  Societies  at. 
the  following  places  : — Dulwich  College,  Halifax,  Haslemere,  Highgate, 
Accrington,  and  Woking. 

The  little  set  of  photographs  which  was  framed  for  exhibition  at 
Paris  in  1900  is  now  displayed  in  the  Museum  of  Practical  Geology  at 
Jermyn  Street.  The  silver  medal  awarded  to  it,  or  rather  the  bronze 
copy  thereof,  will  doubtless  be  received  at  some  future  time. 

The  scheme  for  publishing  a  selection  of  typical  geological  photographs 
is  progressing,  in  spite  of  a  series  of  unforeseen  delays.  The  iir43t  batch 
of  twenty-two  prints  and  slides  will  shortly  be  issued,  and  the  preparation 
of  the  second  and  third  batches  will  be  proceeded  with. 

Applications  by  local  societies  for  the  loan  of  the  duplicate  collection 
should  be  mftde  to  the  Secretary.     Either  prints  or  slides,  or  both,  can  bQ 
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lent,  with  a  degcriptive  account  of  the  slides.  The  carriage  and  the 
making  good  of  any  damage  to  slides  or  prints  are  expenses  borne  hj  the 
borrowing  society. 


TWELFTH   LIST   OF    GEOLOGICAL  PHOTOGRAPHS. 
(To  September  3,  1901.) 

This  list  contains  the  geological  photographs  which  have  been 
received  by  the  Secretary  of  the  Committee  since  the  publication  of  the 
last  report.  Photographers  are  asked  to  affix  the  registered  numbers, 
as  given  below,  to  their  negatives  for  convenience  of  future  reference. 
Their  own  numbers  are  added  in  order  to  enable  them  to  do  so. 

Copies  of  photographs  desired  can,  in  most  instances,  be  obtained 
from  the  photographer  direct,  or  from  the  officers  of  the  Local  Society 
under  whose  auspices  the  views  were  taken. 

The  price  at  which  copies  may  be  obtained  depends  on  the  size  of  the 
print  and  on  local  circumstances  over  which  the  Committee  ha^e  no  controL 

The  Committee  do  not  assume  the  copyright  of  any  photographs 
included  in  this  list.  Inquiries  respecting  photographs,  and  applications 
for  permission  to  reproduce  them,  should  be  addressed  to  the  photographers 
direct. 

The  very  best  photographs  lose  half  their  utility,  and  all  their  value 
as  documentary  evidence,  unless  accurately  described  ;  and  the  Secretary 
would  be  grateful  if,  whenever  possible,  such  explanatory  details  as  can 
be  given  were  written  on  the  forms  supplied  for  the  purpose,  and  not  on 
the  ba^ck  of  the  p^wtograph  or  elsewhere.  Much  labour  and  error  of  tran- 
scription would  thereby  be  saved.  A  local  number  by  which  the  print 
and  negative  can  be  recognised  should  be  written  on  the  back  of  the 
photograph  and  on  the  top  right-hand  comer  of  the  form. 

Copies  of  photographs  should  be  sent  unmounted  to  W.  "W.  "Watts, 
The  University,  Birmingham,  and  forms  may  be  obtained  from  him. 

The  size  of  photographs  is  indicated  as  follows  : — 


L  =  Lantern  size. 
1  /4  =  Quarter-plate. 
1/2  =  Half. plate. 


E  signifies  Enlargements. 


1/1=  Whole  plate. 
10/8  =  10  inches  by  8. 
12/10  =  12  inches  by  10,  &c. 


♦  Indicates  that  photographs  and  slides  may  be  purchased  from  the  donors,  or 
obtained  through  the  address  given  with  the  series. 

LIST  L 

ACCESSIONS  IN  1900-1901. 

ENGIiAND. 

Bebkshibe. — Photographed  by  H.  W.  Monckton,  F.G.S.^  3  Harcourt 
BuUdings,  Temple,  E,C.     1/1  E. 

2728  (929)  Gravel  Pit,  S.W.  of  Caesar's    Well-stratified,  High  Plateau  Gravel.  1897. 

Camp,  Easthampstead. 

2729  (832)        „ 
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CjjMBiinLJiSD.— Photographed  by  A.  K.  CoomAra-SwAmy,  -S.jSc,  F,G,S,, 
Worplesdon^  GuUdford.     1/4. 
Begd 
No. 

2780    (      )  Near  Pooley  Bridge,  Ulls-    Stratified     Old     Red     Sandstone     con- 
water,  glomerate.     1900. 

2731  (      )        ,. 

2732  (      )  North   side  of   Dunmail    Medial  Moraine,  transverse  to  valley.  1900. 

Raise. 
2738    (      )        ., 

2784    (      )  Quayfoot,  Borrowdale  .    Roche  montmn^e,  Borrowdale  Series.  1900. 
2736    (      )        „ 

2736  (      )  Grange,  Borrowdale  .               »,                   Skiddaw  Slates.     1900. 

2737  (      )        M            „           „  „                   showing  striation.  1900. 

2788  (      )  North  of  Rosthwaite        .    Boulder-clay  on  glaciated  rock.    1900. 

2789  (      )  Valley   leading  to  Wast-    V-shaped  valley.    1900. 

water  from  top  of  Sty  Head 
Pass. 

Derbyshire. — Photographed  by  A.  T.  Metcalfe,  F.G.S.,  Southwell,  Notts, 

1/2  and  1/4. 

2661  (G  42)  Grange  Mill,  6  m.  W.  of    Two    Volcanic    Vents   in    Carboniferous 

Matlock  Bath.  Limestone.     1900. 

2662  (G43) 
2668  (G40) 
2664  (G41) 
2666  (G30) 


2666  (G$i7) 

2667  (G  39) 

2668  (G  1) 

2669  (G  28) 

2670  (G.S) 

2671  (G25) 


Valley  between  two  Vents.     1900. 
South  or  larger  Vent.     1900. 
Carboniferous    Limestone    dipping  from 

the  South  Vent     1900. 
Ejected  block  in  South  Vent.    1900. 
North  Vent.    1900. 
„  1899. 

Carboniferous    Limestone  within    a  few 

feet  of  the  edge  of  the  North  Vent.  1900. 
North  end  of  North  Vent.     1899. 
Spring  at   junction  of   Limestone  with 
Bedded  TufiF.    1900. 


Devonshire. — Photographed  by  Professor  W.  Hillhousb,  M.A,, 
Duchess  Roady  £dgbaston,  Birmingham,     1/4. 

2740  (    )  Near  Wildersmouth  Beach,    Anticline.     1895. 

Ilfracombe. 

2741  (    )  Ilfracombe         .       .        .    Marine  Pothole.    1895. 

Photographed  by  Professor  E.  J.  Garwood,  i/".J.,  F,G,S,,  University 
College^  London,     1/2. 

2742  (    }  Ilfracombe         •        •        •    Contorted   and   faulted    'pothooks    and 

hangers*  in  quartz  vein   in    Devonian 
slate.    1887. 

Photographed  by  A.  K.  CoomAra-Swamy,  B,Sc,,  F,G,S,, 
Worplesdon,  Guildford,    1/4. 

2743  (    )  View  from  the  Hound  Tor     Scenery  of  Granite  Moorland.    1900. 

Ridge. 

Photographed  by  J.  Parkinson,  F.G,S,y  251  Camden  Road,  N,     5/4. 

2744  (    )  North  of  Bolt  Tail  •    Devonian  Slates,  much  veined  and  cleaved* 

1901. 
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2746 


2746 
2747 
2748 


(    )  Thurlestone  Sands,  W.  of  Oatlier  of   New  Red  Sandstone  resting 

Kingsbridge.  nnconf  ormably  on  Slates  of  the  Torcross 

Group.    1901. 

(    )  Thurlestone  Sands,  W.  of  Outlier  of  New  Red  Sandstone.    1901. 

Kingsbridge. 

(    )  Thurlestone  Sands,  W.  of  „              „               „ 

Kingsbridge. 

(    )  Thurlestone  Sands,  W.  of  „               „               „ 

Kingsbridge. 


DoBBET.-^PJiotographed  by  H.  W.  JVIonckton,  F.G.S,,  3  Harcourt 
Buildings,  Temple,  KG.     1/1  E. 

2672  (1896)  Durlstone  Bay,  Swanage    Middle  Purbeck  Stone  Beds.    1900. 

2673  (1897) 

2674  (1410)  NearGrand  Hotel,  Swan-    Wealden  Beds.     1900. 

age  Bay. 
2676    (1420)  Punfield  Cove,  Swanage    Shell-bed  of  Pecten  agper  zone  of  CJpper 

Greensand.     1900. 

2676  (1421)  „  „  „  Shell-bed  of  Pecten  asper  zone  of  Upper 

Greensand.     1900. 

2677  (1439)  Tilly     Whim      *  Caves,*    Block  of  Portland  Oyster  Bed.    1900. 

Swanage. 

2678  (1426)  West  Hill  and  St.  Alban's    Portland    Stone,    Sand,    and    Kimeridge 

Head,  above  Chapman's  Pool.        Clay.    1900. 

2679  (1427)  Cliff,  E.  of  St.  Alban's    Portland  Stone  and  Sand,  over  Kimeridge 

Head.  Clay.    1900. 

2660    (1449)  The    Agglestone,    near    Concretionary  Sand-rock  weathered  out  of 
Studland.  Bagshot  Beds.    1900. 

See  also  DURHAM. 


Durham. — Pkotograplied  by  Dr.  G.  Abbott,  33  Upper  Grosvenor  Road, 
Tunhridge  Wells,  Three  by  Messrs.  Johnson  and  Bird,  Tunhridge 
Wells.     1/2  and  I /L 


2749 

2760 
2761 

2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
2760 
2761 

2762 
2763 
2764 
2765 
2766 
2767 
2768 
2769 
2770 
2771 


(14)  Fulwell  Quarry,  near  Sun- 
derland. 

(15)  Hendon  Shore    . 

(16)  Hendon    iShore    (some    in 
British  Museum). 

(17)  Fulwell      .        .        .        . 

(18)  Building  Hill,  Sunderland. 

(19)  Building  Hill,  Sunderland. 
(1078)  (In  British  Museum)  . 
(1072) 

(1147) 
(1084) 

(988)  Fulwell    .... 

(989)        

(990)  „  .        .         .        . 


(987 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(•^«) 
(27) 
(28) 


) 

Hendon  Shore    . 
Fulwell  Quarry  . 
Hendon  Shore    . 
Building  Hill,  Sunderland. 
Fulwell  Quarry  . 


Section  of  Magnesian  Limestone,  showing 

concretionary  structure.    1900. 
Deposition  partings  in  concretions.     1900. 
Finger-like  rods.    1900. 

Rods  and  some  honeycombs.    1900. 

Rod  structure.    1900. 

Large  spherfcal  concretion.     1901. 

Rods  coated  with  crystals  „ 

Rod  structure.  „ 

Rods  on  each  side  of  band.        „ 

Rods,  short  and  thick.  ., 

R(5ds  gfown  tJown wards.     1900. 

Rods  grown  upwards.  „ 

Rods  grown  horizontally  from   cleavage 

clefts.  1900. 
Nodes  on  rods. 
•Honeycomb.'    1900. 

1899. 

1900. 


Honeycomb. 


3901. 
1900 
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Regd. 
No. 

2772  (29)  Fulwell  Quarry . 

2773  (11  k  12)  Hendon     . 

2774  (2)  Fnlwell        .... 
2776  (30)  (Hancock  Museum,  New- 
castle) 

2776  (992)  Falwell  (British  Museum) 

2777  (1003)   ., 

2778  (991)   „ 

2779  (1027)   , 

2780  (1091)  FulweU 

2781  (1128) 

2782  (1088) 

2783  (1046) 

2784  (1131) 
2786  (1130)*   ,. 

2786  (1097)  FulweU  (British  Museum) 

2787  (1099)      „ 

2788  (1050)      „ 

2789  (1,051) 

2790  (1136) 

2791  (993)  Fulwell    .... 

2792  (1029)  FulweU  (British  Museum) 

2793  (998)  FulweU    .... 

2794  (999)  FulweU  (British  Museum) 
2796  (1032)      „ 

2796  (1035)      ,. 

2797  (31)  FulweU. 

2798  (1)  Fulwell  (British  Museum)  . 

2799  (32)  Fulwell      .... 

2800  (3) 

2801  (1048)  Fulwell  (British  Museum; 

2802  (1004)      ., 

2803  (1083)      ,. 

2804  (1082)      „ 
2806  (1062)      ,. 

2806  (996)  FulweU    .... 

2807  (1098)  Fulwell(BritishMuseam) 
2806  (1046)      „ 

2809  (1149)  FulweU  .        .        .        . 

2810  (1101)      „         .        .        .        . 

2811  (1123)      „         .        .        .        . 

2812  (1144)      ,,         .        .        .        . 

2813  (1100)  FulweU(BritishMuseum) 

2814  (1077)      ,. 

2816  (1102)  Fulwell  .... 

2816  (1092)  FulweU(British  Museum) 

2817  (1135)  FulweU  .... 

2818  (1140) 

2819  (1142) 

2820  (994)  FulweU  (British  Museum) 

2821  (995)  Weymouth,  Dorset  (Two 

in  British  Museum). 

2822  (100)  WaU  of  Bamburgh  Castle, 

Northumberland. 

2823  (33)  Fnlwell      .... 

2824  (34)         ,,  .... 
2826  (35)  Parson's  Rock,  Roker 
9826  (36)  (British  Museum)     » 


Honeycomb,  cut  and  uncut  surface.  1901. 
Honeycomb,*8howing  conical  nodes.  1900. 
Honeycomb  and  '  cauliflower  *  concretion. 

4900. 
Honeycomb.    1901. 


„      cee  2767.    1900. 
Goralloid.  „ 

„  Ripple-marked.    „ 


see  2803. 


CoraUoid,  segregation  bands.    1901. 

»»  M  >t  l» 

CoraUoid,  see  2799.  „ 

Honeycomb,  to  show  cleavage  across  rods. 

1901. 
Primary  bands  and  rods.    1900. 
Banding  of  honeycomb  and  primary  band* 

ing.    1900. 
Segregation  bands  in  mortar.    1899. 


Pseudo-organic  structure,    1900. 

Cannon-baU  bed.    1899. 
Egg   and  balls,  single   and   compQOi^d. 
189?. 
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No. 

2827 

(37)  Fulwell      . 

• 

.  Botryoidal  masses,  some  with  *  undercoat 
banding.'    1900. 

2828 

(38)        „           .        . 

• 

•  Botryoidal  masses,  some  with  *  undercoat 
banding.'    1900. 

2829 

(39)        „           .        . 

, 

.    Mass  of  balls.    1900. 

2830 

(40)  Hendon  Shore    . 

. 

.    Balls  and  bands  in  alternate  layers.    1900 

Kbnt. — Thotogrwplied  hy  J.  H.  Baldock,  Overdale,  St,  Leonardos  Road^ 
Croydon.  Sent  through  the  Croydon  Microscopical  and  liatural 
History  Club.     1/2. 

2681  (3)  Gravel  pit  north  of  railway,    Oldhaven  Pebble  Beds.     1899. 

Sbortlands. 

2682  (4)  Gravel  pit  north  of  railway,  „  „         „  „ 

Sbortlands. 

Lincolnshire. — Photographed  hy  W.  S.  Parrish,  2  Waltliam  Street, 
JIulL     Sent  through  the  Hull  Geological  Society.     1/1  E. 

2877  (18)  J    m.    from    Frodingham    Lower  Lias,  Frodingham  Ironstone,  with 

Railway  Station.  overlying  beds  of  peat  and  gravel.   .  1898. 

2878  (19)  f    m.    from    Frodingham    Lower  Lias,  Frodingham  Ironstone,  with 

Railway  Station.  overlying  beds  of  peat  and  gravel.    1898. 

Norfolk. — Photographed  hy  A.  T.  Metcalfe,  F,G,S.,  Southtvell, 

Notts,     1/4. 

2683  (G  15)  Cliff  between  West  Run-    Contorted  Drift.    1900. 

ton  k  Sherringham. 

2684  (G  16)  Cliff  between  West  Run-    Contorted  Drift  and  Glacial  Sands.    1900. 

ton  and  Sherringham. 

2685  (O  17)  Cliff  between  West  Run-    Contortions  in  Glacial  Sands  and  Gravels. 

ton  and  Sherringham,  1900. 

2686  (G  18)  Cliff  just  E.  of  Sherring-    Contorted  Drift.    1900. 

hara. 

2687  (G  21)  Norwich        •        .        .    House   oooupied   by  Professor  Sedgwick 

when  Canon  of  Norwich.    1900. 

NoRTBUMBBRLAND. — Photographed  hy  G.  Bingley,  Thomiehurst^ 
Headingley,  Leeds,     1/2. 

2688  (6275)  Shining  Pool,  Harthope    Lateral  Moraine.    1900. 

Burn,  near  Wooler. 
2680    (6276)  Below  Shining  Pool        .    Andesite  Hills,  with  Hedghoppe  in  back- 

ground.     1900. 

2690  (5277)  From  Shining  Pool         .    Moraine  material,  containing  blocks  from 

the  Tweed  Valley.    1900. 

2691  (5280)  Cheviot  from   Langlee-    Junction  of  Granite  and  Porphyrite.  1900. 

ford. 

2602  (5282)  Housey  Crag,  Langlee-    Fresh  Andesite,  resting   on    Porphyrite. 

ford.  1900. 

2603  (6290)  South  Bank  of  Harthope    Junction  of  Granite  and  metamorphosed 

Burn,  Langlee.  Porphyrites.     1900. 

2604  (5291)  }   m.    west   of   Calder    Overflow   valley  of  glacial    lake  of   the 

Farm.  Breamish.    1900. 

2606    (5292)  Near  confluence  of  Green-    Porphyrites.    1900. 

side  Bum  and  R.  Breamish, 

near  Ingram. 
2696    (5293)  Nearconfluence  of  Green-    Porphyrites  with  talus  slopes  (*  glitters  *). 

side  Bum  and  R.  Breamish,        1900. 

near  Ingram. 
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2607    (5295)  River  Till,  near  Wooler  .    Foreground  of  Lower  Carboniferous  Rooks 

and  Andesite  Hills  of  Cheviot  in  dis- 
tance.   1900. 

2698  (5297)  near  Akeld  Bom,  S.  of    Overflow  valley  into  Akcld  Bum.    1900. 

White  Law. 

2699  (6299)    Munday    Cleugh,    near    Overflow  valley  of  a  glacial  lake.    1900. 

Wooler. 

2700  (5300)   Humblcton    Hill,   near    Dry  gorge,  the  overflow  of  a  glacial  lake. 

Wooler.  1900. 

Photographed  by  G.  Hastings,  15  Oak  Lane^  Bradford.     1/2. 

2881  (171)  Clieviots  from  Tom  Tol-    General  View.    1900. 

ton's  Crag,  near  Wooler. 

2882  (173)  View  across  Wooler  Burn.    Dry  valley  behind  Humbleton.     1900. 
2888    (168)  Wooler  Burn,  S.  of  Black    1900. 

Law. 

2834    (172)  Golf  Links,  near  Wooler  .  Two  streamless  rock-gorges.    1900. 

2836    (169)  Near  Wooler    ...  Dry  valley.     1900. 

2836    (167)     Yeaveriog    Bell,     near  Dry  watercourse.    1900. 

Wooler. 

2887  (163)    Roddam    Dene,    near  Fost-Glacial  gorge  in  Carboniferous  con- 

Wooler.  glomerate.     1900. 

2888  (162)  West  side  of  Akeld  Bum,    Deep  channel.     1900. 

above    Gleadscleugb,     near 
AVooler. 

2839  (161)  From  Humbleton  Hill,  near    System  of  dry  gorges.     1900. 

Wooler. 

2840  (158)  Shining  Pool,  near  Wooler.  Ridges  and  dry  valleys.     1900. 

2841  (157)  „  „  .  Dry  valley  above  pool.     1900. 

2842  (164)  Linhope  Bum    .        .        .  Jointed  Augite-granite.     1900. 

2848  (156)  Harthope     Bum,      above    Granite,  veined  with  tourmaline.     1900. 

Langleeford. 
28*4  (152)  Housey  Crag.  Langleeford.     Fresh  Andesite.     1900. 
2846  (151)  Junction  of  Harthope  Bum    Cheviot  Porphyrites.    1900. 

and  Carey  Bum. 

Nottingham.— PAoto^rropAcc?   hy  E.   A.  Bush,   Engineer's  Department^ 
Guildhall^  Nottingham^  and  contributed  by  J.  Shipman,  F»G,S, 

2879  (    )  Hemlock  Stone    .        .        .    Stack  of  New  Red  Sandstone  cemented  by 

Barytes.     1899. 

SHROPsmBE. — Photographed  by  R.  A.  Buddicom,  if.  J.,  F.G.S,, 
The  Mvseum^  Plymouth.     1/2. 

SM89  (    )  Caer   Caradoo,    from    east  General  view  of  folding.    1899. 

slope  of  Helmeth. 

2840  (    )  Caer  Caradoo      .        .        .  Synclinal  fold  in  Uriconian  Bocks.    1899. 

2641  (     )  „  .       .        .  „ 

2642  (    )  „  .        .        .  „ 

2843  (    )  Caer  Caradoc  and  part  of  Uriconian  Rocks.    1899. 

Hope  Bowdlor  Hill. 
2644  (    )  Caradoc,  &c.,  from  the  Bur-    The  Uriconian  Chain.    1899. 

way  on  the  Long^mynd, 
'2646  (    )  View  from  halfway  between    Clee  Hills,  Wenlock  Edge,  &c.     1900. 

Wall's     Bank     and     Hope 

Bowdler. 
2646  (    )  Near    Dorrington    Station,    Two  Boulders  of  grey  (?  Eskdale)  Granite. 

near  Shrewsbury.  1900, 
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Pliotographed  hy  W.  Jerome  Harbison,  T.G.S,,  52  Claremont  Road^ 
Handatvorth,  Birminghamy     1/2. 
RAgd. 
No. 

2668  (     )  Near  top  of  Gaer  Car>vioc    .    Brecclated  Rhyolite.    1897. 

2669  (    )  The  Lawley,  from  Comley    Uriconiau  Rooks.    1897. 
Qaany. 

Photographed  by  3,  A.  Cossints,  Forater  Eoad,  Moseley^ 
Birminglutm,     5/4. 

2846  (    )  Barrow,  near  Broseley         .    Fossil  tree  in  Coal-measures.    1901. 

Staffordshire.— P/ioto^ropAcc?  by  W.  Jerome  Harrison,  F.G.S.^ 
52  Claremont  Roads  Hand^uxyrth^  Birmingham,,     1/2. 

2647  (  )  Railway  cutting,  Aldridge  .    Coral  mass  in  Wenlock  Shale.    1000, 

2648  (  )  „  „  FossUiferous  Wenlock  Shale.    1900. 

2649  (  ) 
2660  (  ) 

Photographed  by  Rev.  C.  F.  L.  Barnwell,  Stramshall  Vicarage^  Uttoxeter^ 
Sent  through  the  North  Staffordshire  Field  Club,     1/2. 

2847  (9)  The  Common  Plot,  Stone     .    Artificial  Caves  in  Keuper  Sandstone.  1901, 

2848  (10) 

2849(12)  ,.  „  Ripple-marking  on  roof  of  *  caves.'    1901. 

2860  (11) 

Pliotographcd  by  H.  J.  Steele,  Barton  House^  Burslem,    Sent  through 
the  North  Staffordshire  Field  Club,     5/4. 

2861  (8)  Beggar's  Well  Quarry,  near    Faulted  Triassic  Sandstone.    1899. 

Alton. 

Surrey. — Photographed  by  H.  W.  Monckton,  F,G,S,y  3  Harcourt 
Buildings,  Temple,  B.C.     1/1  E. 

2701  (985)  Tad worthRailway  Cutting    Drift  resting  irregularly  on  Thanet  Sands. 

1898. 

2702  (987)        „  „  Thanet  Sand  on  Chalk.    1898. 

2703  (1472)  Godstone,  W.  of  main  road    Folkestone  Beds  in  Liower  Qroensand.  1900. 

in  village. 

2704  (1473)  Godstone,  W.  of  main  road  „  .,  , 

in  village. 

Photographed  by  F.  W.  Robarts,  23  Olioer  Grove,  South  Norwood,  S,E. 
Sent  through  the  Croydon  Microscopical  and  Natural  History  CM, 
1/1  E.  •       • 

2706  (I)  Addiscombe  Road,  Croydon  .    Blackhcath  and  Oldhaven  Beds  overlying 

Ostrea  Bed.    1898. 

Photograplied  by  W.  B.  Bannerman,  F.G.S.,  Sydenham  Road,  Croydon, 
Sent  through  the  Croydon  Microscopical  and  Natural  History  Club. 
1/1  E. 

£$709  (2)  Seneca  Road  and  Bensham    Sandstone  Boulders  at  bottom  of  gravel 
|:^ne,  '4^hor|;ton  Qeath.  pit,  resting  oyi  London  Clay,    1899, 
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Photographed  by  J.  H.  Baldock,  Overdale,  St  Leona/rcTa  Hood,  Croydon, 
Sent  through  the  Croydon  Microscopical  and  Natural  History  Club. 
1/1  E. 

Hegd. 
No. 

2707  (5)  Whyteleafe  Chalk  Pit  .        .    Lower  part  of  Upper  Cbalk  and  Middle 

Chalk.    1899? 

Photographed  by  Miss  Mary  S.  Johnston,  Ila^lwocd,  Wimbledon  HilU 

Surrey,     1/4. 

2862  (10)  Qnarry  north  of  Godstone  .    Lower  bed  of  sand  in  Folkestone  Beds. 

1900. 

SusSBX. — Photographed  for  W.  W.  Watts,  Birmingham  University » 

1/1  and  1/2. 

2868  (  )  East  of  Seaford  .  .  .  Valley  in  Chalk-t)owns,  illustrating  sub- 
aerial  topography.    18!»8. 

2864  (    )  Near  mouth  of  B.  Cuckmere    Chalk    Cliffs ;    destruction   of    subadrial 

topography  by  the  sea.    1898. 

Warwickshire. — Photographed  by  W.  Jerome  HARRtsOSr,  F.G.S., 
52  Claremont  Road^  Handstvorthy  Birmingham*     1/2. 

2861  (     )  Blackroot  Pool,  Sutton  Park    Fault  in  Trias.     1900. 

2867  (    )  Temple  Grafton,  N.W.    of      Scarp  of  Rhfftic  Rocks.     1900. 

Stratford-on-Avon. 

Westmoreland. — Photograplted  by  A.  K.  CooMARA-SwiMr,  B.Sc.y  F,G.S.f 
Worplesdon,  Guildjord.     1/4. 

2886  (    )  South  side  of  Dnnmail  Raise    Moraine  mounds.    1900. 

WiVTBrnRE. -^Photographed  by  A.  K.  CoomAra-SwAmy,  B.Sc,  F.G.S.r 

Worplesdorif  Guildford.     1/4. 

2868  (    )  Fields,  §  m.  N.E.  of  Place    Scenery  in  the  Vale  of  Wardour.    1900. 

Farm,  Tisbury. 

2867  (    )  Ladydown,  near  Tisbnry     .    Middle  Purbeck  RockP.     1900. 

2868  (    )  Chilmark  Ravine,  west  side    Upper  Portland  *  Ix)wer  building  Stones/ 

1900. 

2869  (    )        „  „      east    side    Upper  Portland,  •  Chalky  Series.'     1900. 

Worcester.— P^o%ra/?Ae(f  by  W.  Jerome  Harrison,  F,G,S.y  52  Clare 
mont  Poadf  Handsworth.  Birmingham.     1/2. 

2862  (     )  Wren's  Nest,  Dudley   .        .    General  view  of  Silurian  inlier.    1900. 

2863  (    )        „  „  Curved  strike  of  Wenlock  Shales.     1900. 

2864  (     )  The  Lickey  HiUs,  seen  from    Cambrian  Quart zite,  flanked  by  Llandoverj 

Rubery.  Sandstone.     1900. 

2866  (     )  Rednall  Gap  and  Bilberry    Cambrian  Quartzite.     1900. 

Hill  The  Lickeys. 
2868  (    )  Bilberry  Hill       .        .        .    Overfoldcd  Cambrian  Quartzite.    19C0. 

Yorkshire. — Photographed  by  Godfrey  Bingley,  Thoiniehurst, 
Headingleyy  Leeds.     1/1  E. 

2880  (6346)  Garforth  .        .        .        .    Lower  Magncsiaii  Limcstor.c.     39CO* 

2881  (.-,347)        „         •  .       . 
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Regd. 
No. 

2862  (5348)  Micklefidd       . 

2863  (5349)  „  ... 

2864  (53.)0)  „  ... 
2866  (5352)  Mcanwood  Valley,  Leeds. 

2866  (5354) 

2867  (5338)  Draughton   Quarry,  near 

Skipton. 
286i3    (5340)  Draughton  Quarry  . 


Magnesian  Limestone.    1900. 

»»  »» 

Piped  surface  of  Magnesian  Limestone.  1900. 

Folded  Gannister  beds.    1900. 

Stiermaria  in  Gannister  Sandstone.    1900. 

Folded,  brecciated,  and  overthrust  Car- 
boniferous Limestone.     1900. 

Folded,  brecciated,  and  overthrust  Car- 
boniferous Limestone.    1900. 


PhotograpJied  hy  J.  W.  Stathee,  224  Spring  Bank,  Hull 
the  Hull  Geological  Society.     1/1  E. 

2876    (20)  Cliils  near  Skipsea     . 


Sent  through 


2708 

2709 

2710 
2711 
2712 
2713 
2714 


Chalk  embedded  in  Boulder-day,  crushed 
by  glacial  action.    1900. 

CARjiARVoy. — Photographed  hy  W.  Jerome  Harrison,  F.O.S.y 
52  Claremont  Road,  Handswortlhy  Birmingham,     1/2. 

Intrusive  felsites  and  diorites.    1900. 


(  )  Conway  Mountain  and  Pen- 
maenmawr,  from  Diganwy. 

(  )  Great  Orme's  Head,  from 
Diganwy, 


)  Diganwy  Shore 

) 

) 

) 

) 


2716    (    ) 


2716 
2717 
2718 
2719 
2720 

2721 

2722 

2723 

2724 

2725 


Boulder-clay  and  Carboniferous  Limestone. 

1900. 
Cliff  of  Black  Boulder-clay.    1900. 
Cliff  of  Boulder-clay.    1900. 
Cliff  of  Blaok  Boulder-clay.    1900. 

tt  ti  If  It 

Striated  Boulder  in  situ  in  Boulder-clay. 

1900. 
Cliff  of  Boulder-clay  and  boulders  washed 

out  of  it.    1900. 
Large  Scratched  Boulder.    1900. 


Bala  volcanic  ash.     1900. 
Bala  slaty  rocks.     1900. 
Moraine  and  Perched  Blocks. 


1900. 


)  Snowdon,  from  Bwlch  Main 

)  Bwlch  Main,  Snowdon 

)  Cwm  Glas,  from  the  Pass 

of  Llanberis. 

}  Cwm  Glas,  from  the  Pass 

of  Llanberis. 

)  Cwm  Qlas,  from  the  Pass 

of  Llanberis. 

)  Cwm  Glas,  from  the  Pass 

of  Llanberis. 

)  Pass  of  Llanberis,  looking    HacJias  moutonnieSy '  Lee-seite,'    1900. 

up,  near  Pont-y-Gromlech. 

)  Pass  of  Llanberis,  looking    Crags  and  Screes  of  Esgair  Felen.    1900. 

down  near  Pont-y-Gromlech. 


Moraine.     1900. 


Moraine,  near  view.    1900. 


Pembrokeshire. — PhotograpJied  hy  W.  Jerome  Harrison,  F,G,S., 
52  Claremont  Road,  Handsworth,  Birmingham.     1/1. 


2660    (    )  South  of  Whitcsand  Bay 


Terminal  curvature  in  Cambrian  Slates. 
1897. 


Photographed  hy  C.  J.  Watson,  Botville  Road,  AcocKb  Green, 
BirmingJui7n.     1  /  2 . 

2726  (946)  Stack  Rocks,  Tenby .        .    Marine  erosion  in  Carboniferous  Limestone* 

1899. 

2727  (969)  Old  Qaany  face,  Tenby   .    Productus  .in   Carbonifflrous    Limestone. 

.189^ 
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SCOTLAND. 

Inverness. — Photographed  by  A.  K.  CooMARA-Swi^MT,  B,Sc,j  F.G.S., 
Worplesdon,  Guildford,     1/4. 
Regd. 

No. 

2869  (    )  Near  Sgur-a-Marbhaid        .    Block  of  contorted  Lowisian  Gneiss.    1899. 

IRELAND. 

DoNSOAL. — PhotograpJied  by  Miss  M.  K.  Andrews, 
12  College  Gardens,  Belfast.      12/10  E. 

2870  (70)  Mollaghderg,  Inishfree  Bay    Spheroidal  Granite.    1900. 

ROCK  STRUCTURES,  &c. 

Photographed  by  A.  K.  CoomIra-SwAmy,  B.Sc,  F.G.S,,  Worplesdon, 
Guildford.     1/4. 

2871  (    )  GIenderaterra,Camberland ;    Specimens  of  Cbiastolite-slate.    1900. 

and  Brittany. 

Photographed  by  W.  W.  MlDGLEt,  The  Museum,  Bolton.     1/4. 

2872  (56)  Arthur's  Seat,  Edinburgh  .    Oli vine-basalt,     x  20. 

2873  (65)  Sudbury,  Ontario       .        .    Olivine-diabase.      x  18. 

2874  (52)  Bertoon,  Banff   .        .        .    Pegmatite,     x  20. 
2876    (11)  Armboth  Fell,  Cumberland    Quartz-porphyry,     x  30. 

See  also  under  Durham. 


LIST  II. 
THE  DUPLICATE  (LOAN)  COLLECTION. 

The  numbers  placed  after  the  description  of  the  photograph  refer  to 
the  list  of  photographers,  whose  names  and  addresses  are  given  at  the  end. 

Full  localities  and  descriptions  are  given  in  List  I.  under  the  numbers. 

This  collection  is  arranged  geologically,  and  from  time  to  time  the  less 
perfect  and  less  typical  photographs  will  be  removed  and  better  ones  sub- 
stituted as  they  are  given.  Those  laid  aside  can  always  be  seen,  sent,  or 
returned  by  request. 

♦  Indicates  that  prints  and  slides  may  be  bought  from  the  photographer. 
F.  indicates  prints.    S.  indicates  slides. 

Rock  Structures. 
Fossils  ill  Hocks. 
2846    Fosil  Tree  in  Coal-measures     .    Barrow,  Brcseley,  Shropshire.    CI  P. 

Evidences  of  Farth-movement. 
Folding. 

'2740    Anticline    .  •       .       .    Near  Wildersmonth    Beach,    Ilfracombc, 

Devon.    60  P.S. 
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Surface  Agencies:  Denvdation  and  Deposit. 
Marine  Action :  Denudation, 
2741     Marine  Po.hole  ....    Ilfracombe,  Devon.    60  P.S. 

Charchcteristic  Rocks  and  Landscapes, 
Mesozoic. 
2857    Middle  Parbeck  Rocks       .        .    Ladydown,  near  Tisborj.    40  S. 

Names  and  Addresses  of  Donors  and  Photographers, 

40.  A.  K.  Coomara-Swiimy,  Walden,  Worplesdon,  <i^aildford. 

60.  Professor  W.  Hlllhouse,  The  University,  Birmingham. 

61.  J.  A.  Cossins,  Forster  Road,  Moseley,  Birmingham. 


Ossifei'ous  Caves  at  Uphill, — Report  of  the  Committee,  cormsting  of 
Professor  C.  Lloyd  Morgan  (Chairman),  Mr.  H.  Bolton 
(Secretari/\  Professor  W.  Boyd  Dawkins,  Mr.  W.  R.  Barker, 
Mr.  S.  H.  Reynolds,  and  Mr.  E.  T.  Newton,  appointed  for  tlie 
purpose  of  excavating  the  Ossiferous  Caves  at  Uphill,  nsar  Weston- 
super-Mare, 

The  Coirimittee  have  to  report  that  no  further  progress  has  been  made 
since  last  September.  Quarry  men  in  the  ordinary  course  of  their  duties 
have  continued  to  cut  back  the  rock  face  for  road  material.  The  fissure 
caves  first  excavated  are  now  in  large  part  destroyed,  but  little  of  interest 
was  found.  Visits  have  been  paid  by  the  local  members  of  the  Committee 
on  several  occasions  in  the  hope  of  locating  a  new  deposit,  but  none  could 
be  found  to  justify  working. 

The  chief  find  of  interest  during  the  year  has  been  that  of  a  badger 
skull,  in  good  condition.  The  badger  is  native  to  the  country,  the  last 
specimen  in  the  Uphill  district  having  been  killed  about  twelve  years  ago. 
The  present  skull  seems,  however,  to  have  been  contemporaneous  with 
the  cave  animals. 

A  well  developed  tooth  of  Elephas  and  two  portions  of  a  fine  tusk 
were  picked  up  by  the  quarrymen. 

Professor  Reynolds  has  continued  his  examination  of  the  cave  material, 
and  will  publish  his  observations  later. 

The  Committee,  finding  no  site  was  promising  enough  to  work,  did  not 
draw  the  grant  of  5/.  made  last  year.  The  Committee  do  not  ask  for 
reappointment. 


The  Zoology  of  the  Sandwich  Islands, — Eleventh  Report  of  the  Committee, 
consisting  of  Professor  Newton  -(Chairman),  Dr.  W.  T.  BlaN- 
ford,  Professor  S.  J.  Hickson,  Mr.  F.  Du  Cane  Godman,  Dr. 
P.  L.  ScLATER,  Mr.  E.  A.  Smith,  and  Mr.  D.  Sharp  (Secretary), 

Since  the  last  report  Mr.  R.  C.  L.  Perkins  has  been  maintained  by  the 
Committee  at  his  work  in  the  islands,  and  it  ,is  intended  that  he  shall 
remain  there  for  a  few  months  longer,  after  which  the  funds  of  the  Corn- 
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mittee  available  for  this  purpose  will  be  exhausted.  He  has  been  working 
almost  solely  on  the  island  of  Oahu,  where  zoological  devastation  is  taking 
place  both  extensively  and  rapidly. 

Seven  parts  of  the  *  Fauna  Hawaiiensis '  have  now  been  published, 
and  two  more  are  in  the  press.  The  part  pubKshed  since  .the  last 
report  is  devoted  to  Coleoptera^  and  was  prepared  by  Mr.  Perkins  while 
in  this  country,  and  by  the  Secretaiy  of  the  Committee. 

It  is  hoped  that  Mr.  Perkins'  services  may  be  secured  after  his  return 
to  this  country  with  the  object  of  completing  the  '  Fauna  Hawaiiensis.' 

The  Committee  asks  for  reappointment  with  the  same  powers  as 
before  and  a  grant  of  50/. 


Flankionand  Physical  Conditions  of  the  English  Channel^  1899-1900. — 
Interim  Report  of  the  Committee ,  consisting  of  Professor  E.  Ray 
Lankester  (Chairman),  Mr.  W.  Garstang  (Secretary),  Professor 
W.  A.  Herdman,  and  Mr.  H.  N.  Dickson.  (Drawn  up  by  the 
Secretary.) 

The  analysis  of  the  numerous  collections  of  Plankton  made  during  the 
periodic  cruises  in  1899-1900  is  now  approaching  completion. 

Owing  to  the  many  disadvantages  of  the  counting  method  introduced 
by  Hensen  an  attempt  has  been  made  to  utilise  the  method  of  graded 
iilti*ation  in  the  quantitative  analysis  of  the  vertical  hauls,  the  mass  of 
each  *  grade '  being  determined  volumetrically.  Five  grades  have  been 
selected,  which  correspond  in  general  with  the  following  dominant  types 
of  the  plankton  : — (1)  Medusoids,  (2)  Calanus,  (3)  small  Copepods, 
(4)  Larvse,  (5)  Diatoms  and  Cilioflagellates.  The  largest  grade  is  that 
determined  by  a  square  mesh  whose  side  is  1  '5  mm.  long  ;  the  next  by  a 
mesh  1  mm.  square.  These  dimensions  are  approximately  realised  in 
bolting  silk  (*  miller's  gauze ')  having  sixteen  and  twenty-six  threads  to 
the  inch  respectively.  The  following  table  gives  the  complete  series  of 
standard  filters  adopted  : — 


Grade                   |   No.  of  Threads  per  Inch 

No.  of  threads  per  cm.         ] 

1 

A                                          16 
B                                          26 

C                          1                50 
D                          '               100 
E                          '               150 

6-7  (6  meshes) 
10 

20                                1 
40 
60 

It  is  found  that  the  errors  which  attend  the  volumetric  method  when 
applied  to  plankton  samples  consisting  of  mixed  and  varied  constituents 
are  greatly  reduced  by  the  preliminary  process  of  separation  into  definite 
grades  of  size  ;  and  it  is  hoped  that  a  thorough  trial  of  this  method  of 
analysis  may  result  in  its  establishment  as  an  efficient  method  for  the 
quantitative  comparison  of  plankton  of  different  localities  and  seasons,  in 
conjunction  with  the  method  of  vertical  hauls  introduced  by  Hensen. 

The  Committee  respectfully  request  their  reappointment  for  one  year 
longer,  without  a  grant,  in  order  that  they  may  present  a  summary  of  the 
results  to  the  next  Meeting  of  the  Association. 
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Occupation  of  a  Table  at  the  Zoological  Station  at  Naples, — Bepm't  of 
the  Committee,  consisting  q/*  Professor  W.  A.  Herdman  {Chairman), 
Professor  E.   Ray  Lankester,   Professor  W.    F.    R.   Weldon,  ' 
Professor  S.  J.   HiCKSOX,  Mr.  A.  Sedgwick,  Professor  W.  C. 
McIntosh,  and  Professor  G.  B.  Howes  (Secretary). 

▲  PPKKOIX  PAOK 

I.      a.  Report  on  the  Oooupation  of  the  Table,    By  Dr.  R.  Hamlyk-Habbis, 

F.R.M.8.,  F.Z.S.,  *  On  the  StatooysU  of  Cephalopoda '        ...    365 
h.  Report  on   the  OocvpeUion  of  the  Table,    By  Dr.  A.  H.  Reginald 
BULLEB,  B,8o.   For  the  continuation  of  hit  previoiit  investigatvm  of 

*  The  Fertilisation  Proeetn  in  Echinoidea  * 356 

II.  A  LUt  of  Aaturalists  who  hare  worked  at  the   Xoohgioal   Station  froni 

the  end  of  June  \%0O  till  the  end  of  June  \^\ .368 

III.  A  Ziit  of  Papers  which  were  published  in  the  Year  1900  by  the  Naturalists 

who  have  occupied  Tables  in  the  Zoological  Station    ....     360 
lY.  A  List  of  the  Publications  of  the  Zoological  Station  during  the  Ye-ar  ending 

June  30, 1901 361 

The  work  of  the  year  has  been  of  the  steadily  progressive  order  which 
marks  progress.  Mr.  H.  H.  Stewart,  for  whom  appeal  was  made,  was  at 
the  last  moment  prevented  by  college  duties  from  fulfilling  his  desire. 
Capable  investigators  were,  however,  forthcoming  in  Dr.  Reginald  BuUer, 
of  Munich,  and  Dr.  Hamlyn- Harris,  also  at  present  working  on  the 
'  continent.  These  gentlemen,  in  availing  themselves  of  the  opportunity  of 
study  which  the  Association  afforded,  have  accumulated  material  sufficient 
for  long-continued  research. 

In  a  letter  received  by  your  Committee  from  Dr.  Anton  Dohm  special 
acknowledgment  is  given,  on  behalf  of  himself  and  the  associated  members 
of  his  staff,  of  the  terms  in  which,  in  the  Association's  Report  for  1900, 
their  work  has  been  described.  He  desires  that  the  best  thanks  of  all  be 
conveyed  through  your  Committee  to  the  officers  and  members  of  the 
Association  for  their  confidence  and  support,  with  the  assurance  that  it 
has  done  much  to  encourage  them  in  their  conviction  that  the  requirements 
of  marine  biological  study  are  as  great  as  those  of  the  terrestrial  order, 
and  that  both  should  be  equally  maintained  and  equipped. 

Under  this  resolve,  efforts  are  now  being  made  at  Naples  to  develop 
the  experimental  and  more  strictly  physiological  side  of  the  work  in  hand. 
It  is  needless  to  insist  on  the  advantages  which  must  accrue  from  the 
study  of  the  rich  fauna  of  the  Neapolitan  marine  area  to  the  largely  open 
field  of  comparative  physiology.  Work  of  the  experimental  type  is  now 
revolutionising  certain  branches  of  biological  inquiry,  and  in  deciding  to 
keep  pace  with  this,  those  in  charge  of  the  Naples  establishment  are  to  be 
commended. 

To  the  resolve  of  Dr.  Dohm  and  his  associates  your  Committee 
acquiesce,  and  they,  with  increased  assurance,  recommend  the  claim  of  the 
Naples  Station  for  continued  support  to  your  consideration.  It  has  been 
in  the  direction  for  which  encouragement  is  now  sought  that  both  occupants 
of  the  Association's  table  have  during  the  past  year  been  engaged — Dr. 
BuUer's  work  having  been  more  especially  of  a  most  advanc^  order — 
and  it  is  accordingly  with  the  greater  satisfaction  that  your  Committee, 
in  applying  for  a  renewal  of  the  grant,  do  so  to  enable  Mr.  R.  Gumey,  of 
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Oxford,  a  tried  iavestigator,  to  study  the  origin  of  the  excretory  organs 
and  other  points  in  the  development  of  the  Crustacea,  and  more  particu- 
larly the  fertilisation  process  in  the  Decapods,  and  also  to  enable  Mr. 
W.  Wallace,  B.Sc,  Barry  Scholar  of  the  University  of  St.  Andrews,  to 
study  viviparous  fishes. 


APPENDIX  I. 


Report  on  the  Occupation  of  the  Table  of  the  British  Association  in  the 
Zoological  Station  at  Naples  during  the  months  of  February,  March, 
April,  and  May^  1901. 

The  Statocysts  of  Cephalopoda.    By  R.  Hamltn-Harris,  F.B  yf,S.,  F.Z.S. 

Thanks  to  the  kindness  of  the  Committee  of  the  British  Association 
for  the  Advancement  of  Science,  I  was  permitted  to  occupy  their  table 
from  February  22  until  June  3. 

A  great  part  of  this  time  was  occupied  in  the  examination  and  study 
of  the  fauna  of  the  Gulf  of  Naples. 

My  special  object,  however,  in  visiting  Naples  was  to  institute  a 
thorough  research  into  the  organs  for  the  maintenance  of  equilibrium 
(Gleichgewichtsorgane)  in  the  Cephalopoda. 

Of  the  Cephalopod  species  occurring  in  the  Gulf  of  Naples  the  following 
were  placed  at  my  disposal  and  made  use  of  by  myself  : — 

Fam. — OMMASTREPHiDiE.  |  Fam. — Loligenii. 

Todaropsis  Veranyi 
Fam. — Onchil 

Veranya  sicula 
Fam. — Sepiolini. 

Sepiola  rondiletii 

Rossia  7tiacro8oma 

Fam. — Sepiarii. 
Sepia  officinalis 
Sepia  Orhignyana 
Sepia  elegans 


Loligo  vulgaris 
Loligo  marmorce 

Fam. — ARGONAUTIDiB. 

Ocythoe  tuberculata 

Fam. — OcTOPiD^. 
Octopus  vulgaris 
Octopus  mo/cropus 
Octopus  difilipii 
Eledone  moschata 
Eledone  Aldronanti 


Young  specimens  as  well  as  embryos  of  certain  of  the  above  species 
were  also  fixed  and  preserved. 

Two  of  them,  viz.,  Ocythoe  tuberculata  and  Veranya  sicula,  are  pelagic 
and  comparatively  rare.  I  was  therefore  able  only  to  obtain  a  few 
specimens  of  these. 

The  only  existing  work  on  the  so-called  auditory  organ  of  the 
Cephalopoda  is  that  of  Owsjannikow  and  Kowalevsky,  published  in  1867 
in  *  M^moires  de  TAcad^mie  imp^riale  des  Sciences  de  St-P^tersbourg,'  7° 
s^rie,  tom.  xi.  No.  3. 

This  valuable  memoir,  containing  as  it  does  the  result  of  extensive 
microscopical  research,  is,  however,  thirty-three  years  old,  and  science  and 
microscopical  methods  have  during  that  period  made  wonderful  strides. 
It  will  therefore  be  readily  seen  that  after  so  many  years  a  more  detailed 
histological  examination  of  the  same  subject  should  yield  important  results. 
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In  the  majority  of  cases  it  was  my  practice  to  make  use  only  of  such 
parts  of  the  head  as  I  needed,  and  it  was  interesting  to  not«  that  in  every 
instance,  among  the  Decapoda,  at  least,  the  statoliths  were  visible  through 
the  cartilage  in  specimens  just  killed,  but  that  the  transparency,  as  would 
be  expected,  disappears  after  fixing. 

The  cartilage  of  the  Octopidse  seems  to  be  less  transparent,  as  it  was 
only  with  difficulty  that  I  could  discern  the  statolith  without  opening  the 
cyst. 

The  statolith,  which  dissolves  in  acetic  acid,  giving  off  a  gas,  when 
tested  according  to  a  well-known  method  proves  to  consist  of  carbonate  of 
lime,  and  by  this  treatment  a  membrane  enveloping  the  whole  of  the 
calcareous  concremeit  is  all  that  is  left. 

The  statocysts  of  the  Cephalopoda  show  the  highest  state  of  organisa- 
tion among  the  inveii^ebrata,  occurring  for  the  first  time  as  stationary 
calcareous  organs,  held  in  place  by  an  outer  membrane,  and  situated  on  the 
Macula  acustica. 

The  endolymph  contained  in  the  vesicle  consists  of  a  clear  alkaline 
fluid,  which  is  shown  by  the  xanthoproteic  reaction  to  contain  albumen. 

Time  must  necessarily  elapse  before  my  studies  in  this  direction  are 
completed,  when  I  hope  to  publish  the  result  of  ray  labours. 

I  am  continuing  my  studies  at  the  Zoological  Institute  of  Tubingen 
University. 

I  should  like  to  take  this  opportunity  to  express  my  warm  appreciation 
of  the  way  in  which  the  Zoological  Station  is  managed,  and  my  sincere 
thanks  to  the  various  members  of  the  staff,  especially  Professor  Eisig, 
Professor  Paul  Mayer,  and  Dr.  Lo  Bianco,  for  the  many  courtesies  whioh 
they  showed  me,  ajid  the  valuable  advice  and  assistance  which  they  were 
ever  ready  to  give. 

To  the  Committee  of  the  British  Association  for  the  use  of  their  table 
my  especial  thanks  are  due. 


6,  Report  on  the  Occupation  of  a  Table  at  the  Stazione  Zoological  Naples^ 
during  March  and  April  1£01. 

The  Fertilisation  Process  in  Eckinoidea. 
By  A.  H.  Reginald  Bullbb,  B,Sc.,  Ph.D, 

I  occupied  the  table  of  the  British  Association  from  March  20  until 
April  25. 

The  research  work  undertaken  was  a  completion  of  a  study  of  the  caures 
leading  to  the  union  of  the  eggs  and  spermatozoa  of  the  Echinoidea. 

Further  observations  and  experiments  were  made,  supporting  the 
conclusion,  already  reported,  that  chemotaxis  plays  no  role  in  bringing  the 
sex -cells  into  contact,  and  that  the  spermatozoa  are  probably  incapable  of 
responding  to  chemotactic  stimuli. 

Special  attention  was  paid  to  the  movement  of  the  spermatozoa  upon 
surfaces,  and  to  :be  manner  in  which  they  penetrate  the  thick  zona 
pellucida  surrounding  the  eggs. 

The  following  rule  was  found  to  hold  good  : — Whenever  the  spermato- 
zoa come  in  contact  with  a  surface  bounding  the  medium  in  which  they 
are  moving,  they  cling  to  it,  and  they  either  become  fixed  to  it  almost 
at  once  or,  more  usually,  rotate  upon  it.     In  the  latter  case,   if  the 
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Surface  be  regarded  from  the  point  of  view  of  the  spermatozoa,  the  rotation, 
with  rare  individual  exceptions,  is  always  in  the  counter-clockwise 
direction. 

The  rotation  phenomenon  may  be  well  seen  when  a  drop  containing  not 
too  many  spermatozoa  is  placed  upon  an  object-glass  and  examined  under 
the  microscope  with  a  magniGcation  of  about  300  diameters.  If  the  upper 
8ur&u?e  of  the  drop  bounded  by  air  be  then  carefully  focussed,  the 
spermatozoa  clinging  to  it  appear  to  the  observer  to  revolve  in  the  clock- 
wise direction,  but  when  the  lower  surface  bounded  by  the  glass  is 
examined  they  are  seen  to  move  in  a  counter-clockwise  direction. 

The  rotation  rule  was  verified  for  five  species  of  Hchinoideck,  and  for 
representatives  of  all  the  other  classes  of  EchinoderrruUa,  The  species 
examined  were  the  following  : — 


ECHINODERMATA. 
Class  1. — HOLOTHUROIDKA. 

Holothuria  Stellatij  D.  Ch, 

Class  2. — ECHINOIDEA. 

Echinus  microtuherculaluSj  Blv. 


Class  3.— ASTEt^OIDEA. 
Aster  ids  glacialis,  O.  F.  M. 
Echinaster  sepositusy  Miill.  Tr. 

Class  4.— Ophiuroidea. 


a  L  _      iL  •  7     •     A  Ophioderma  lonqicauda.  Miill.  Tr. 

Sphc^echmus  granulans^  Aft,  r\  i  -    i     i    i       *        t 

Arhcu:ia  pustxUosa,  Gray.      ^         I       Opinoglypha  lacertosa,  Lyman. 

StrongocentroiMs  livxdus,  Brdt.       I  Class  5.— Crinoidea. 

i      Antedon  rosaceay  Norman. 

It  is  a  somewhat  remarkable  fact  that  rotation  upon  surfaces  in  a 
counter-clockwise  direction  was  also  observed  by  Dewitz  *  for  the  sperma- 
tozoa of  certain  insects.  He  believed  that  the  spermatozoa  were  thus 
specially  adapted  for  the  purpose  of  finding  their  way  into  the  micropyles 
of  the  eggs.  Such  an  explanation  could  not,  however,  apply  in  the  case 
of  the  Echinoderrnata,  for  no  micropyles  are  present,  and  the  gelatinous 
zona  pellucida  is  everywhere  penetrable. 

The  spermatozoa  of  the  Echinoidea  easily  become  attached  to  glass 
and  other  surfaces  by  the  points  of  their  conical  heads  upon  which  they 
often  continue  to  revolve. 

After  becoming  attached  to  the  zona  pellucida  the  spermatozoa  make 
their  way  through  it  in  a  more  or  less  radial  direction.  The  penetration 
from  the  outer  to  the  inner  surface  of  the  zona  pellucida  does  not  depend 
upon  a  chemotactic  stimulus,  for  it  was  found  that  the  phenomenon  was 
equally  well  seen  upon  (1)  ripe  eggs,  (2)  eggs  of  full  size  which  had  not 
undergone  maturation,  and  (3)  eggs  which  had  been  killed  with  osmic 
acid  and  then  washed.  Penetration  of  the  spermatozoa  into  the  gelatin- 
ising outer  wall  of  the  oosporangium  of  Cystocj/ra  harhata  (one  of  the 
Fticacew)  took  place  in  a  striking  manner,  the  jelly  becoming  densely 
crowded.  The  spermatozoa  likewise  collected  in  great  numbers  in  the 
jelly  from  the  cell-walls  of  seeds  of  Linum  usatissimum,  and  also  in  the 
zona  pellucida  of  Echinus  eggs  after  long  separation  by  shaking. 

The  entrance  of  the  spermatozoa  into  gelatinous  substances,  and  also 
their  attachment  by  the  head  to  living  eggs,  is  connected  with  their  power 
of  clinging  and  becoming  attached  to  surfaces  in  general.     The  more  or 

»  Dewitz,  Pfiuger'i  Archie,  Bd.  88,  1886,  p.  368. 
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less  radial  penetration  of  the  zona  pellucida  is  possibly  due  to  stereotaxis, 
but  a  purely  mechanical  explanation  is  not  excluded. 

Several  writers,  for  instance  Wilson,*  and  especially  Verwom,^  have 
supposed  that  chemotaxis  is  a  constant  factor  in  the  fertilisation  of  animal 
eggs.  This  generalisation,  which  has  been  made  by  arguing  from  the 
attraction  of  spermatozoa  to  the  eggs  of  certain  plants,  is  as  yet  entirely 
without  experimental  justification  as  regards  animals.  From  my  own 
results,  which  agree  with  those  obtained  by  Massart  *  in  the  case  of  the 
frog,  and  with  the  work  of  Dewitz  *  upon  certain  insects,  I  have  been  led 
to  suppose  that  whereas  contact  phenomena  are  of  great  importance, 
chemotaxis,  at  any  rate  for  a  great  number  of  animal  species,  plays  no 
r6le  whatever  in  bringing  the  spermatozoa  and  eggs  into  contact. 

Before  the  close  of  the  year  I  hope  to  publish  a  full  account  of  my 
work. 

It  gives  me  much  pleasure  to  acknowledge  my  indebtedness  to  the 
Committee  of  the  British  Association  for  the  use  of  the  table,  and  also  to 
the  staff  at  the  Stazione  Zoologica  for  their  kindness  and  courtesy. 

APPENDIX  II. 

A  List  of  Naturalists  who  have  worked  at  the  Zoological  Station  from 
the  end  of  June  1900  to  the  end  of  June  1901. 


Num- 

State or  University 

Duration  of  Occupancy        | 

ber  on 

Naturalist's  Name 

whose  Table 

List 

was  made  use  of 

1        Arrival 

Departure 

1183 

Dr.  F.  Bottazzi . 

Italy 

July    1,1900 

Oct.     7, 1900 

1184 

Dr.  F.  Capobianco     . 

♦f            •         • 

„       1, 

ff 

Dec.  31,     „ 

1185 

Prof.  A.  Russo  . 

f»            •        ' 

»f       3, 

ft 

Dec.  25.     „ 

1186 

Dr.  ?.  Ariola     . 

If            •        • 

„     16. 

ft 

Sept.30,     „ 

1187 

Prof.  F.  Raffa^le 

»»            •        • 

„     17, 

>i 

Nov.   1,    „ 

1188 

Dr.  E.  Radl       . 

Austria    . 

„     17, 

*f 

Aug.  13.     „ 

1189 

Dr.  E.  Andr6      . 

Switzerland     . 

n       18. 

fi 

Sept.  2,     „ 

1190 

Dr.  D.  Pedaschenko  . 

Russia     . 

,f    iJO, 

ft 

Aug.  20,     „ 

1191 

Dr.  P.  Enriquez 

Italy 

„    25, 

If 

Dec.    1,     „ 

1192 

Miss  M.  Pasquale      . 

»»           •        • 

Aug.    1, 

f» 

f»     31,     „ 

1198 

Dr.  G.  Mazzarelli       . 

If           •        • 

ff       2, 

ff 

8ept.29,     „ 

1194 

Dr.  E.  Germano 

Zoolog.  Station 

.,       4, 

ff 

Mar.    1,1901 

1195 

Dr.  A.  Leontowitsch . 

Russia     . 

„       6, 

If 

Aug.  31,    „ 

1196 

Dr.  F  Mazza     . 

Italy 

„     11. 

ff 

Sept.l5,     „ 

1197 

Dr.  T.  Meisenheimel". 

Prussia     . 

,,     35, 

f» 

Sept.24, 1900 

1198 

Dr.  E.  Crisafulli 

Italy 

„     15, 

— 

1199 

Prof.  S  Apiithy 

Hungary  . 

..     18, 

f» 

„    28,1900 

1200 

Prof.  F.  S.  Monticelli 

Italy 

„     20, 

>» 

— 

J  201 

Prof.  G.  Czokor. 

Austria    . 

M     26, 

1? 

Oct.  15,  1900 

1202 

Prof.  F.  Sanfelice      . 

Italy 

!      M     28, 

»f 

Nov.l.S,     „ 

1203 

Prof.  P.  Francotte     . 

Belgium  . 

„     30, 

fi 

Oct.  13,     „ 

1204 

Prof.  A.  Richter 

H unwary . 

„     31, 

If 

Sept.ll,    „ 

1205 

Prof.  H.  Bachmann  . 

Switzerland 

ff     81, 

fi 

Oct.  26,     „ 

1206 

Dr.W.  Straub   . 

Saxony    . 

Sept.   6, 

If 

Nov.  4.    „ 

'  E.  B.  Wilson,  The  Cell  in  Development  atid  Inheritance^  2nd  edition,  1900, 
p.  196. 

*  Verwom,  Physiologie,  1895,  p.  425. 

*  Massart,  Bulletins  de  VAcad.  ray,  des  8ci.  de  Belffiqve^  3«  s6r.,  torn,  xv.,  No.  6, 
1888,  and  torn,  xviii.,  No  8,  1889. 

*  Li»c.  ciU 
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Nam-  1 

State  or  University 

Duration  of  Occupancy        { 

ber  on        Naturalist's  Name 

whose  Table 

- 



i 

List 

was  made  use  of 
Italy        .        .        . 

Arrival 

Departure     | 

1207 

Dr.  F.  Marino   . 

Sept.  8,1900 

Oct.  19, 1900  1 

1208  '  Prof.  C.  Mensch 

Smithsonian  Table  . 

..     11. 

»* 

Sept.22,    „     I 

1209 

Dr.  M.  Henze    . 

Zoolog.  Station 

Oct.    1, 

»» 

—           ' 

1210 

Prof.  W.  T.  Porter     . 

University  Table    . 

..      6, 

Nov.  17. 1900 

1211 

Mr.  L.  Donoaster 

Cambridge 

.,       7, 

June  30, 1901 

1212 

Dr.  0.  Cohnheim 

Baden     . 

1  Nov.  21. 

„ 

Apr.  24.    „ 

1213 

Dr.  G.  Cecconi  . 

Italy 

.,    26. 

Feb.   5,    „ 

1214 

Dr.  G.  Mann 

Oxford     . 

Dec.  16. 

Jan.  10.    „ 

1216 

Baron  T.  v.  UexkuU  . 

Hesse 

M     17, 

»» 

— 

1216 

Dr.  N.  Goronowich    . 

Zoolog.  Station 

1      ..    22, 

»» 

Deo.  31, 1900 

1217 

Dr.  A.  Natbansobn    . 

Saxony    . 

1  Jan.    1,1901 

*""           1 

1218 

Dr.  von  Dungem 

Prussia    . 

.,      1. 

„ 

Apr.  18, 1901 1 

1219 

Dr.  G.  Jatta      . 

Zoolog.  Station 

.     -      ^' 

», 

— 

1220 

Dr.  G.  Tagliani 

Italy 

..      1, 

»i 

— 

1221 

Dr.  V.  Diamare . 

If           .        .        . 

»      1. 

t, 

— 

1222 

Dr.  F.  Capobianco    . 

„           .        .        . 

M       1. 

n 

— 

1223 

Dr.  M.  Pierantonl      . 

. 

»      1. 

,. 

— 

1224 

Prof.  T.  d'Evant 

. 

.,      1. 

., 

— 

1225  ,  Dr.  G.  Rossi 

»»           .        .        . 

H              1. 

>, 

— 

1226 

Prof.  C.  Gioffredi      . 

»»           .        .        . 

;     :.      h 

»f 

— 

'  1227 

Miss  Bncbanan . 

Oxford     . 

;   .,  21. 

„ 

Feb.  9,1901 

1228 

Dr.  E.  Bresslan . 

Strassburg 

Feb.    5, 

♦» 

Apr    4,     „ 

1229 

Dr.  M.  PhiUppson     . 

Belgium  . 

1      n     10. 

,, 

»»    26,     „ 

1230 

MissC.  Clapp   . 

American   Women's 
Table 

.     11, 

1 

1, 

May  23.    „ 

1231 

Miss  L.  Wallace 

»t           t»            • 

M         11, 

u 

„    23,    .. 

1232 

Dr.  E.  Riggenbacb    . 

Switzerland     . 

„     13, 

,» 

Apr.  13,    ,. 

1233  1  Dr.  H.  Harris    . 

BriHsk  Association . 

.       M      21, 

»» 

June   2,    „     1 

1234  1  Dr.  H.Winkler. 

Wttrtemberg    . 

Mar.  4, 

" 

Apr.  16,    „     ' 

1235 

Dr.  H.  Miehe     . 

Prussia    . 

,1       6, 

,» 

»»     27,     ., 

1236 

Dr.  A.  Fiscbel  . 

Austria    . 

M        9, 

», 

,»     16,     „     1 

1287 

Dr.P.Rothig    . 

Prussia    . 

,     ..      9, 

», 

Mar.  15,    ., 

1238 

Dr.  0.  Maas       . 

Bavaria    . 

..     11. 

,» 

May  25.    „ 

1239 

Dr.  C.  Giintber. 

Baden      . 

„     12, 

»» 

Apr.  18,     ,. 

1240 

Prof.  G.  Karsten 

Prussia    . 

1      »     H. 

»» 

,.    20,    „ 

1241 

Dr.  A.  Bailer 

British  Association . 

!      ,.     18, 

** 

,.     22,    „ 

1242 

Stud.  0.  Thesing 

Hamburg 

„    20, 

», 

Junel2,    „ 

1243 

Dr.  M.  Tobler   . 

Switzerland     . 

1     „     20. 

„ 

n      12.    ,. 

1244 

Miss  C.  Bonnevie 

Zoolog.  Station 
Austria    . 

,.    25, 

1* 

Apr.  16,    „ 

1245 

Prof.  S.  Exner  . 

„     29. 

,» 

„    24.    „ 

1246 

Dr.  F.  Kopscb  . 

Prussia 

1      „     30, 

„ 

„    29,    „ 

1247 

Dr.  F.  Stevens  . 

Smithsonian  Table  . 

1  Apr.   2, 

t, 

„     26.     „ 

1248 

Dr.  G.  Maxzaretti 

Italy 

„      2, 

»» 

,.     16.    ., 

1249 

Prof.  L.  Fredericq    . 

Belgium  . 

I,      6, 

„ 

June  1,    „ 

1250 

Dr.  R.  Burton  Opitz . 

University  Table 

„     27. 

», 

— 

1251 

Prof.  D.  Carazzi 

Italy 

„     27, 

»» 

— 

1252 

Prof.  T.  Voseeler 

Wttrtemberg   . 

May    2, 

.t 

June  4, 1901 

1253     Dr.  H.  Klnge     . 

Russia      . 

June   3, 

»i 

— 

1254     Miss  FL  Peebles 

American   Women'u 

..    28, 

u 
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APPENDIX  III. 

A  List  of  Papers  which  tvere  published  in  the  year  1900  by  the  ^Naturalists 
who  luive  occupied  Tahhs  in  the  Zoological  Station, 

.    L'Embriologia  deir  Aphysia  limacina  L.  Anatombcher 

Anzeiger,  17  Bd.  1900. 
.     Bicerche  sul  Plankton  del  lago  Fusaro  in  rapporto  con  la 

Ostricoltura.     Boll.  not.  ag^.  Minist.  Agric.  Anno  22, 

1900. 
.    iibei  das  Anseinandergeben  von  Furchungs-  und  Gewebe- 

zellen  in  kalkfreiem  Medium.    Arcbiv  f.  £ntw.  Mech. 

Roux  9  Bd.  1900. 
.    Cross-fertilisation  among  Kchinoids.      Archiv  f.  Bntw. 

Mecb.  Roux  9  Bd.  1900. 
Certain  Laws  of  Variation.    I.  The  Reaction  of  Developing 

Organisms  to  Environment.  Free  Royal  Society,  vol.  67, 

1900. 
Intorno  alia  natura  ed  alle  ragioni  del  colorito  giallo  del 

oentri  nervosi  elettrici.    Anatomischer  Anzeiger,  1 7  Bd. 

1900. 
.     Die  Yeranderungen  in  den  Ganglienzellen  des  elektrischen 

Lappens  der  Zitterrochen  nach  Dnrcbschneidung  der 

aus  ihm  entspringenden  Nerven.     Archiv  f.  Anat.  u. 

Physiol.  Anat.  Abth.  1900. 
On    the    formation  of  the   Pelvic  Plexus,  with  special 

reference  to  the  nervus  collector  in  tiie  genus  Mustelus. 

Phil.  Trans.  Royal  Society.  London,  vol.  192, 1900. 
.    t) ber  die  Furchung  unbefruchteter  Eier  unter  der  Einwir- 

kung  von  Extrativstofifen  aus  dem  Sperma.    Nachr.  k. 

Ges.  Wifs.  Gottingen,  1900. 
.    Das  Phytoplankton  des  Golfes  von  Neapel,  nebst  ver- 

gleichenden  Ausblicken  auf  das  des  atlantischen  Oceans. 

Mitth.  Z.  Station,  vol.  14, 1900. 
.    Untersuchungen  iiber  die  Entwickelung  der  Gephalopoden 

Mitth.  Z.  Station,  vol.  14,  1900. 
.    Biologische  Beobachtungen  an  Lophobranchiem.     A.bh. 

aus  d.  Geb.  der  Naturw.    Verein  Hamburg,  16  Bd. 

1900. 
.    Uber  die  Wirkung  des  Phosphors  und  des  Pulegons  auf 

die  Cephalopoden.     Beitrage  path.   Anat.   u.  Pathol. 

Ziegler,  27  Bd.  1900. 
.    Uramie  bei  Cephalopoden.    Ibid.  1900. 
.    Suir  agg^uppamento  dei  primi  element!  sessuali  nelle 

larve  di  Antedon  rosacea.    Rend.  Aocad.  Lincei,  vol.  9, 

1900. 
.    Sulla  funzione  renale  dell*  organo  genitale  delle  Olotune 

(sunto).    Rendic.  1  Assemblea  Unione  Zoologica  Ital. 

Bologna,  1900. 
.    La  Tuberculosi  sperimentale  net  Pesci.     Arte  medica, 

AnnoIL  1900. 
Enri-    Sulle  propriety  osmotiche  delle  glandole  saUvari  posteriori 

dell'  Octopus  macropns.     Milano,  1900. 
.    Experimen telle    Studien    iiber    Regeneration.      Biolog. 

Centralblatt,  20  Bd.  1900. 
Mittheilungen   iiber  Siphonophoren  Nesselzellen.      Arb. 

Z.  Inst.  Wien,  12  Bd.  1900. 
La  Rigenerazione  nelle  Planarie  marine.  Memorie  Istituto 

Lombardo  Scienze  e  Lettere,  vol.  19,  III.  1900. 
.    On  the  Nephridia  of  the  Polycbaeta.    Part  III.    Quart 

Joum.  Micr.  Sc,  vol.  43,  1900. 
.    Observations  on  Byllis  vivipara  Krohn.    Journal  Linnean 

Society,  vol.  28, 1900. 


D.  Carazzi 

H.  Herbst 

H.  M.  Vernon 
»» 

A.  Romano 
S.  Garten 

R.  C.  Punnett 
H.  Winkler     . 

B.  SchrSder    . 

V.  Faussek      . 
G.  Duncker 

W.  Lindemann 

t* 
A.  Rasso 

»»  • 

E.  Germano    . 

F.  Bottazzi  and  P. 
quez 

H.  Przibram    . 

C.  K.  Schneider 
Rina  Monti 

E.  S.  Goodrich 
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0.  Carlgren 


D.  M.  Mottier. 

T.  H.  Morgan  and  P.  A. 

Hazen. 
Florence  Peebles 


H.  Jordan 
F.  B.  Sumner 

F.  Raffaele 
B.  Hesse 


S.  MetalnikofF 
R.  S.  Bergh 


E.  Cristafalli 

w 

0.  V.  Fttrth 

>f 
T.  V.  UxkaU 

F.  8.  MoDticelli  and  S. 
Lo  Bianco 

B.  Weinland  . 
A.  Borgert 


IJber  dieEinwirkongdesoonstantengalvanischen  Stromes 

aaf  niedere  Organismen.    Archiv  f.  Anat.  und  Phys., 

Phys.  Abth.,  1900. 
Zur  Kenntnlss  der  stichodaotylinen    Actinarien.      Ofv. 

Kong.  Vetensk.  Akad.  Forh.,  1900. 
Nacl  3ar  and  Cell  Division  in  Dictyota  dichotoma.    AcnaU 

of  Botany,  vol.  14, 1900. 
The  Gastrulation  of  Amphiozas  (partim).    Journal  of 

Morphology,  vol.  16,  1900. 
Experiments  in  regeneration  and  in  grafting  of  Hydrozon. 

Archiv  f.  Entw.  Mechanik  Rooz,  10  Bd.  1900  (partim). 
Dber  die    Anwendung  v.   Celloidin    in    Mischung    mil 

Cedemholzol.     Zeitscbr.  f.  wiss.  Mikros.    17  Bd.  1900. 
Kupfer's  Vesicle  and  its  Relation  to  Qastmlation  and 

Concrescence  (partini).     Mem.  N.  Y.  Acad,  of  Sc, 

vol.  2,  1900. 
Per  la  Genesi  del  Nervi  da  Gatene  cellalari  (partim), 

Anat.  Anzeiger,  18  Bd.  1900. 
Untersachungen  iiber  die  Organe  der  Lichtempfindung 

bei  niederen  Tieren.    IV.  Die  Angen  einiger  MoUusken. 

Zeitscbr.  w.  Zool.  48  Bd.  1900. 
Slpuncnlus  nudas.    Zeit.  wiss.  Zool.  48  Bd.  1900. 
Beltr&ge  sur  vergleichenden  Hibtologie.    II.  t^ber  den 

Baa  der  Gefasse  bei  den  Anneliden*  2.    Mittheilung 

Anatom.  Hefte  Merkel,  15  Bd.  1900. 
Ricercbe  sperimentali  sulla  Fisio-patologia  del  Cervelletto. 

Rlforma  medica,  Anno  16, 1900. 
Snlle  Alterazioni  secondarie  del  Citoplasma  nervoso.  Giom. 

Assoc.  Napol.  Med.  Nat.  Anno  X.  1900. 
tJber  den  Stof[\vechsel  der  Cephalopoden.    Zeitscbr.  f. 

phys.  Chemie.    31  Bd.  1900. 
Dber  die  Eiweisskorper  der  Kaltbliitermuskeln  and  ibre 

Beziebang  znr  Warmestarre.    Ibid.  31  Bd.  1900. 
Die  Wirkung  von  Licbt  and  Scbatten  auf  die  Seeigel. 

Zeitscbr.  f.  Biologie,  40  Bd.  1900. 
Sallo  svilappo  dei   Peneidi  del  Golfo  di  Napoli  (note 

riassantive).    Rendic.  1  Assemblea  Qnione  Zool.  Ital. 

Bologna,  1900. 
Ober  das  Aaftreten  zweier  verscbiedenen  Verdauangs* 

secrete  im  Magen  der  Rocben.    Sitz.  Ber.  Ges.  Morph. 

a.  Phys.  Mtincben.     16  Bd.  1900. 
Untersaobnngen  Uber  die  Fortpflanzang  der  tripyleen 

Radiolarien,  speciell    von    Aulacantba    scolymantha. 

Zool.  Jabrb.  Abth.  Anat.  und  Ontog.     14  Bd.  1900. 


APPENDIX  IV. 

A  List  of  the  Publications  of  the  Zoological  Station  duiiny  the  year 
ending  June  30,  1901. 

1.  '  Fanna  und  Flora  des  Golfes  von  Neapel.'    P.  Falkenberg,  Rbodomclaeeen, 
776  pp.,  witb  24  plates 

2.  *  Mittbeilungen  aosder  zoologischen  Station  zu  Neapel.*  Vol.  xiv.  parts  8  and  4, 
with  8  plates. 

3.  •  Zoologiscber  Jabresbericht  *  for  1899. 

4.  *  Guide  to  the  Aquudum.'    A  new  English  edition  is  being  prepared. 
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Iindex  Animalium. — Report  of  the  Committee^  consisting  of  Dr.  HeNRY 
Woodward  {Chairman),  Mr.  W.  E.  Hoyle,  Mr.  K.  McLachlan, 
Dr.  P.  L.  ScLATER,  Rev.  T.  R.  R.  Stebbing,  and  Dr.  F.  A.  Bather 

{Secretary), 

The  Committee  has  the  honour  to  report  that  daring  the  last  year  the 
whole  of  the  entries  covering  the  period  from  1758-1800  have  been 
arranged,  sorted,  the  duplicate  entries  eliminated,  and  the  remainder — 
about  62,000 — got  ready  for  press.  Of  these  perhaps  some  6,000  are 
duplicates,  but  owing  to  the  loose  methods  of  authors  the  compiler 
cannot  decide,  and  it  has  been  thought  better  to  include  them,  leaving  it 
to  the  specialist  to  reject  such  duplicates  rather  than  to  run  the  risk  of 
omitting  a  possibly  important  entry.  Negotiations  entered  into  with  the 
Cambridge  University  Press  have  ended  in  a  satisfactory  manner,  and 
the  work  of  printing  this  first  part  of  the  Index  was  b^un  at  the  end  of 
May  1901.  The  work  will  take  about  twenty  months  to  go  through  the 
press,  will  comprise  some  1,000  pages,  and  will  be  provided  with  an  index 
to  the  trivial  names  under  genera,  the  same  slips  as  are  used  for  the  main 
work  being  re-sorted  under  genera  as  fast  as  they  come  off  the  press.  This 
method  has  been  adopted  for  several  reasons,  6.^.,  the  great  expenditure 
of  time  if  a  copy  of  all  the  slips  were  made,  and  the  fact  that  those  who 
desire  to  know  what  trivial  names  are  included  under  a  genus  can  as 
easily  refer  to  the  end  as  to  the  body  of  the  book. 

A  complete  list  of  works  consulted  has  been  prepared,  and  will  be 
printed  :  this  will  be  annotated  throughout  with  bibliographic  notes  as  to 
dates  and  contents,  and  should  prove  of  considerable  value  to  librarians 
and  others  as  regards  the  rarer  literature.  It  is  gratifying  to  be  able  to 
report  that  very  few  publications  have  eluded  the  search  of  the  compiler, 
but  these  Mr.  C.  Davies  Sherborn  does  not  regard  as  likely  to  be  of 
importance.  They  may  possibly  contain  a  few  specific  names,  but  it  is 
hardly  probable. 

The  indexing  of  1801-1900  continues,  and  will  proceed  more  rapidly 
now  the  early  MS.  is  out  of  hand.  It  is  hoped  that  the  finished  work, 
when  it  appears,  will  fully  justify  both  the  time  spent  upon  it  and  the 
generous  support  received  from  the  British  Association,  the  Royal  Society, 
and  the  Zoological  Society,  and  that  the  Committee  will  have  placed  at 
its  disposal  an  even  more  liberal  support  in  the  future.  It  must  be 
remembered  that  up  to  the  present  every  entry,  and  every  portion  of  the 
purely  mechanical  part  of  the  work,  has  been  done  by  Mr.  Sherborn,  and 
that  many  months  of  his  time  could  have  been  saved  for  the  more 
important  labour  of  recording  had  the  Committee  been  able  to  pay  for 
the  assistance  of  even  a  boy  to  do  the  sorting,  alphabetical  arrangement, 
and  numbering  of  the  slips.  However,  as  it  is,  we  have  now  the  results 
of  the  labours  of  one  man,  and  the  Committee  regards  this  as  showing  in 
a  most  satisfactory  manner  the  definite  plan  of  the  proposer  and  compiler 
of  this  colossal  undertaking. 

The  Committee  earnestly  requests  its  reappointment,  with  a  grant 
of  100/. 
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Cored  Reefs  of  the  Indian  Regions, — Second  Report  of  the  CommUtee, 
consistiTig  of  Mr.  A.  Sedgwick  (Chairman),  Mr.  J.  Graham  Kerr 
(Secretai-y),  Professor  J.  W.  JuDD,  Mr.  J.  J.  Lister,  and  Dr.  S.  F. 
Harmer,  appointed  to  investigate  the  Structure,  Formation,  and 
Growth  of  the  Coral  Reefs  of  the  Indian  Region. 

The  Committee  have  received  the  following  report  from  Mr.  J.  Stanley 
Gardiner  : — 

During  the  greater  part  of  the  year  I  have  been  engaged  single- 
handed  in  sorting  and  properly  labelling  the  marine  collections  from  the 
Laccadive  and  Maldive  Archipelagoes.  This  is  now  completed,  and 
they  are  divided  into  groups,  each  with  our  notes  as  to  localities, 
depths,  6^. 

For  more  than  thirty  of  the  groups  I  have  been  promised  the  services 
of  various  zoologists  in  this  country.  About  half  of  these  have  already 
received  their  collections,  and  I  hope  to  forward  the  remainder  shortly. 
I  have,  up  to  the  present,  received  reports  from  Mr.  P.  Cameron 
(Hymenoptera,  25  species,  16  new),  Mr.  R.  C.  Punnett  (Nemerteans, 
12  species,  9  new),  Mr.  Ed.  Meyrick  (Lepidoptera,  66  species,  4  new), 
Mr.  F.  F.  Laidlaw  (Reptilia),  and  Mr.  Oldfield  Thomas  (Mammalia).  In 
addition,  Mr.  Borradaile  has  sent  me  a  complete  memoir  on  the  Land 
Crustaceans,  and  I  have  prepared  a  great  part  of  my  report  on  the  struc- 
ture, formation,  and  growth  of  the  reefs.  The  land  flora  of  the  group 
has  now  been  worked  out,  and  a  complete  report  on  it  will  shortly  be 
published  by  Mr.  J.  C.  Willis  and  myself  in  the  *  Journal '  of  the  Pere- 
deniya  Gardens,  Ceylon. 

The  collections  so  far  seem  to  justify  the  conclusions,  drawn  in  my 
last  report,  as  to  their  completeness.  Dr.  David  Sharp,  who  has  taken 
charge  of  the  insect  coUections,  has  expressed  considerable  satisfaction 
both  as  to  their  exhaustiveness  and  state  of  preservation,  and  Professor 
Hickson  writes  as  follows  :  *  There  is  quite  enough  to  show  the  general 
character  of  the  shallow  water  fauna  (Alcyonaria,  0-50  fathoms),  and  it 
is  not  probable  that  many  new  species  will  be  found  in  this  region  after 
the  collection  has  been  worked  out.' 

Publication,  in  view  of  the  large  number  of  new  species,  is  an  extremely 
difficult  matter,  especially  as  it  seems  very  desirable  that  the  reports 
should  be  kept  together.  I  may  draw  attention  to  the  general  opinion 
expressed  at  the  International  Congress  of  Zoology  (1898)  as  to  the 
desirability  of  properly  illustrating  new  species  wherever  possible.  The 
University  Press  (Cambridge)  have  undertaken  the  publication  in  a 
series  of  eight  quarto  parts,  each  of  about  120  pages,  on  the  condition 
that  they  are  not  called  upon  to  expend  more  than  200^.  on  illustrating 
the  work.  It  is  calculated  that  at  least  seventy  plates  and  150  text-figures 
would  be  required  to  adequately  illustrate  the  fauna  and  geography. 
These  cannot  be  prepared  in  a  suitable  manner  for  less  than  450^.,  and  I 
would  ask  your  assistance  towards  the  additional  250/.  required. 

The  Committee  seek  reappointment. 
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Bird  Migration  in  Great  Britain  and  Ireland, — Fourth  Interim  Report 
of  the  Committee,  consisting  of  Professor  Newton  (Chairm^an), 
Rev.  E.  P.  Knubley  (Secretary),  Mr.  John  A.  Harvie-Brown, 
Mr.  R.  M.  Barrington,  and  Mr.  A.  H.  Evans,  appointed  to  work 
out  the  details  of  the  Observations  of  Migration  of  Birds  at  Light- 
houses  and  Lightships,  1880-87. 

Your  Committee  has  again  great  pleasure  in  repotting  that  Mr.  William 
Eagle  Clarke  has  been  continuing  his  invaluable  services,  and  the  sub- 
joined statement  received  from  him,  together  with  a  Summary  of  Observa- 
tions in  reference  to  the  Migrations  of  the  Skylark  {Alauda  arvensis)  and 
the  Swallow  {Hirundo  rustica) — the  former  being  of  an  extremely  com- 
plicated nature — shows  the  results  of  an  enormous  amount  of  labour, 
wrought  out  with  proportionate  skill,  of  which  your  Committee  desires 
to  express  its  most  grateful  admiration. 

A  serious  deficiency  of  data  in  regard  to  the  migrations  of  some  other 
species  on  the  south  coast  of  England  has  become  apparent,  and,  at  the 
suggestion  of  Mr.  Clarke,  application  was  made  to  the  authorities  of  the 
Trinity  House  to  permit  a  renewal  of  observations  at  the  Lighthouses  and 
Lightships  along  that  coast.  The  consent  of  the  Elder  Brethren  having 
been  most  courteously  given,  and  the  cost  defrayed  from  private  sources, 
the  necessary  schedules  have  been  forwarded  to  the  several  stations. 
Tour  Committee  is  aware  that  in  thus  acting  it  may  have  exceeded  its 
duties  according  to  the  strict  terms  of  its  appointment,  but  trusts  that,  in 
the  circumstAnces,  the  transgression  (if  it  be  so  regarded)  will  be  pardoned, 
•eeing  that  its  object  was  to  supply  a  void  left  through  inadvertence  by 
the  older  Migration  of  Birds  Committee  ;  that  it  introduced  no  new 
principle  ;  and,  moreover,  that  otherwise  a  whole  year  would  have  been 
lost. 

On  two  previous  occasions  your  Committee  has  referred  to  the  private 
labours  of  one  of  its  members  (Mr.  Barrington)  in  regard  to  observations 
at  the  Irish  Lights.  These  have  now  been  published  in  eoctenso,  forming 
a  volume  ^  which  is  perhaps  the  most  monumental  contribution  to  the 
literature  of  Bird  Migration  ever  issued ;  while  its  appendix,  giving  the 
precise  wing- measurements  of  so  many  specimens,  is,  apart  from  the  subject 
it  especially  illustrates,  a  matter  of  importance  for  the  student  of  varia- 
tion. Thanks,  too,  to  that  gentleman's  exertions,  the  work  has  the 
additional  merit  of  containing  the  results  of  ten  years  more  than  the 
period  covered  by  the  inquiry  carried  on  by  the  Association's  former 
Committee  ;  a  fact  which  enormously  enhances  the  value  of  the  Iri^h 
records. 

Without  pledging  itself  to  a  positive  assurance  in  the  matter,  your 
Committee  hopes  that,  if  reappointed,  as  it  desires  to  be,  it  will,  in  the 
course  of  two  years  more,  bring  to  a  conclusion  the  work  with  which  it 
has  been  charged,  so  far  as  being  able  to  give  a  summary  of  the  movements 

*  The  Migration  of  Birds  as  observed  at  Irish  Lighthouses  and  Lightships,  indad- 
ing  the  original  Reports  from  1888-97,  now  published  for  the  first  time,  and  an 
ax^ysis  of  them  and  of  the  previously  published  Reports  from  1881-87,  together  with 
an  appendix  giving  the  measurements  of  about  1,600  wings.  By  Richard  M.  Barring* 
ton,  M.A.,  LL.B.,  F.L.S.    London  and  Dublin  :  [1890]  (pp,  xxvi  +  285  +  667). 
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of  the  most  representative  species  of  migrants.  The  Song-Thrush, 
"White  Wagtail,  Skylark,  and  Swallow  being  now  done,  it  is  proposed  to 
invite  Mr.  Clarke's  attention  to  a  like  treatment  of  the  Starling,  Book, 
Lapwing,  and  some  others,  which  will  presumably  present  no  little 
divergence  in  the  character  of  their  migrations. 

Thus  your  Committee  respectfully  repeats  its  request  for  reappoint- 
ment, and,  if  possible,  with  an  increased  grant  of  money. 

Statement  made  to  the  Committee, 
By  Wm.  Eagle  Clarke. 

During  the  past  year  I  have  devoted  much  time  to  the  study  of  the 
seasonal  movements  of  a  number  of  our  birds,  and  I  present  herewith,  for 
the  consideration  of  the  Committee,  histories  of  the  various  migrations 
performed,  annually  within  the  British  area  by  the  Skylark  and  the 
Swallow. 

The  preparation  of  these  complete  and  particular  accounts  has  proved 
to  be  a  laborious  and  difticult  undertaking,  since  a  number  of  the 
movements  to  be  treated  of  are  so  intricately  interwoven  with  or  so 
insensibly  merge  into  each  other,  or  are  performed  under  such  obscure 
conditions,  as  to  render  their  discrimination  and  interpretation  matters 
demanding  most  careful  consideration. 

The  following  accounts  of  the  migrations  of  the  Skylark  and  the 
Swallow  are  in  the  main  based  upon  the  data  obtained  at  the  Light- 
stations  and  elsewhere  during  the  years  1880-87  ;  but  other  sources  of 
information  have  been  consulted,  including  the  Scottish  Migration 
Beports  for  1892-1900  of  Messrs.  Hinxman  and  Laidlaw,  and  the 
Irish  Beports  for  1888-97  of  Mr.  Barrington. 

It  is  my  pleasing  duty  to  acknowledge  the  assistance  I  have  received 
from  Professor  Collett,  of  Christiania,  who  has  most  obligingly  furnished 
me  with  useful  notes  relating  to  the  movements  of  birds  in  Southern 
Norway  ;  and  from  Herr  Knud  Andersen,  of  Copenhagen,  who  has  given 
me  much  valuable  information  on  the  migratory  birds  observed  in  the 
Fseroe  Islands. 

The  Migrations  of  the  Skylark  (Alauda  arvensia). 

In  the  British  Islands  the  Skylark  is  not  only  one  of  the  best- known 
species,  but  also  one  which  can  be  almost  always  met  with,  so  that  com- 
paratively few  people  suspect  the  extent  to  which  it  is  migratory,  and 
fewer  still  are  aware  of  the  coitiplexity  of  its  migrations,  which  present 
problems  more  diflQcult  to  solve  than  those  of  any  other  British  bird  ; 
yet  this  is  undoubtedly  the  case. 

As  a  migrant,  no  species  makes  so  groat  a  show  in  the  returns  of  the 
several  Light-stations,  and  the  account  which  follows  is  based  upon 
upwards  of  four  ihoicsand  individual  records.  Yet  within  the  British 
area  the  Skylark  is  for  the  most  part  Besident  as  a  species,  though 
shifting  its  quarters  when  affected  by  frost  or  snow,  as  is  obvious  to 
almost  any  observer.  The  degree  to  which  our  native  Skylarks  are  migra- 
tory depends  on  the  varying  conditions  of  climate  and  food.  In  the 
lowlands  of  Great  Britain,  especially  in  the  south-west  of  England  and 
throughout  Ireland  generally,  the  migratory  habit  is  less  exercised,  pre- 
sumably because  it  is  less  necessary  there  than  elsewhere.  On  the  other 
hand  there  are  considerable  tracts  which,  from  their  elevated,  exposed,  or 
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northerly  situatioD,  ai*e  not  suited  for  winter  residence,  and  to  those 
the  Skylark  is  merely  a  Summer  Visitor,  as  it  is  to  nearly  the  whole  of 
Northern  and  a  great  part  of  Central  iiurope,  departing  after  the 
breeding  season  to  its  accustomed  winter  quarters.  During  its  joumeyings 
to  the  south  and  west  in  the  fall  of  the  year,  and  again  on  its  return  in 
spring,  the  Skylark  appears  in  vast  numbers  on  our  coasts  as  a  Bird  of 
Passage,  while,  owing  to  their  intermediate  geographical  position  and 
their  milder  climate,  the  British  Islands  are  much  resorted  to  by  the 
Continental  Skylark  as  a  Winter  Visitant.^ 

The  various  migrations  of  the  species  may  be  conveniently  separated 
and  arranged  as  follows,  beginning  with  the  autumnal  movements  ;  and 
when  it  is  considered  that  several  of  these  movements  are  often  simul- 
taneously in  progress,  some  idea  of  their  complexity  and  the  extreme 
difficulty  of  their  interpretation  may  be  realised  : — 

1.  Autumn  Emigration  of  Summer  Visitants,  with  their  offspring, 
i.e.,  home-breeding  and  home- bred  birds. 

2.  Autumn  Immigration  of  Winter  Visitants  from  Central  Europe. 

3.  Autumn  Immigration  of  Winter  Visitants  from  Northern  Europe. 

4.  Autumn  Passage  from  Central  to  Southern  Europe  along  the  British 
ooast. 

5.  Autumn  Passage  from  Northern  to  Southern  Europe  along  the 
British  coast. 

6.  Winter  Emigration  from,  and  Partial  Migration  within,  the 
British  Islands. 

7.  Spring  Immigration  of  Summer  Visitants,  and  return  of  Winter 
Emigrants. 

8.  Spring  Emigration  to  Central  Europe  from  the  British  Isles. 

9.  Spring  Emigration  to  Northern  Europe  from  the  British  Isles. 

10.  Spring  Passage  from  Southern  to  Central  and  Northern  Europe 
along  the  British  coast. 

But  even  this  is  not  all,  for  the  movements  which  take  place  between 
Great  Britain  and  Ireland,  as  well  as  between  Great  Britain  and  the 
Hebrides  and  Northern  Islands,  have  also  to  be  considered. 

1.  Autumn  Emigraiion  of  Home-bred  Birds, — Towards  the  close  of 
the  nesting  season  an  increased  number  of  Skylarks  is  observable  in  the 
lowlands,  particularly  near  the  coast  ;  a  fact  due,  no  doubt,  to  migra- 
tion from  the  higher  grounds,  to  which  the  species  is  only  a  summer 
visitor.  So  early  as  July  in  some  years  there  are  a  few  records  from  the 
Light-stations  showing  that  departure  has  already  commenced,  but  these 
early  flittings  must  be  regarded  as  exceptional. ^  During  August  there 
are  usually  a  few  signs  of  emigration,  and  towards  the  end  of  that  month 
there  is  evidence  that  it  has  fully  set  in.     These  late  August  movements 

^  No  unfailiDg  distinction  between  British  and  foreign  Skylarks  has  hitherto  been 
recognised  by  ornithologists  generally.  In  attempting  to  draw  one  here,  the  writer 
has  chiefly  relied  upon  what  can,  with  more  or  less  probability,  be  presnmed  as  to 
the  origin  of  the  pajticnlar  flocks  from  connecting  the  different  observations  of  them 
whereby  their  course  may  be  traced. 

2  The  most  remarkable  instance  of  this  kind  occurred  on  the  night  of  July  25, 
1881,  when  a  great  number  of  Skylarks  appeared  at  the  Leman  and  Ower  Lightship, 
off  the  Norfolk  coast,  and  giwtj/  were  killed  by  striking  the  lantern,  and  at  the  same 
time  Jffty  were  killed  at  the  Dudgeon,  a  neighbouring  Lightship.  The  weather  was 
wet,  changeable,  and  cold  for  the  time  of  year. 
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include  departures  from  the  Hebrides  and  other  western  isles,  as  witnessed 
by  birds  observed  at  or  killed  against  the  lanterns  of  Skerryvore  and 
Dhuheartach,  but  there  is  no  appearance  of  any  emigration  from  Ireland 
in  this  month,  which  is  a  rather  remarkable  and  significant  fact. 
Throughout  September  the  emigratioi^  is  much  more  evident  on  both 
eastern  and  western  coasts,  the  Hebrides  contributing  largely  to  the 
latter.  In  some  seasons  a  marked  migration  is  recorded  from  Shet- 
land,^ where  the  species  is  chiefly  a  summer  visitant.  In  Ireland,  too, 
there  is  evidence  from  the  south-eastern  stations  that  the  exodus  has 
begun.  Towards  the  end  of  the  month  the  movement  is  more  marked, 
especially  in  unsettled  weather,  when  Skylarks  are  recorded  as  emigrating 
by  night  in  company  with  Thrushes,  Blackbirds,  Ring-ousels,  Wheatears^ 
Chiffchafis,  Whitethroats,  Wagtails,  and  other  birds.  As  the  season 
advances  emigration  is  naturally  quickened  until  the  early  days  of 
November,  when  this  movement  ceases  to  be  observed.  In  some  years  a 
foretaste  of  winter,  in  others  periods  of  exceptionally  unsettled  weather 
cause  pronounced  *  rushes '  southward.^ 

During  the  autumn  Skylarks  gradually  draw  towards  the  coast,  on 
reaching  which  they  pass  southwards  in  straggling  parties.  On  some 
days  a  succession  of  bands  may  be  seen  following  each  other  throughout 
the  whole  day,  and  in  September  and  October,  if  the  weather  be  fine  with 
light  winds,  such  bands  may  be  observed  for  days  together  without  a 
break.  This  coasting  movement  is  chiefly,  if  not  entirely,  performed  by 
day ;  but  it  is  otherwise  when  a  considerable  expanse  of  sea  is  to  be 
crossed,  as  from  Shetland,  the  Hebrides,  or  Ireland,  and  then  their 
migration  as  a  rule  is  undertaken  by  night.  The  journey  is  continued 
along  both  coasts  of  Great  Britain  until  the  southern  and  particularly 
the  south-western  counties  are  reached,  many  of  the  east-coast  migrants 
passing  along  the  south  coast  westward.  Probably,  only  a  portion  of  the 
Skylarks,  which  move  during  the  early  autumn,  quit  our  shores,  many 
no  doubt  tarrying  on  the  south  or  south-western  coast.  Others,  how- 
ever, certainly  depart  for  the  Continent,  crossing  the  Channel  chiefly 
at  night  to><ether  with  birds  of  many  other  species  ;  but  I  myself  in  passing 
between  Newhaven  and  Dieppe  in  September  have  observed  small  parties 
of  Skylarks  in  mid-channel  making  for  the  French  coast  during  the  day- 
time. 

2.  Autumn  Immigration  from  Central  Europe,^ — This  movement  is  the 
most  interesting  and  remarkable  performance  of  the  Skylark,  or  perhaps 
of  any  other  British  species,  as  it  aflbrds  a  striking  instance  of  the  phe- 
nomenon of  birds  proceeding  westward,  and  possibly  northward,  from 
their  breeding  grounds  to  reach  their  winter  quarters,  and  this  in  vast 
numbers  for  several  successive  weeks,  with  scarcely  a  break.  In  some 
seasons  this  Immigration — which  may  be  called  especially  the  Skylarks' 
route,  since  they  not  only  greatly  outnumber  the  birds  of  any  other 

*  The  date  of  the  first  movement  from  Shetland  varies  according  to  the  nature 
of  the  season.  In  1882  it  was  observed  as  early  as  September  15,  and  in  188G  on 
September  25.    The  autumn  emigration  thence  does  not  usually  begin  until  October. 

*  There  can  be  little  doubt  tlmt  during  October  and  November  the  emigration  of 
our  home-bred  Skylarks  merges  to  some  extent  with  the  Passage  movement  from 
Northern  to  Southern  Europe  then  in  progress  along  our  coasts. 

*  Evidence  accumulated  since  the  presentation  of  the  *  Digest  of  Observations ' 
{Rep.  Brit.  Assoc.,  1896,  p.  466)  confirms  the  reasons  therein  stated  for  considering 
Western  Central  Europe  one  of  the  areas  whence  Skylarks  and  certain  other  birds 
emigrate  to  the  British  Islands. 
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species  asiug  it,  but  probably  the  whole  aggregate — sets  in  as  early  as  the 
middle  of  September,  but  more  commonly  about  the  fourth  week  of  that 
month.  On  reaching  our  coast  the  majority  of  the  immigrants  move 
along  it  southward,  and  then  westerly  to  the  Land  s  End,  some  crossing 
the  Channel  at  various  points  to  the  French  coast,  while  others  seem  to 
continue  westward  or  northward  to  Ireland,  appearing  on  the  coast  of 
Wexford  at  dates  varying  from  the  middle  to  the  end  of  the  month,  but 
having  relation  to  those  of  their  arrival  on  the  east  coast  of  England.  A 
considerable  number  of  the  Immigrants,  however,  on  their  arrival  in 
England  proceed  inland,  and  disperse  over  the  eastern,  southern,  and  mid- 
land counties.  It  is  in  October,  however,  that  this  stream  of  immigra- 
tion becomes  phenomenal.  It  then  has  the  coast  of  Suffolk  for  its  centre, 
with  its  right  wing  extending  to  the  Humber,  or  even  to  or  beyond  the 
Tees  ;  while  the  left,  to  some  extent  reinforced  by  birds  of  British  origin, 
sweeps  along  the  south  coast  to  Devon  and  (Cornwall,  and,  as  in  September, 
to  Ireland.  The  winter  visitants  among  these  October  immigrants  pass 
inland  by  several  routes  ;  a  good  many  proceed  up  the  Thames  and 
Humber  estuaries.  Some  idea  of  the  magnitude  of  this  influx  may  be 
gathered  from  this  table,  showing  the  number  of  days  during  October 
on  which  it  was  observed  in  each  of  the  years  : 


1880. 

22  days 

1883. 

9  days 

1886.  23  days 

18K1. 

12  „ 

1884 

19  „ 

1887.»  26  „ 

1882. 

14  „ 

1885 

21  ,. 

After  October  this  Immigration  falls  off.  The  November  movements  vary 
according  to  the  weather,  but  are  never  of  great  moment  after  the  first 
few  days  of  the  month,  when  in  most  years  they  practically  cease.  In 
November  1883  and.  1886  no  east-to-west  movements  were  recorded. 

It  is  characteristic  of  this  immigration  that  the  passage  across  the 
North  Sea  is  invariably  witnessed  during  the  daytime,  usuaUy  from  dawn 
to  noon,  but  not  unfrequently  prolonged  till  3  p.m.,  and  the  birds  con- 
cerned in  it  are  actually  crossing  the  line  of  flight  taken  by  the  home- 
bred birds  which  are  then  emigrating  ;  a  very  remarkable  but  not  very 
uncommon  occurrence  in  October.  Other  species  crossing  the  North  Sea 
at  this  time  in  company  with  the  Skylarks  are  Starlings,  Titlarks, 
Chaflinches,  Linnets,  Blackbirds,  and  Books. 

3.  Autumn  Immigration  from  Northern  Europe, — Great  numbers  of 
Skylarks  which  summer  in  Scandinavia,^  seek  our  shores  in  autumn,  their 
first  arrival  during  the  years  1880-87  being  remarkably  constant  (October 
4  to  8),  when  the  birds  appear  in  Shetland,  Orkney,  on  the  east  coast 
of  Scotland  and  north- east  coast  of  England,  during  the  night  or  early  in 
the  morning,  in  company  with  Thrushes,  Redwings,  Blackbirds,  Ring- 
ousels,  Gk)ldcrests,  Chaffinches,  Bramblings,  and  other  species  breeding  in 
the  north.  These  arrivals  continue,  at  intervals,  during  October,  and 
the  Skylark  participates  largely  in  those  remarkable  movements  which 
characterise  the  latter  part  of  the  month.  These  vast  outpourings  seem 
to  exhaust  the  emigration  from  Northern  Europe,  for  it  was  only  during 
cwo  years  (1883  and  1884)  of  the  inquiry  that  considerable  arrivals  from 

*  Many  recorded  on  October  9,  20,  21,  23,  and  27 ;  vast  numbers  on  October  16 
to  18,  again  on  22,  25,  and  26. 

*  Professor  GoUett  says  {Oversigt  a^f  Christiania  Omsgnt  omithologUke  Fauna^ 
p.  128}  that  Alauda  arventit  is  seldom  seen  in  the  Christiania  district  after  the 
jniddle  of  October. 
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the  north  ai^  recorded  for  November,  carrying  the  extreme  limit  of  the 
period  covered  by  this  movement  of  the  Skylark  down  to  the  15th  of  that 
month.  Thus  the  autumnal  immigration  from  the  nortii,  vast  as  it  is,  is 
compressed,  as  it  were,  into  the  period  of  little  more  than  four  weeks. 
The  majority  of  these  northern  skylarks  seem  to  disperse  themselves  over 
our  islands,  some  of  them  reaching  the  Hebrides,  and  replace  the  home- 
bred birds  which  have  already  quitted  their  summer  haunts.  A  great 
many  seek  Ireland,  either  by  direct  passage  from  the  south-west  of  Scot- 
land or  by  way  of  the  Isle  of  Man,  while  some  may  pass  from  the  Welsh 
coast  to  the  shores  of  Dublin  and  Wicklow. 

4  and  5.  Autumn  Passage  from  Central  and  Northern  Europe  to 
Southern  Europe  along  the  British  Coast — These  movements  are  much 
involved  with  the  immigratory  movements  from  the  north  and  east,  and, 
to  a  lesser  degree,  with  the  British  emigratory  movements  already  treated 
of.  The  transient  visitors  which  effect  it  arrive  on  our  northern  islands 
and  along  our  north-eastern  coast,  together  with  those  which  winter  with 
us,  in  October,  or  in  some  years  early  in  November,  and  after  a  short 
rest  proceed  along  the  coast,  chiefly  by  night,  southward  and  westward, 
crossing  the  Channel  at  various  points.  Though  they  are  mainly  confined 
to  our  eastern  and  southern  seaboards,  yet  a  considerable  number  make 
an  overland  journey  across -Great  Britain,  travelling  down  the  west  coast, 
while  others  possibly  cross  to  Ireland,  and  continue  their  southerly  journey 
along  its  eastern  shores.  The  Passage  movements  from  the  east  need  no 
further  notice  now,  since  they  have  been  treated  already  under  Section  2. 

General  Rem.a>rlc8  on  Autumn  Emigration  and  Immigration. — Having 
treated  of  the  autumn  movements,  both  of  emigration  and  immigration,  it 
may  be  desirable  before  proceeding  further  to  consider  their  effects  on 
the  Skylark  population  of  Britain,  and  its  position  at  the  end  of  that 
season.  Though  a  considerable  number  of  home-bred  birds  have  at  that 
time  quitted  our  shores,  their  departure  has  not  materially  affected  the 
great  abundance  of  the  species,  partly  owing  to  the  fact  that  the  Skylark 
is  double  brooded,*  and  hence  its  annual  increase  is  enormous,  while 
prodigious  numbers  have  poured  into  England  from  Central  Europe  during 
part  of  September  and  thnoughout  October,  to  say  nothing  of  the  immense 
number  of  immigrants  from  North-western  Europe  which  have  arrived 
during  the  latter  month.  The  result  is  that  from  November  to  the 
setting  in  of  cold  weather  the  Skylark  population  of  the  British  Isles  is 
at  its  maximiim,  and  vastly  in  excess  of  what  it  is  at  any  other  period  of 
the  year. 

6.  Winter  Emigration  fromy  amd  Partial  Migration  toithin,  the  British 
Islands, — These  movements  depend  wholly  on  the  state  of  the  weather, 
and  vary  in  degree  according  to  its  severity.  The  Skylark  obtaining  the 
whole  of  its  food  on  the  ground  is  at  once  driven  to  change  its  quarters 
when  that  is  covered  with  snow,  and  only  somewhat  less  quickly  when 
it  is  merely  frost-bound  without  snow.  Should  the  late  autumn  and 
winter  be  uniformly  mild,  the  Skylarks  sojourning  with  us  remain  practi- 
cally stationary.  Few,  if  any,  winters  are,  however,  entirely  free  from 
snow  or  frost,  and  with  the  first  outbreak  of  cold  the  birds  must  remove 
themselves  from  its  untoward  influence.  Sometimes  suitable  lodging  may 
be  found  not  far  off,  and  then  the  movement  is  but  local  or  partial  in 
character.     When  this  occurs,  and  the  stress  is  but  short,  the  birds  soon 

>  In  many  parts  of  Bngland  most  pairs  of  Skylarks  have  three  nests  in  the  year, 
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return  to  their  former  haunts ;  but  if  the  adverse  conditions  continue 
and  become  general,  the  movement  also  becomes  widespread  and  more 
or  less  universal.  This  effect  is  especially  produced  by  great  snowstorms, 
when  the  number  of  fugitives  is  so  vast  that  people  wonder  where  such 
prodigious  multitudes  can  come  from,  as  they  throng  towards  the  coast 
and  particularly  the  milder  south-west  coast  of  England — Devon,  Corn- 
wall, and  the  fcJcilly  Isles — though  many  undoubtedly  cross  the  Channel, 
and  others  proceed  to  Ireland.  On  the  other  hand,  a  few — and  these  are, 
perhaps,  of  our  native  stock — attempt  to  brave  the  unfavourable  condi- 
tions, partly  by  resorting  to  unwonted  places  of  shelter,  especially  the 
sea-shore,  but  many,  if  not  most,  of  them  succumb  to  famine.  In 
Ireland,  too,  there  are  many  winter  movements,  due  to  the  pressure 
of  climatic  conditions,  and  Cork  and  Kerry  are  especially  resorted  to 
during  hard  weather ;  but  winter  emigration  must  be  regarded  as  ex- 
ceptional in  Ireland,  for  one  portion  or  another  of  its  shores  generally 
affords  an  asylum  in  the  severest  seasons,  though  many  birds  perish,  even 
in  its  most  favourable  areas,  during  an  abnormally  protracted  winter.  It 
has  already  been  stated  that  Ireland  ordinarily  receives  numbers  of 
Skylarks  in  autumn,  and  being  again  sought  by  multitudes  of  refugees 
from  the  snows  and  frosts  of  Great  Britain,  it  foUows  that  the  Skylark 
population  of  Ireland  is  at  its  maximum  at  a  {)eriod  when  that  of  Great 
Britain  is  at  its  lowest. 

During  some  severe  winters  in  Central  Europe  there  is  a  renewal  of 
the  immigration  of  Skylarks  (together  with  Starlings  and  Lapwings) 
across  the  North  Sea  to  the  south-east  coast. 

During  these  cold-weather  movements  many  of  the  emigrants  perish 
at  the  lanterns  of  the  Light-stations.  Thus,  on  December  2,  1882,  the 
Bell  Bock  Lighthouse  was  visited  by  what  is  described  as  being  the 
greatest  multitude  of  Skylarks  ever  known.  It  was  impossible  to  estimate 
the  number,  but  they  were  '  striking  hard  for  a  couple  of  hours  like  a 
shower  of  hail.' 

If  the  statement  that  the  winter  emigration  depends  wholly  on  the 
state  of  the  weather  need  any  confirmation,  it  may  be  furnished  by  the 
fact  that  in  the  mild  seasons  of  1881-82  and  1885-86  very  little  was 
recorded.  There  are,  however,  usually  spasmodic  and  partial  movements 
in  November  ;  but  it  is  not  until  cold  weather  sets  in  that  any  general 
exodus  takes  place.  If  there  has  been  much  snow  in  December,  as  in 
1879  and  1882,  there  is  little  or  no  movement  later  in  the  season,  because 
the  birds  have  already  departed.  On  the  other  hand,  after  the  un- 
eventful December  of  1880,  there  were  pronounced  emigrations  inJanuarr 
1881.  In  February  there  are,  as  a  rule,  movements  more  or  less  local, 
and  due  to  snow,  and  in  that  month  of  1886,  which  was  cold  and  snowy, 
movement  followed  movement  throughout  its  course.  The  March  migra- 
tions are  not  of  much  account,  but  in  unusually  inclement  seasons,  like 
1883  and  1887,  there  were  *  rushes'  to  the  coast  as  late  as  the  20th  of 
that  month.  ^     In  other  years  there  is  little  or  nothing  recorded  for  it, 

7.  Spring  Immigration  of  Summ^er  Visitants  and  Return  of  Winter 
Emigrants, — The  return  of  the  Skylarks  which  have  left  us  during  the 
autumn  and  winter  is  observed  on  the  southern  coasts  of  both  Great 
Britain  and  Ireland  early  in  the  year,  their  arrival  taking  place  as  a  rule 

>  At  the  Nash  Lighthoase,  on  the  Glamorgan  coast,  on  March  15, 1887,  Skylarks, 
Starlings,  Snipes,  Woodcocks,  Lapwings,  Golden  Plovers,  and  Wild  Dacks  were  ^een 
fljing  before  heavy  snow  from  8  30  a.m.  to  3  p.m. 
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during  the  latter  half  of  February,  and  occasionally  ad  ^arly  as  the  second 
week  (in  1886  on  the  11th),  the  immigration  continuing  throughout 
March.  The  precise  time  seems  to  be  influenced  by  the  condition  of 
the  weather  in  the  birds'  southern  retreats.  If  the  early  spring  there  be 
mild  and  genial,  they  begin  their  return  early,  but  if  the  contrary  their 
departure  is  delayed.  On  arrival  on  the  south  coast  of  England  many 
pass  northward  along  the  east  and  west  coasts,  the  latter  being  the 
route  chiefly  followed  by  the  earlier  immigrants.  The  return  to  Ireland 
corresponds  closely  with  the  arrival  in  Southern  England,  the  earliest 
observation  for  the  period  1882-87  being  on  February  10,  1886,  and  from 
that  time  the  movements  occur  at  intervals.  The  other  species  of  birds 
which  reappear  along  with  the  Skylarks  are  mostly  those  which  have  before 
been  mentioned  in  association  with  them — Thrushes,  Blackbirds,  Titlarks, 
Lapwings,  and  so  forth.  During  April  the  movements  of  the  immigrants 
bea)me  merged  into  those  of  the  strictly  called  Birds  of  Passage.  In  Ireland, 
during  the  first  half  of  the  month  and  occasionally  to  the  third  week. 
Skylarks  continue  to  arrive  in  company  with  Wheatears  and  other  early 
summer  birds.  The  return  movement  to  the  Hebrides  corresponds  with 
that  to  the  mainland,  but,  as  in  Ireland,  the  immigration  is  prolonged  into 
April.  In  Shetland  the  spring  arrival  of  the  native  binls  begins  in  the 
early  days  of  March.  The  immigrants  reach  the  south  coast  of  England, 
sometimes  in  vast  numbers,  during  the  earliest  hours  of  the  morning,  but 
in  the  south-east  of  Ireland,  the  chief  point  of  arrival  in  that  country, 
they  are  usually  observed  later  in  the  day,  but  in  the  Hebrides  at 
night. 

8.  Spring  Emigration  to  Central  Europe  from  the  British  Isles, — The 
return  (west  to  east)  movement  from  South  eastern  England  across  the 
North  Sea  comes  very  little  under  observation  compared  with  the  in* 
flowing  streams  of  the  preceding  autumn,  and  that  this  should  be  so  is 
easily  to  be  explained.  In  the  first  place,  the  numbers  of  travellers,  owing 
to  the  waste  of  winter,  have  been  much  thinned  ;  and  secondly,  because, 
like  all  other  important  emigratory  movements,  this  one  takes  place  chiefly 
at  night,  and  so  for  the  most  part  escapes  notice,  for  it  is  reasonable 
to  suppose  that  the  first  hour  of  flight  takes  the  birds  beyond  the  limit 
of  observation  at  the  light-stations  along  our  eastern  coast.  Some  return 
emigration  is  nevertheless  observed  by  day  on  the  Lightships,  the  direc- 
tion of  the  birds  being  eastward  from  the  mouth  of  the  Thames,  and  south- 
eastward from  the  more  northerly  stations.  There  are  also  enough  observa- 
tions to  show  that  the  movement  begins  in  February  (in  the  mild  season 
of  1882  on  the  6th,  but  usually  not  till  the  middle  of  the  month),  and  is 
continued  until  the  end  of  March,  the  28th  being  the  latest  day  recorded. 
As  with  the  reverse  movement  in  autumn,  this  is  chiefly  noticed  on  the 
Lightships  between  the  Thames  and  the  Humber.  The  other  species  of 
binls  accompanying  the  Skylarks  are  Starlings,  *  Crows,'  and  Lapwings. 

9.  Spring  Migration  to  Northern  Europe  from  the  British  Isles. — In 
mild  seasons  during  the  third  week  of  February  there  are  indications  at 
our  north-eastern  stations  that  the  Skylarks  which  have  wintered  with 
us  are  beginning  to  depart  for  their  northern  homes,  and  throughout 
March,  especially  after  the  middle  of  the  month,  there  is  usually  much 
evidence  to  the  same  effect,  the  concomitant  species  being  Blackbirds. 
Goldcrests,  Starlings,  Woodcocks,  and  *  Wild  Geese ' ;  but  here,  again,  as 
in  the  last  case,  much  escapes  notice,  and  for  the  same  reasons. 

The  spring  emigration  from  Ireland  deserves  separate  consideration. 
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Beginning  about  the  middle  of  February,  it  becomes  more  protlOuncecl  In 
March,  and  ceases  with  the  close  of  that  month.  The  birds  return  by 
the  routes  taken  in  autumn  and  winter,  chief  of  which  is  that  between 
the  south-eastern  counties,  with  Wexford  as  a  centre,  and  the  southern 
provinces  of  Wales  and  shores  of  the  Bristol  Channel ;  while  during  March 
there  are  return  flights  cross  the  Irish  Sea  to  North  Wales  and  South- 
western Scotland.  Generally  the  birds  set  out  after  dark,  but  Skylarks  are 
occasionally  recorded  as  migrating  during  the  day,  those  from  the  southern 
portion  of  Ireland  making  for  the  south-east,  while  those  from  the 
Wicklow  coast  proceed  due  east.  The  night  movements  are  often  per- 
formed in  company  with  Thrushes,  Blackbirds,  and  Starlings.  The  winter 
visitants  to  the  Hebrides  leave  for  the  mainland  of  Scotland  about  the 
same  time,  and  call  for  no  special  remark. 

10.  Spring  Passage  from  Souiliem  to  Northern  and  Central  Ewrope 
along  the  Bintish  Coast, — These  movements  take  place  during  March  and 
early  April,  and  are  not  easily  distinguished  from  some  others  that  are  in 
progress  at  the  same  time.  It  is  probable,  however,  that  the  bulk  of  the 
Skylarks  arriving  at  this  time  on  the  southern  coast  of  England  are  en 
route  for  North-western  Europe.  After  reaching  this  island  they  move 
northward  along  the  coast,  and  finally  quit  the  country  in  company  with 
those  which  have  been  wintering  in  Great  Britain  and  Ireland,  as  well  as 
with  other  emigrants  and  transient  visitors. 

Thr  Migrations  op  the  Swallow  {Hiruruio  rustica). 

The  familiar  Swallow  may  be  taken  as  a  typical  example  of  a  Summer 
Visitant  to  the  British  Islands,  whose  breeding  range  reaches  a  high 
latitude  in  Europe,  though  not  extending  to  the  extreme  north  of  the 
Continent,  nor  to  Iceland.  In  our  islands  it  is  to  be  regarded,  however, 
not  merely  as  a  summer  visitant,  but  also  as  a  Bird  of  Passage,  traversing 
our  shores  in  spring  and  autumn  on  its  way  to  or  from  its  summer  quarters 
in  Western  Europe.  Its  winter  quarters  are  known  to  be  in  Africa, 
chiefly  to  the  south  of  the  Great  Desert.  In  preparing  the  following 
compendium  of  its  emigrations  I  have  not  limited  myself  to  the  records 
furnished  by  the  various  Light-stations,  since  the  majority  of  observa- 
tions there  made  do  not  discriminate  between  the  Swallow  and  the  two 
species  of  Martin  also  visiting  our  islands  ;  but  I  have  availed  myself  as 
well  of  the  voluminous  records  chronicled  in  serial  literature,  often  by 
expert  ornithologists. 

Spring  Immigration  of  Summer  Visitants. — On  this  subject  the 
records  are  so  numerous  and  complete  as  to  enable  me  to  speak  with 
authority  as  to  the  date  of  the  Swallow's  successive  arrivals  on  our  shores, 
and  also  to  trace  with  some  degree  of  accuracy  its  gradual  spreading  over 
the  country,  which  has  hitherto  been  a  desideratum.  During  March  a 
few  solitary  birds  annually  appear,  sometimes  very  early  in  the  month, 
and  though  these  may  be  regarded  as  somewhat  erratic  visitors,  no  year 
of  the  inquiry  (1880-87)  is  wanting  in  authentic  records  of  their 
appearance.  In  all  there  are  twenty-one  records  of  March  Swallows,  of 
which  ten  were  observed  on  the  south-west  coast  of  England,  four  in 
Ireland,  three  in  the  south-east  of  England,  and  two  each  in  South-eastern 
and  South-western  Scotland.  It  is  not  till  April  that  the  vanguard  of 
the  host  reaches  our  shores,  and  a  careful  analysis  of  dates  shows  that 
the  average  time  of  its  appearance  in  difierent  parts  of  our  islands  is  as 
follows  :  For  South-western  England  the  banning  of  the  first  week  i  for 
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Ireland  the  end  of  that  week  ;  for  South-eastern  England  early  in  the 
second  week  ;  for  South-western  Scotland  the  end  of  the  same ;  for  South- 
eastern Scotland  the  middle  of  the  third  week  ;  for  Northern  Scotland  the 
fourth  week  ;  and  lastly  it  is  not  till  the  second  week  of  May  that  the  few 
Swallows  which  resort  to  Orkney  reach  their  destination.  These  early 
immigrants  are  either  single  birds  or  pairs.  Some  ten  or  twelve  days 
later  than  the  arrival  in  each  case  of  this  advanced  guard  takes  place  the 
appearance  o£  Swallows  in  some  numbers,  and  they  become  gradually 
abundant  throughout  the  kingdom.  These  initial  hosts  are  followed  by 
others,  and  so  the  influx  proceeds  during  the  rest  of  April  and  the  first 
half  of  May,  and  beyond  that  date  in  the  case  of  birds  of  passage.  In 
backward  seasons,  such  as  that  of  1887,  when  cold  and  unsettled  weather 
with  snow  and  sleet  prevailed,  the  vanguard  may  be  delayed  for  about  a 
week,  but  on  that  occasion  its  appearance  was  immediately  followed  by  a 
'  rush,'  and  the  birds  became  numerous  and  general  only  a  little  in  arrear 
of  their  accustomed  time.  In  the  Hebrides  and  North-western  Scotland 
the  Swallow  is  uncommon,  and  mostly  observed  on  passage  in  small 
numbers,  while  though  appearing  almost  annually  in  Shetland,  chiefly 
after  the  middle  of  May  or  early  in  June,  it  is  little  more  than  a  straggler. 
In  Ireland  the  immigrants  arrive  in  considerable  numbers  until  about 
the  middle  of  May,  and  in  some  seasons  (1883,  1884,  and  1886)  so  late  as 
the  third  week  of  that  month,  but  it  is  possible  that  some  of  these  later 
birds  are  on  passage  to  the  Hebrides  and  north  of  Scotland. 

It  is  evident  from  the  statistics  consulted  that  the  arrival  of  Swallows 
on  the  western  seaboard  is  well  in  advance  of  their  appearance  further  to 
the  east.  Not  only  is  this  so  in  the  south  of  England,  but  even  in  Scot- 
land the  districts  of  *  Sol  way  '  and  *  Clyde '  almost  invariably  receive  their 
Swallows  several  days  (some  seasons  ten  or  eleven)  before  the  *  Tweed '  and 
•Forth.' 

Swallows  are  desciibed  as  arriving  on  our  southern  shores  during  the 
daytime,  chiefly  in  pairs,  but  sometimes  as  many  as  six  or  seven  together, 
and  flying  low  over  the  sea,  the  immigration  lasting  most  of  the  day  ;  but 
they  are  also  noted  as  coming  in  small  parties,  flock  after  flock,  for  several 
hours  in  succession,  and  unaccompanied  by  any  other  kinds  of  birds.  A 
remarkable  exception  to  this  was,  however,  observed  at  the  Eddystone  in 
1887,  when  from  midnight  to  3  a.m.  on  May  3  and  4  hundreds  of  birds, 
Swallows  and  Wheatears,  together  with  (as  testified  by  the  wings  of  the 
victims)  Reed- Warblers,  Whitethroats,  Wood-  and  Willow- Warblers, 
and  Redstarts  were  killed  at  the  lighthouse.  Generally,  however,  few 
Swallows  meet  with  disaster  during  their  spring  journeys,  a  very  small 
number  striking  the  lanterns,  while  fewer  still  seem  to  suffer  from  exhaus- 
tion. 

Spring  Passage  from  the  South  to  Northern  Europe, — This  movement 
of  Swallows  which  pass  along  our  coast-line  on  their  way  to  their  homes  in 
the  north  of  Europe  does  not  set  in  till  the  last  days  of  April,  reaches  its 
maximum  about  the  middle  of  May,  and  may  be  prolonged  till  nearly  the 
middle  of  June.  Many  of  the  earlier  of  these  transient  migrants  reach 
our  south  coast  in  company  with  the  Swallows  that  come  to  summer  with 
us,  but  those  which  pour  in  during  the  latter  part  of  May  or  in  June  are 
mostly  passengers  on  their  way  to  Scandinavia.^     The  stream  is  almost 

>  According  to  the  information  of  Professor  Collett,  the  Swallow  is  seldom 
observed  in  Norway  in  April.  In  the  first  week  of  May  examples  appear  singly, 
about  the  middle  of  that  moi^th  n^gre  a^riy^,  fMid  between  the  JOth  a^d  26tb  all| 
perhapS}  ar^  come, 


Digitized  by 


Google 


374  REPORT — 1901. 

wholly  confined  to  our  eastern  coast,  and  the  North  Sea  is  crossed  ere 
the  northern  limit  of  the  mainland  is  reached,  for  these  travellers  do  not 
seem  to  take  Orkney  or  Shetland  on  their  route.  A  small  number  of 
Swallows  yearly  visit  the  Hebrides  during  the  first  three  weeks  of  May, 
and  it  is  possibly  these  birds,  or  some  of  them,  that  find  their  way  to  the 
Fssroes,^  and  even  as  stragglers  to  Iceland,  while  others  may,  perhaps, 
finally  reach  Northern  Europe  by  this  far  western  route,  which  may 
originate,  so  far  as  the  British  Isles  are  concerned,  on  the  east  coast  of 
Ireland  and  west  coast  of  England.  A  few  are  also  observed  about  the 
same  time  on  the  north-west  coast  of  Scotland. 

Autumn  Emigration  of  British  Summer  Visitors, — During  the  latter 
half  of  July  parties  of  Swallows  are  recorded  as  visiting  the  island 
stations  and  lightships  off  the  east  coast  of  Great  Britain  and  the  south- 
east of  Ireland,  but  it  may  be  doubted  if  such  appearances  are  of  much 
significance,  though  it  may  be  otherwise  with  some  recorded  in  1880,  when 
during  the  spell  of  cold  weather  six  flocks  of  from  fifty  to  sixty  each 
were  observed  passing  io  the  south  on  July  27  at  the  Tees  Buoy  Light- 
ship, and  two  days  later  numbers  passed  the  Leman  and  Ower  Lightvessel, 
off  the  Norfolk  coast — some  alighting,  while  one  struck.  But  even  if 
these  were  cases  of  real  migration,  it  may  have  been  but  partial,  and  the 
birds  merely  seeking  better  quarters  within  our  area.  It  is  not  until  the  last 
week  of  August  that  Swallows  ordinarily  begin  to  leave  Scotland  and  the 
north  of  England.  Then  there  is  a  decided  movement  southward,  and, 
along  with  Redstarts  and  Willow- warblers,  they  are  observed  at  various 
stations  both  on  the  coast  and  inland.  There  is  no  evidence  that  these 
birds  actually  quit  the  country,  and  most,  if  not  all,  probably  tarry  for 
some  time  in  the  south  of  England  before  crossing  the  Channel.  The  Irish 
movements  in  August  are  less  pronounced,  but  the  returns  show  a  decided 
increase  of  visitors  to  the  coast  stations,  and  indicate  the  setting  in  of  the 
ebb.  In  September  the  southern  movement  becomes  general  throughout 
the  whole  country,  and  reaches  its  maximum  between  the  middle  and 
end  of  the  month.  During  its  early  days  there  is  the  first  evidence  of 
actual  departure  from  our  shores,  and  the  cross-channel  emigration  then 
commencing  proceeds  throughout  the  autumn.  The  beginning  of  Octol>er 
shows  a  decided  falling  off  in  the  numbers  departing  from  the  northern 
districts,  especially  in  the  west ;  but  the  southward  movement  is  well 
maintained  during  the  first  half  of  the  month  from  the  east  and  south- 
west of  England  and  the  south-east  of  Ireland.  By  the  middle  of  the 
month  the  emigration  from  Scotland  and  the  north  of  England  is  over, 
and  Swallows  observed  after  that  time  on  the  east  coast  of  Britain  seem 
to  be  the  later  emigrants  from  Scandinavia,  which  since  September  have 
been  passing  along  that  coast,  mingling  with  our  own  birds,  so  that  in 
many  cases  the  two  movements  are  indistinguishable.  After  the  middle 
of  October  a  considerable  diminution  is  observable,  except  on  the  coast  of 
the  Channel,  where  the  efflux  is  maintained  throughout  the  month. 
During  the  first  half  of  November  stragglers  are  still  to  be  seen  on  the 
east  coast  of  Great  Britain  and  the  south-east  of  Ireland,  but  there  are 
no  records  of  observations  in  the  west  of  Scotland,  and  very  few  from 
the  north-west  of  England.  From  the  south  of  England  many  departures 
occur  annually  till  the  middle  of  the  month,  while  stragglers  are  to  be 

*  HezT  Ennd  Andersen  informs  me  that  the  Swallow  appears  not  uncommonly 
in  the  Faeroes  in  May. 
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seen  later,  especially  in  the  south-west.  December  Swallows  are  rarce 
aves,  and  were  only  observed  in  one  year  of  the  inquiry.  The  autumn  of 
1880  was  remarkable  for  the  protracted  stay  of  the  HirundinidcBy  and 
a  few  belated  Swallows  were  recorded  on  the  south  coast  of  England  in 
the  last  week  of  November,  while  in  December  one  was  observed  at 
Bournemouth  on  the  7th,  and  two  at  Eastbourne,  and  one  at  Woolraer  on 
the  llth,  the  weather  until  that  time  having  been  mild.^ 

Autumn  Passage  along  the  British  Coast  from  Nortliem  Europe. — ^The 
return  of  the  Swallows  which  have  summered  in  Scandinavia  (accom- 
panied by  their  young),  and  their  pBUBsage  along  our  coast,  usually  takes 
place  from  the  middle  of  September  ^  onwards,  the  9th  of  that  month 
(in  1884)  being  the  earliest  day  on  which  their  movement  is  recorded. 
The  passage  is  well  maintained  during  the  rest  of  the  month,  and  is 
prolonged  by  a  few  birds  to  the  first  or  even  second  week  of  October. 
Home  of  these  travellers  from  the  north  are  perhaps'  induced  by  our 
milder  climate  to  tarry,  and  it  is  possibly  such  lagganis  that  occur  on  or 
near  our  east  coast  in  November,  and  thus  account  for  the  lateness  of 
migration  there  observable  when  compared  with  the  west  coast.  It  has 
been  already  remarked  that,  after  their  arrival  on  our  shores,  Swallows  on 
autumn  passage  mix  with  our  native  birds  then  emigrating,  and  it  is  no 
longer  possible  to  trace  the  former,  though  they  doubtless  form  the  bulk 
of  the  rear-guard  moven^ents  of  the  autumn.  In  Shetland  and  Orkney 
there  is  no  appearance  of  these  returning  Swallows  of  passage,  and  but 
feeble  evidence  of  their  taking  the  Hebrides  on  their  way,  though  the 
records  indicate  such  a  transit  during  September  and  the  first  day  of 
October.  There  are  passage  movements  on  the  part  of  Irish  birds  dis- 
cernible in  the  the  south-west  of  England  to  the  third  week  of  October, 
with  occasional  stragglers  to  the  middle  of  November.  In  September 
of  some  years  Swallows  are  recorded  at  the  lightships  off  the  mouth  of 
the  Thames  and  the  Kentish  coast  as  coming  from  the  south-east,  and 
occasionally  in  considerable  numbers. 

Furtlier  Observations  on  the  Autumn  Movements,-^ At  the  best  stations 
for  observing  emigration  it  usually  takes  the  form  of  the  continuous 
passage  of  small  parties,  not  exceeding  a  score,  and  as  this  may  last  for 
hours  vast  numbers  thus  depart.  They  have,  however,  been  observed  on 
the  south  coast  to  assemble  in  thousands  aud  fly  away  en  masse^  but  this 
is  only  occasionally  recorded.  Swallows  are  frequently  seen  to  emigrate 
in  company  with  House  Martins  and  occasionally  with  Sand  Martins. 
The  earliest  troops  to  cross  the  channel  are  observed  to  be  composed  of  old 
and  young  birds.  It  has,  however,  been  noticed  that  the  large  congrega- 
tions at  various  points  on  the  south  coast,  whether  preparing  to  emigrate 
or  in  actual  movement,  consist  in  many  cases  chiefly  or  entirely  of  young 
birds,  but  in  others  wholly  of  adults.  More  frequently,  however,  the 
number  of  old  birds  is  in  normal  proportion  to  that  of  the  young.  The 
time  of  the  day  at  which  emigration  takes  place  seems  equally  varied. 
On   the  south   coast  some  of  the  great  movements  are  recorded  as  in 

»  Mr.  Joseph  Agnew,  light-keeper,  states  that  a  Swallow  was  caught  on  the 
Monach  Isles  (with  the  exception  of  St.  Kilda,  the  outermost  of  the  Hebrides)  in 
January  1887,  but  he  unfortunately  furnished  no  further  particulars  of  the 
occurrence. 

*  Professor  CoUett  states  that  Swallows  begin  to  leave  Southern  Norway  the  first 
week  of  September,  and  that  he  has  known  individuals  to  remain  there  so  late  as  the 
middle  of  October, 
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progress  from  early  morning  to  noon,  others  as  going  on  until  night  sets  in.^ 
During  the  autumn  and  spring  migration  (though  concerning  the  latter 
we  lack  definite  information)  the  English  Channel  is  probably  crossed  by 
many  routes,  but  there  are  certain  much-used  points  of  departure  to  reach 
which  the  birds  shape  their  course.  Beginning  in  the  west,  we  find  among 
them  the  Land's  End,  the  Lizard,  the  Eddystone,  and  Start-Point.  It  is 
otherwise,  however,  on  the  Dorset  and  Hampshire  coasts,  along  which 
Swallows  are  recorded  as  proceeding  to  the  eastward,  and  it  is  not  until 
the  Nab  Lightvessel  is  reached  that  the  flight  becomes  southerly  towards 
the  French  coast.  In  Sussex,  too,  the  flight  is  easterly  towards  Beechy 
Head,  just  before  arriving  at  which  many  birds  cross  the  Channel.' 
Others  still  pursue  their  easterly  flight,  and  finally  cross  the  Straits  of 
Dover.  There  may  be  other  routes  taken,  but  the  points  of  departure 
just  named  are  those  which  result  from  the  present  inquiry.  There  are, 
however,  some  records  of  Swallows  occasionally  moving  westward  along 
the  south  coast.  If  this  should  be  more  than  accidental,  a  cross-movement 
of  departing  birds  occurs  then.  The  shore  line  is  closely  followed  by 
many  of  the  Swallows  moving  south,  especially  by  those  which  are  on 
passage.  " 

Investigations  made  at  the  Marine  Biological  Ijohoraiory^  Plymouth, — 
Report  of  the  Cowmtittee^  consisting  of  Mr.  G.  C.  Bourne  (Chairs 
man),  Mr.  W.  GARSTANG(/S'e(?refarv),  Professor E.  Ray  Lankester, 
Professor  Sydney  H.  Vines,  Mr.  A.  Sedgwick,  and  Professor 
W.  F.  R.  Weldon.     (Drawn  up  by  the  Secretary,) 

Thr  British  Association's  table  has  been  occupied  during  the  past  year 
by  the  following  naturalists,  who  devoted  themselves  to  investigations  or 
to  the  collection  and  preparation  of  material  for  research  on  the  subjects 
mentioned  : — 

Mr.  R.  C.  Punnett,  August-September  1900  (two  months)  :  On  the 
Pelvic  Plexus  of  Elasmobranchs,  and  on  the  Anatomy  of  Nemertines. 

Mr.  S.  D.  Scott,  August  1900  (one  week) :  On  the  Excretory  Pro- 
cesses of  Ascidians. 

Dr.  F.  W.  Gamble,  April  1901  (one  week)  :  On  the  Histology  and 
Physiology  of  Mysis. 

Mr.  W.  B.  Randies,  July-August  1901  (one  month)  :  On  the  Anatomy 
of  Trochus. 

Mr.  W.  M.  Aders,  August  1901  (two  weeks)  :  On  the  Spermatogenesis 
of  Coelenterata. 

Dr.  Gamble's  work  was  unfortunately  cut  short  unexpectedly  by  private 
causes,  and  another  gentleman,  to  whom  the  table  hod  been  allotted — 

'  At  the  Nab  Lightship,  October  1,  1886,  Swallows  are  recorded  as  paesing  south 
at  intervals,  twenty  at  a  time,  from  dawn  to  dark.  The  returns  from  Hanois  Light- 
house, on  the  west  coast  of  Guernsey,  show  that  Swallows  pass  southward  fi-om  6  A.M. 
to  8  P.M.  At  the  Casqaets,  west  of  Aldemey,  on  October  1,  1880,  Swallows,  with 
other  birds,  Song-Thrushes,  Ring- Ousel,  Land-  and  Water-Rails,  and  a  Woodcock, 
occurred  from  11  p.m.  to  3  A.M. :  200  Swallows  struck  the  lantern.  The  movements 
at  this  station,  however,  may  possibly  have  nothing  to  do  with  migration  on  the 
British  coasts. 

*  When  orqssipg  between  Newh^iv^n  and  Dieppe  in  September  I  have  s^eil 
Swallows  passing  in  a  sout^^^panterljr  di^potlo^  towards  t^e  French  99ast, 
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Mr.  Chubb,  of  University  College,  London— was  also  prevented  eventually 
from  making  use  of  it. 

In  spite  of  these  circumstances,  which  prevented  the  utilisation  of  the 
table  to  the  full  extent,  researches  of  a  substantial  character  have  been 
carried  out.  Part  of  Mr.  Punnett's  work,  *  On  Two  New  British  Nemer- 
tines,'  which  has  been  published  recently,^  and  Mr.  Aders'  researches  on 
Spermatogenesis,  on  last  year's  material,  have  been  submitted  and 
accepted  by  the  faculty  of  the  University  of  Marburg  as  a  thesis  for 
graduation.     Mr.  Handles'  report  is  given  below. 

The  Committee  respectfully  request  re-election  ;  but  in  view  of  a 
balance  of  8^.  5<.  remaining  unexpended,  they  apply  only  for  a  grant 
of  10^.,  in  addition  to  the  balance  in  hand. 

On  the  Anatomy  o/Trochus.     By  W.  B.  Randles. 

I  occupied  the  British  Association  table  from  July  17  until  August  17, 
1901,  during  which  time  I  was  engaged  in  collecting  and  preserving 
material  for  a  research  on  the  anatomy  and  histology  of  Trochus. 

Several  species  of  Trochus  are  to  be  found  either  at  or  in  the  vicinity 
of  Plymouth,  and  are  representatives  of  three  sub-genera,  viz, — 


Trochus  (Gibbula)  cinerarius. 
„         umbilical 
,,         tumidus. 


„  „         umbilicatus. 

>i  » 

„  (Calliostoma)  zizyphinus. 
„  „  striatus. 

„  „  granulatus. 

„  (Trochocochlea)  lineatus. 

An  examination  of  the  internal  structure  of  Trochus  shows  the  close 
relationship  which  evidently  exists  between  this  genus  and  Pleurotomaria, 
the  anatomy  of  which  has  recently  been  described  by  Woodward.* 

Especially  is  this  noticeable  in  T.  (Calliostoma)  zizyphinus,  where, 
save  for  the  presence  of  only  one  gill,  the  internal  structure  is  almost 
identical  with  that  of  Pleurotomaria.  The  nervous  system  is,  however, 
more  highly  differentiated,  there  being  a  nearer  approach  to  concentra- 
tion of  nerve  cells  into  ganglionic  masses  than  obtains  in  Pleurotomaria. 

T  have  compared  the  various  species  of  Trochus  anatomically  with  a 
view  to  testing  the  validity  of  the  division  into  sub-genera. 

Though  the  number  of  species  obtainable  here  is  not  very  large,  yet  I 
find  that,  as  regards  the  sub- genera  Gibbula  and  Calliostoma^  definite 
anatomical  differences  do  occur,  which  justify  the  separation  of  these 
forms  into  sub-genera. 

Trochus  (Trochocochlea)  lineatus,  however,  presents  no  apparent 
anatomical  differences  from  the  various  species  of  Gibbula  ;  and  though 
the  examination  of  a  single  species  of  this  sub-genus  is  scarcely  sufficient 
to  enable  one  to  judge  of  its  validity  or  not,  yet  a  veiy  close  relationship 
evidently  exists  between  Gibbula  and  Trochocochlea,  I  hope  shortly  to 
publish  the  results  of  my  investigation  on  this  genus. 

In  conclusion  I  beg  to  thank  the  British  Association  for  the  use  of 
their  table  and  to  express  my  indebtedness  to  Dr.  Allen  for  his  many 
suggestions  and  ever-ready  help. 

*  Quart.  Joum,  M,  Science,  vol.  xli.  part  4,  pp.  547-r5^4.    Two  plat^. 
?  q,J,M,8,y  Marcji  J901,  pp.  215^^Q8, 
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Some  Notes  on  the  Behaviour  of  Young  Galls  artificially  hatched. 
By  Professor  J.  Arthur  Thomson,  M,A, 

[Ordered  by  the  General  Committee  to  be  printed  in  exten$o.'\ 

The  biological  and  psychological  interest  of  the  observations  made  by 
Professor  C.  Lloyd  Morgan  and  others  on  the  behaviour  of  artificially 
hatched  young  birds  (especially  chicks)  led  me  this  summer  to  utilise  an 
opportunity  which  presented  itself  of  incubating  some  eggs  of  Lams 
ridibundus  and  of  observing  the  behaviour  of  the  young.  I  had  also 
wished  to  obtain  material  for  testing  the  influence  of  different  kinds  of 
diet  on  the  texture  of  the  stomach,  but  this  problem  was  not  followed 
up.  Although  my  observations  are  not  in  any  way  surprising,  they  raise 
a  number  of  interesting  questions  ;  and  it  is,  of  course,  well  that  we  should 
contrast  the  ways  of  a  thoroughly  wild  bird  with  those  of  the  chick,  which 
has  probably  been  to  some  extent  changed  by  domestication. 

Some  of  the  gulls  which  I  hatched  in  my  laboratory  were  given  to 
Dr.  Lewis  Maclntyre,  lecturer  on  comparative  psychology  in  the 
University  of  Aberdeen,  and  I  am  indebted  to  him  for  confirmation  and 
extension  of  certain  facts  which  I  noticed.  But,  as  he  has  not  seen  this 
communication,  he  is  not  in  any  way  responsible  for  errors  of  inference 
which  may  have  crept  in.  I  should  also  notice  that  four  newly  hatched 
birds  from  different  nests  were  used  for  comparison  with  those  that  were 
artificially  incubated. 

Among  observations  made  on  repeated  occasions  at  the  gullery  the 
following  may  be  noted,  though  they  may  be  familiar  to  many. 
Although  the  thousands  of  birds  are  extraordinarily  quick  to  take 
alarm — generally,  to  human  perception,  quite  needlessly — they  acquiesce 
in  two  or  three  minutes  to  the  presence  of  an  intruder  in  a  boat,  if  he  sit 
still  under  a  covering  of  sacking.  The  birds  will  then  come  within 
arm's  length  and  settle  down,  though  the  shape  of  the  observer  who  is 
peering  through  holes  cut  in  the  sacking  forms  the  most  conspicuous 
object  in  the  immediate  environment.  By  this  method  it  was  possible 
to  make  sure  of  the  fact  that  the  same  bird  comes  back  to  the  same  nest. 
As  there  may  be  hundreds  of  nests  within  a  small  radius — at  least  half-a- 
dozen  on  the  area  of  an  ordinary  household  dining  table — and  as  the  very 
uniform  bank  of  mud,  tussocks,  and  bog-bean  stems  presents  to  our  eyes 
few  distinctive  marks,  and  as  there  is  continuous  rising,  squabbling,  and 
resettling,  it  seemed  well  to  take  some  pains  to  fix  attention  on  birds 
with  some  slight  peculiarity  of  plumage,  and  to  prove  that  they  came 
back  to  their  proper  nest.  The  extraordinary  variability  of  the  colora- 
tion of  the  eggs — from  unspotted  pale  blue  to  very  dark  brown  with 
darker  spots — may  facilitate  the  recognition  of  the  nest  during  the  day. 
On  one  occasion  I  observed  that  a  very  young  nestling  of  the  first  or  second 
day  which  had  tumbled  out  of  its  own  nest  and  crawled  to  the  next  one 
was  accepted  without  demur.  Older  youngsters,  able  to  run  about,  are 
pecked  at  very  viciously  when  they  come  near  a  brooding  bird. 

First  Day, — Observations  in  regard  to  behaviour  immediately  after 
artificial  hatching  were  greatly  hindered  by  the  fact  that  the  young  birds 
are  so  imperfectly  warm-blooded.  Something  of  the  nature  of  a  hothouse 
would  be  useful.  When  the  young  creatures  were  taken  from  the  incubator 
or  from  a  warmed  box  they  were  in  a  few  minutes  oppressed  with  cold, 
and  uttered  their  cry  of  discomfort  almost  continuously.  As  observations 
under  conditions  of  discomfort  did  not  seem  of  value,  the  birds  were  at 
first  studied  only  for  a  few  minutes  at  a  time. 
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Hatched  with  open  eyes,  which  did  not  wink  on  the  approach  of  a 
finger,  the  young  birds  showed  no  sign  of  any  fear.  A  notable  fact  is 
their  extraordinary  self-possession  throughout,  though  suspiciousness 
gradually  grows  on  them.^  They  pecked  within  a  few  hours  after 
hatching  both  at  finger  and  spoon,  with  or  without  food,  but  with  a  lack 
of  precision.  They  also  pecked  at  the  cotton-wool  of  their  beds.  Many 
of  the  first  day's  peckings  missed,  but  the  learning  was  very  rapid.  It 
was  observed  that  in  precision  of  early  pecking  the  young  gulls  were  far 
ahead  of  young  coots.  Even  on  the  first  day  some  fed  repeatedly  and 
heartily,  but  this  varied  with  the  individual. 

Some  preening  was  observed  on  the  first  day,  and  the  general 
vertebrate  action  of  raising  the  hind  foot  to  scratch  the  head — seen  in 
frog,  lizard,  chick,  kitten,  <fec. — was  frequently  noticed.  Almost  from 
the  first,  too,  there  was  a  slight  use  of  the  wings  in  balancing. 

On  the  first  day  one  turned  its  head  towards  the  cheep  of  another  in 
a  separate  compartment  of  the  incubator  and  cheeped  as  if  in  response  ; 
a  third,  still  within  the  egg  (chipped),  often  uttered  a  note,  twice  repeated, 
when  the  others  did.  Little  or  no  attention  was  paid  to  noises,  except 
to  a  prolonged  low  whistle,  which  was  followed  by  cowering,  even  on 
the  first  day. 

Second  Day, — On  the  second  day  the  pecking  was  vigorous  and  precise  : 
the  birds  followed  bright  objects  by  moving  the  head  and  neck,  and  pecked 
at  them  in  motion.  They  attended  to  sleeve-links,  ring,  silver  spoon, 
<fec. ;  they  looked  up  or  cheeped  when  I  tapped  at  the  window  of  the 
incubator,  but  they  took  no  heed  of  snapping  fingers,  ring  of  spoon  on  a 
glass  beaker,  rubbing  of  cork  on  glass,  and  many  other  striking  noises. 
They  shrank  a  little  from  a  sharp  hand-clap  close  to  them,  but  did  not 
cower.  A  prolonged  low  whistle  again  made  them  crouch  in  silence,  but 
after  a  number  of  trials  on  the  same  day  (second)  one  of  them  entirely 
ceased  to  attend  to  it.  It  would  be  interesting  to  discover  if  there  is  in 
the  normal  environment  some  alarming  sound  corresponding  to  the 
prolonged  low  whistle,  but  I  cannot  make  any  plausible  suggestion  which 
would  apply  to  the  gullery  observed.  Later  on  there  was  obvious  associa- 
tion of  certain  sounds  with  the  advent  or  discovery  of  food. 

The  sensitiveness  to  cold — which  repeatedly  led  to  a  reduction  in  the 
number  of  young  birds — was  still  very  marked  on  the  second  day.  Even 
on  a  rug  before  the  fire  one  would  creep  into  my  hands  or  crawl  up  my 
sleeve,  apparently  for  warmth.  At  the  pond  many  young  birds  seemed  in 
a  state  comparable  to  cold-coma,  and  it  may  be  suggested  that  this  will 
tend  to  prevent  premature  excursions,  which  would  in  many  cases 
inevitably  land  the  young  birds  in  the  water.  A  gentle  pecking  under 
shelter,  e,g,y  of  trouser-leg,  suggested  pecking  at  the  mother's  coverts. 

As  is  well  known,  the  adults  are  very  combative,  and  it  was  interesting 
to  observe  a  fight  early  on  the  second  day  of  life.  Beth  pecked  at  Aleph's 
bill,  Aleph  responded,  and  there  was  a  combat  so  forcible  that  separation 
seemed  advisable.  It  was  interesting  in  connection  with  these  youthful 
combats  to  notice  the  interlocking  of  the  bills  just  as  may  be  observed  in 
adults.     As  has  been  pointed  out,  these  bill-wrestlings  are  of  biological 

*  I  may  note  here  that  in  early  days  the  presence  of  cat  or  dog  does  not  seem  to 
excite  any  attention ;  later  on  there  is  alert  attention,  bat  no  apparent  fear :  a 
gull  two  to  three  weeks  old  will  run  at  a  fox-terrier  and  peck  its  nose  ;  but  later 
on,  before  they  fly  off,  when  about  a  month  old,  the  birds  utter  the  alarm  cry 
and  retreat  on  the  sudden  appearance  of  a  cat  or  dog. 
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interest  in  connection  with  the  regeneration  of  injured  beaks  in  birds. 
I  cannot  suppose  that  this  second-day  combat  was  other  than  an  early 
expression  of  the  combative  instinct ;  it  could  hardly  be  due  to  hunger, 
for  I  have  noted  in  regard  to  Aleph  and  Beth,  between  their  first  and  second 
days,  that  they  were  fed  at  3.30  a.m.,  at  6  a.m.,  at  9.30  a.m.,  and  so  on  till 
6  P.M.  They  would  only  take  a  little  at  a  time,  but  that  greedily  enough. 
I  suppose  the  mother  must  give  them  mouthfuls  with  great  rapidity,  for  I 
entirely  failed  to  see  a  single  case  of  feeding  at  the  gullery,  and  others 
have  been  equally  unsuccessful.  Between  7  and  8.30  p.m.  on  May  24, 
between  3.30  and  7.30  a.m.  on  the  25th,  along  with  a  careful  observer  to 
whom  I  am  much  indebted,  I  watched  the  nests  in  the  hope  of  detecting 
the  feeding  process,  but  quite  in  vain. 

Third  Day, — On  the  third  day  one  of  them  had  a  bath,  and  showed 
the  completeness  of  the  cleaning  instinct.  The  head  was  ducked  sideways, 
shaken  about,  and  reducked  precisely  in  adult  fashion,  and  this  on  first 
experience  of  water,  and  of  course  without  any  example.  After  some  clean- 
ing the  bird  drank  in  the  usual  chick  fashion. 

Another,  Omega,  on  its  third  day  was  put  into  a  deep  bath  :  it 
screamed  for  a  few  seconds,  then  settled  down  to  paddling  in  a  thoroughly 
efficient  fashion,  but  with  a  tendency  to  swim  backwards.  It  washed  its 
head  thoroughly,  cleaned  its  bill  with  its  foot,  turning  round  and  round  in 
the  water  like  a  top,  and  after  the  bath  it  preened  itself.  Repeated  ex- 
periments with  different  birds  showed  perfectness  of  swimming  powers 
without  experience  or  imitative  stimulus  ;  also  perfect  preening  after  the 
bath. 

In  several  cases  the  bath  was  followed  by  extreme  weakness,  by  con- 
vulsive fits,  by  inability  to  stand  upright— also  observed  in  fatigue  (the 
whole  tarso*metatarsus  being  horizontal) — and  by  a  physiologically  inter- 
esting tendency  to  run  rapidly  backwards  and  then  collapse.  After 
various  treatments — warm  milk,  a  little  oil,  massage,  and  drying  before 
the  fire — there  was  rapid  restoration  to  normal  vigour.  I  should,  of 
course,  like  to  know  what  the  backward  movements  really  mean.  They 
are  not  to  be  confused  with  the  normal  backward  run  of  6-9  inches  before 
defaecation,  which  is  doubtless  in  part  an  instinctive  adaptation  to  avoid 
filing  the  nest,  though  perhaps  also  with  some  internal  functional  import. 

Omega  in  its  third  day  was  fighting  with  X  of  two  days,  cowered 
down  into  a  corner  when  I  hissed  vigorously  :  it  was  far  more  frightened 
than  any  other  I  observed.  Again,  one  would  like  to  know  what  the  hiss 
corresponds  to  in  the  normal  environment.  The  same  bird  Omega  fought 
on  the  same  day  with  Y  (a  day  younger)  with  the  bills  gripped  in  the  adult 
fashion. 

My  observations  made  at  odd  times  in  a  busy  summer  session  cannot 
be  taken  so  seriously  as  the  careful  studies  by  Uoyd  Morgan  and  others, 
but  they  left  me  with  the  general  impression  that  the  wild  bird  is  in  some 
respects  more  endowed  at  birth  than  the  cleverest  chick. 

For  instance,  while  we  know  that  Lloyd  Morgan's  chicks  would  gorge 
themselves  with  useless  or  hurtful  things,  such  as  worms  made  of  red 
worsted,  the  young  gulls  were  from  the  first  judicious  in  their  eating. 
During  the  first  two  days  they  got  some  of  the  cotton- wool  of  their 
bed  into  their  mouths,  but  this  was  inevitable  ;  they  often  pecked  at  little 
pieces  of  dry  excrement,  just  as  they  pecked  at  any  conspicuous  spot,  such 
as  a  letter  on  a  piece  of  paper,  and  so  persistently  at  spots  on  the  saucer 
that  it  seemed  advisable  to  give  some  of  the  youngest  au  unspotted  saucer, 
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Once  or  twice  I  sai^  one  peck  at  a  flame,  but  as  f af  a^  I  could  see  they 
never  swallowed  anything  injurious  or  useless.  They  would  test  particles 
of  tobacco,  for  instance,  with  an  exceedingly  rapid  touch,  but  they  never 
went  beyond  testing.  Tlie  same  was  true  of  young  coots.  I  tried  X  re- 
peatedly with  a  little  twisted  roll  of  paper  :  he  pecked  at  it  three  times 
after  much  provocation,  but  he  threw  it  away  each  time,  and  beside  this 
we  have  to  place  the  fact  that  they  ate  worms  in  the  garden  and  small 
insects  without  any  hesitation  the  very  first  time.  A  heavy  meal  of  a 
particular  sort  seemed  to  be  followed  by  repugnance  to  the  same  food 
next  day  ;  they  showed  that  repentance  which  is  *  the  weight  of  undigested 
meals  ate  yesterday.'  Thus  I  note  that  '  Alpha  and  Beta  ate  too  much 
fish  yesterday,  won't  touch  it  to-day,  but  take  liver  freely,*  and  similarly 
with  many  other  food-stuffs.  Noteworthy  achievements  were  catching 
a  flying  insect  and  breaking  an  earthworm  into  three  pieces. 

As  to  quickness  of  learning,  I  observed  that  of  two  nestlings  who 
were  having  their  first  experience  of  food  in  a  saucer,  the  elder  after  some 
food  had  been  given  to  it  pecked  of  itself,  while  the  younger  pecked  at 
first  only  at  the  bill  of  its  senior,  but  within  five  minutes  pecked  also  out 
of  the  saucer. 

As  to  sounds,  it  seemed  possible  to  distinguish  (a)  the  peep- peep 
uttered  before  birth  and  long  afterwards  when  they  were  not  completely 
comfortable.  The  same  is  heard  at  the  gullery  when  the  mother  has  been 
off  the  nest  for  some  time  ;  sometimes  in  my  specimens  it  would  not  be 
once  heard  for  fifteen  minutes  or  more.  It  means  cold,  hunger,  or  some 
discomfort.  (6)  Secondly,  there  is  a  deeper,  more  adult-like  dissyllabic 
quack  uttered  in  excitement  before  food,  (c)  Thirdly,  a  sharp  surprise 
cry  uttered  when  they  were  lifted  quickly  into  bright  light,  or  disturbed. 
(d)  Fourthly,  there  is  a  very  plaintive,  but  contented,  almost  sigh-like 
cheep,  often  when  very  comfortable. 

One  thing  the  young  gulls  seemed  to  have  to  learn  in  their  artificial 
environment  was  to  recognise  water  to  drink,  but  this  was  probably 
because  it  was  presented  to  them  not  quite  normally — in  saucers,  glass 
vessels,  and  shallow  bath.  Although  thirsty,  they  would  walk  round,  or 
even  at  first  through,  a  saucer  without  using  their  opportunity.  As  with 
Lloyd  Morgan's  chicks  they  drank  if  they  got  their  bills  wet  by  pecking 
while  standing  in  the  water,  and  they  also  drank  when  thrown  into 
water.  Only  after  ten  days'  education  did  one  of  them  go  at  once  to  a 
dish  of  water  placed  on  the  floor  and  drink.  I  conclude  that  an  artificial 
association  was  established  between  a  shining  surface  and  drink,  for  I 
have  seen  my  gulls  of  three  weeks  or  so  trying  to  drink  from  the  glass  lid 
of  a  pasteboard  specimen  box  placed  on  the  floor. 

Another  general  impression  I  got  was  that  the  kin-instinct  is  strong. 
There  seems  to  be  even  from  within  the  egg  a  responsive  piping  to  those 
outside.  On  the  first  day  Beth  tried  to  make  towards  Aleph  in  a  separate 
compartment  of  the  incubator  ;  an  older  bird  showed  the  greatest  com- 
placence towards  its  younger  companion  who  followed  it  about  and  often 
tried  to  snuggle  under  its  imperfect  wing  ;  when  one,  before  having  its 
first  bath,  tumbled  from  the  floating  cork  raft  into  the  water,  and  was  for  a 
moment  confused  and  screamed,  his  companion,  who  had  experience  of 
two  previous  baths,  lumped  after  the  first,  swam  to  him,  and  touched  him ; 
where  two  strangers  were  brought  together  for  convenience  of  warmth, 
there  was  in  one  case  amity  after  a  few  bill-peckings  ;  in  another  case 
they  were  not  seen  nestling  together  till  the  third  day ;  in  two  cases 
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when  the  older  gull  had  taken  flight  into  freedom  leaving  a  youttger  com- 
panion in  the  garden,  the  first  to  fly  returned  repeatedly  to  visit  the 
younger  until  it  also  flew  ;  adults  of  the  species  flew  about  overhead 
when  the  young  in  the  garden  were  approaching  their  time  for  flight.  On 
the  other  hand,  a  winged  herring  gull  (shot  by  some  careless  person) 
which  lived  in  the  garden  displayed  not  the  remotest  interest  in  its  small 
congeners.     Nor  were  young  coots  interested  in  young  gulls. 

The  widespread  following- instinct  was  very  marked  between  younger 
and  older  ;  indeed,  to  And  one  in  a  large  room  in  the  summer  twilight  the 
quickest  way  was  to  set  loose  another,  and  it  should  also  be  noticed,  in 
confirmation  of  some  remarks  by  Thorndike,  that  one  of  the  young  gulls 
used  to  follow  a  little  boy's  bare  feet  persistently  over  the  lawn,  nestling 
beside  them  when  he  stood  still. 

Finally,  it  may  be  noticed  that  while  there  was  for  three  to  four  weeks 
great  tameness  and  familiarity  on  the  part  of  the  young  gulls,  the  wild  shy- 
ness and  suspicion  grew  quickly  after  they  were  able  to  rise  from  the  ground. 
The  species  is  of  course  migratory,  and  there  seemed  to  be  a  growing 
restlessness  towards  the  end  of  July,  but  this  may  have  been  prompted 
by  adults  who  frequently  flew  round  and  round  overhead.  It  was  note- 
worthy, however,  that  there  was  a  return  of  tameness  on  the  part  of  a 
younger  bird  after  the  flight  of  the  older.  It  was  even  seen  to  thread  its 
way  through  a  group  of  children  seated  on  the  lawn,  and  coolly  ap- 
propriate a  strawberry  from  one  of  the  plates. 


Changes  of  the  Land  Level  of  the  Phlegrcean  Fields, —  Report  of  a 
Oommittee  consisting  of  Dr.  H.  R.  Mill  {Ghairman\  Mr.  H.  N. 
Dickson  (Secreta/ry)^  Dr.  Scott  Keltie,  and  Mr.  E.  T.  GCntheh. 
(Drawn  up  by  Mr.  R.  T.  GOnther.) 

Work  was  commenced  soon  after  my  arrival  in  Naples  at  the  end  of 
June  1901,  and  is  still  in  progress. 

I  am  very  glad  to  be  able  to  report  that  the  material  for  investigation 
is  even  more  abundant  than  I  anticipated  when  the  research  was  pro- 
posed as  a  desirable  one  a  year  ago.  Many  of  the  so-called  rocks  and 
shoals  along  the  coast  of  Posilipo  have  proved  to  be  really  artificial  con- 
structions, Roman  breakwaters  and  foundations,  and  walls  of  houses. 

So  far  as  I  am  aware,  these  constructions,  now  submerged  to  varying 
depths,  have  never  been  mapped  ;  nor  indeed  is  there  a  good  large  scale 
map  of  the  coast  upon  which  the  submarine  antiquities  could  be  plotted. 
I  have  therefore  had  to  devote  a  good  deal  of  time  to  the  preparation  of 
a  new  survey  of  the  coast  line  before  beginning  to  map  the  adjacent 
portions  of  the  sea  bottom. 

The  sites  to  which  I  have  devoted  most  attention  are  : 

1.  A  triangular  area  inside  the  Pietra  Salata,  south  of  the  Capo  di 
Posilipo.  Here  the  remains  of  a  large  house  or  houses  have  been  dis- 
covered. 

2.  The  ancient  harbour  of  Marechiano,  famed  as  the  traditional  site 
of  Pollio's  fish  tanks. 

3.  The  Gaiola  region  and  Trentaremi  Bay.  To  the  north-east  of  the 
Gaiola  b  a  Roman  harbour,  which  seems  to  have  altogether  escaped  the 
notice  of  modem  archaeologists.  It  is  sheltered  on  the  south  by  a  series 
of  piers  (now  entir]y  submerged)  very  like  those  of  the  Roman  harbours 
of  Nisida,  fozzuoli,  and  Misenum. 
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It  is  unfortunate  that  this  material,  being  submerged,  will  take  a  long 
time  to  work  out  completely  ;  were  it  above  water  a  clear  idea  of  its 
significance  would  be  sooner  obtained. 

So  far  as  the  work  has  gone  at  present,  it  tends  to  show  that  the 
land  level  in  Roman  times  was  about  15  feet  higher  than  at  present ; 
that  there  was  a  road  all  along  the  coast  of  Posilipo  underneath  the  cliffs  ; 
and  that  this  road  was  lined  by  numerous  houses,  most  of  which  have 
been  washed  away.  These  points  and  others  will  be  shown  on  a  map 
which  is  in  preparation. 


The  Climaiolo(ji/  of  Africa, — Tentli  and  Fhial  Report  of  a  Committee 
consisting  of  Mr.  E.  G.  Ravenstein  {Clmirm/in)^  Dr.  H.  R.  Mill, 
aruZ  Mr.  H.  N.  Dickson  {SecretanJ),    {Brawn  up  by  the  Chairman,) 

Mbtborological  returns  have  been  received  by  your  Committee  iti  the 
course  of  last  year  from  twenty-one  stations  in  Africa,  including  Asiut  and 
Omdurman  ;  Old  Calabar ;  Blantyre,  Lauderdale,  Fort  Johnston,  and 
Nkata  Bay  in  Nyasaland  ;  Kisimayu,  Malindi,  Lamu,  Takaunga,  Mombasa, 
and  Shimoni  on  the  coast  of  British  East  Africa ;  Machako's,  Kitui, 
Nairobi,  and  Kikuyu  in  the  interior  of  that  Protectorate ;  and  from  the 
four  lake  stations  in  Buganda.  We  are,  moreover,  enabled  to  give  the 
results  of  seven  years'  observation  on  the  rainfall  at  Mengo  (Buganda), 
taken  from  the  unpublished  journal  of  the  late  Mr.  A.  M.  Mackay.  A 
table  giving  the  rainfall  since  1890  at  a  number  of  stations  has  been  added. 

Since  the  appointment  of  your  Committee  in  1891  meteorological 
reports  from  as  many  as  seventy- one  African  stations  have  been  pub- 
lished through  its  agency,  and  it  may  safely  be  asserted  that  many  of 
the  more  valuable  of  these  observations  would  never  have  been  made  or 
become  generally  available  had  it  not  been  through  our  action.  Amongst 
these  stations,  however,  there  are  only  fifty- six  the  records  of  which 
embrace  a  full  year,  and  eleven  from  which  we  have  received  full  returns 
for  at  least  five  years.  These  latter  are  Lauderdale,  Dunraven  (rainfall 
only),  Kisimayu,  Malindi,  Lamu,  Takaunga  (rainfall  only),  Mombasa, 
Chuyu  (or  Shimoni  in  Wanga),  Machako's,  Fort  Smith  (in  Kikuyu),  and 
Mengo  (Namirembo  and  Natete).  Among  stations  having  a  less  extended 
record,  but  distinguished  for  the  care  with  which  the  observations  were 
taken  and  the  interest  attaching  to  the  results,  are  Bolobo  in  the  Congo 
State  (3 1  years) ;  Zomba  (4  years)  and  Fort  Johnston  (28  months)  in 
Nyasaland  ;  Kibwezi(18  months)  in  British  E)Mt  Africa  and  Old  Calabar. 
We  should  also  refer  here  to  the  high  value  attaching  to  the  observations 
on  the  lake  le^el  of  Victoria  Nyanza. 

A  summary  of  Dr.  Livingstone's  meteorological  work  during  his  last 
journey  (1866-71)  will  be  found  in  our  report  for  1894. 

In  Egypt  Major  Lyons,  Director  General  of  the  Survey  Department, 
is  gradually  pushing  meteorological  stations  into  the  Sudan. 

In  Nyasaland  the  scientific  department  has  been  organised  by  Sir  H. 
Johnston  and  placed  in  charge  of  Mr.  McClounie,  an  able  and  zealous  officer, 
who  during  a  recent  visit  to  Europe  has  availed  himself  of  opportunities 
offered  to  gaui  a  competent  knowledge  of  the  working  of  a  thoroughly 
equipped  meteorological  observatory.  Zomba,  the  headquarters  of  the 
Protectorate,  will  soon  take  its  place  among  stations  of  the  first  order,  for 
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it  is  ndw  fufhidh^d  with  a  thermograph,  a  barograph  (specially  designed 
for  a  considerable  altitude),  an  anemometer,  and  a  Whipple-Caselle  sun- 
shine recorder.  Fort  Johnston  ranks  as  a  station  of  the  second  ordei*, 
and  it  is  proposed  to  establish  similar  stations  at  Chinde  and  at  one  of 
the  lake  ports.  In  addition  to  Lauderdale,  where  the  representatives  of 
Mr.  J.  W.  Moir  continue  his  work,  Zomba,  and  Fort  Johnston,  there  are 
ten  climatological  stations,  and  rain-gauges  have  been  set  Up  in  many 
places.  Quite  recently  ten  hygrometers  have  been  ordered,  for,  as  Mr. 
McClounie  writes,  *  cacao  is  to  be  experimented  with,  and  to  think  of 
growing  such  a  product  anywhere  we  must  have  some  idea  of  humidity 
and  saturation.'  The  registers  are  kept  in  conformity  with  our  *  Hints.' 
The  results  are  published  monthly  in  full  as  a  supplement  to  the  *  British 
Central  Africa  Gazette '  and  freely  distributed. 

In  British  East  Africa  instruments  were  supplied  in  1891  by  the  late 
Imperial  British  East  Africa  Company,  and  it  does  not  appear  that  fresh 
grants  have  been  made  since  or  breakages  made  good.  The  earlier 
records  appear  to  have  been  lost,  but  a  summary  of  all  that  could  be 
saved  up  to  1893  has  been  published  by  the  Chairman  of  your  Com- 
mittee.^ All  that  has  been  done  since  will  be  found  in  the  *  Reports '  of 
your  Committee,  the  original  *  Registers '  having  been  kindly  communi- 
cated by  the  Foreign  Ofi&ce. 

In  July  1895  Dr.  A.  D.  Mackinnon  proposed  to  H.M.  Commissioner 
for  Biigatida  the  establishment  of  at  least  three  fully  equipped  meteoro- 
logical stations,  there  existing  at  that  time  throughout  the  Protectorate 
only  two  rain-gauges,  in  addition  to  a  few  instruments  in  the  hands  of 
the  missionaries.  These  sets,  including  mercurial  barometers  and  anemo- 
meters, were  granted  by  the  Foreign  Office  in  May  1896,  and  supple* 
mentary  grants  have  been  made  since.  When  Sir  H.  H.  Johnston 
arrived  at  the  close  of  1899  he  found  Mr.  Alexander  Whyte  at  the  head 
of  a  scientific  department,  and  he  induced  the  Foreign  Office  to  appoint 
an  assistant  (Mr.  J.  Mahon),  who  should  attend  more  particularly  to  the 
collections  and  the  tabulation  of  meteorological  information.  Meteoro- 
logical stations  have  now  been  established  at  Naivasha,  Baringo,  Eldoma 
Ravine,  Kisumu,  Mumias,  Jinja,  Fort  Thruston,  Kampala,  Ntebe,  Fort 
Stanley  (Sese  Islands),  Masaka  (Buddu),  Fort  Portal  (Toro),  Mbarara 
(Ankole),  Hoima  (Unyoro),  Wadelai,  and  Qondokoro. 

Such  of  the  instruments  originally  issued  by  us  which  have  not 
become  unserviceable,  been  lost,  or  been  otherwise  disposed  of  have  been 
left  in  the  hands  of  trustworthy  observers,  with  a  reversionary  claim 
upon  them  by  the  British  authorities  within  whose  territory  the  stations 
are  situated. 

Your  Committee  have  likewise  published  *  Hints  to  Meteorological 
Observers  in  Tropical  Africa,'  which,  they  are  happy  to  say,  have  been 
made  widely  known  and  freely  accepted  by  observers.  Copies  may  be 
obtained  on  application  to  the  Secretary  of  the  Royal  Meteorological 
{Society. 

The  registers  received  by  your  Committee,  and  not  claimed  by  the 
observers,  have  been  handed  over  either  to  the  Meteorological  Council  or 

»  •Report  on  Meteorological  Observations  in  British  Ba^t  Africa  for  1893.' 
London :  G.  Philip  &  Son,  1894.  Persons  interested  can  have  copies  gratis  on 
application. 
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to  the  Secretary  of  the  Royal  Meteorological  Society,  and  may  be  freely 
consulted  by  persons  interested. 

Your  Committee  are  under  no  illusion  as  to  the  merely  conditional 
value  of  many  observations  published  by  them.  The  index  errors  of  the 
instruments  were  unknown  in  many  instances  ;  the  hours  for  making 
observations  were  injudicially  chosen  ;  the  observers,  owing  to  illness  or 
official  duties,  were  frequently  unable  to  fill  up  the  registers,  and  there 
was  no  one  to  take  their  place  ;  or,  worse  still,  they  had  absolutely  no 
knowledge  of  the  manner  in  which  the  instruments  entrusted  to  them 
should  be  handled,  and  placed  readings  on  record  which,  on  the  face  of 
them,  are  utterly  absurd,^  and  must  unhesitatingly  be  reject^. 

Your  Committee,  on  bringing  their  ten  years'  service  to  a  close, 
desire  to  direct  the  attention  of  the  authorities  called  upon  to  organise  the 
meteorological  service  in  British  Protectorates  or  Crown  Colonies  to  the 
following  points  : — 

1.  The  instruments  supplied  should  not  only  be  verified  before  they 
leave  England,  but  should  also  be  inspected  periodically  by  a  competent 
official,  who  would  pay  particular  attention  to  their  exposure,  inquire 
into  the  competency  of  the  persons  charged  with  filling  in  the  registers, 
and  eventually  teach  them  how  to  observe. 

2.  Inasmuch  as  all  officials  may  occasionally  be  called  upon  to  fill  up 
the  registers,  they  should  be  instructed,  before  they  leave  England,  in 
handling  and  reading  the  usual  meteorological  instruments.  An  hour 
spent^at  the  office  of  the  Meteorological  Council,  or  with  the  Secretary  of 
the  Royal  Meteorological  Society,  would  suffice  for  that  purpose. 

3.  It  is  of  far  greater  importance  to  have  a  limited  number  of  stations 
well  equipped,  and  the  registers  from  which  can  be  thoroughly  trusted, 
than  a  multiplicity  of  stations  provided  with  defective  instruments,  care- 
lessly or  intermittingly  attended  to. 

4.  Care  should  be  taken  that  there  should  be  no  interruption  in  the 
records  kept  at  the  principal  stations  owing  to  the  illness  or  temporary 
absence  of  the  observer.  Duly  qualified  rative  assistants  could  be 
obtained  from  the  Meteorological  Department  of  India. 

5.  It  is  most  desirable  that  the  hours  of  observation  recommended  in 
our  '  Hints '  should  be  strictly  adhered  to,  not  for  the  sake  of  uniformity 
only,  but  mainly  because  they  yield  a  true  mean  of  barometric  pressure, 
temperature,  and  humidity  without  making  undue  or  unreasonable  demands 
upon  the  time  of  the  observers. 

6.  Unless  local  provision  is  made  for  the  adequate  publication  of  the 
observations,  the  registers  should  be  forwarded  (through  the  Foreign  or 
the  Colonial  Office)  to  the  Meteorological  Council,  or  to  the  Secretary  of 
the  Royal  Meteorological  Society,  in  order  that  abstracts  may  be  prepared 
and  made  generally  accessible  to  meteorologists  and  others  interested. 
Still  better  would  it  be  if  an  annual  volume  containing  all  these  observa- 
tions were  to  be  published  separately. 

'  Not  infrequently,  as  pointed  out  by  us  in  publishing  these  observations,  the 
wet  bulb  and  maximom  thermometers  give  higher  readings  than  the  dry  bulb  and 
minimum  thermometers.  Nay,  some  of  these  observers  seem  to  be  ignorant  of  the 
decimal  notation,  for  they  enter  17*8  or  30*68  when  there  is  no  doubt  that  17*08  and 
30-068  ought  to  have  been  entered. 
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BEFOBT — 1901. 


Old  Calabar. 

Zat.  4«  58'  W. 

,  Lofiff.  8«  17'  E. 

Observers 

•  Dr. 

E.  O.  Fenton  and  Dr.  Robert  Bennett 
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The  observations  in  other  rosrcota  arc  published  as  received. 

The  relative liumidity  ut  7  a.m.  wns  91-0  p.c,  nt  1  p.m.  it  was  681  p.c,  at  9  p.m.  872  n.c. 
13  p.c.  on  January  27  and  95  p.c  iu  May. 


Tlie  extremes  noted  were 


Lauderdale,  Mlanje.    Lat.  1G°  2'  S.,  Long.  35°  30'  jF.,  2^0  feet.     Communicated  by  John  W.  Moir. 


Mpan  Tpm™»raturn         Temp.     I  Mean  Temp.  I    Dew     I  Vapour  I  Relative    I  «_._ 

Mean  Temperature    |  Extremes  |    Wet  Bulb   |   Point    |prc3S'arel  Humidity|  ^^^ 


Clonal 
(0-10) 


! 

\ 

B        9    '. 
A.M.  I-J^ 

0. 

In. 

i 

4-86 

7-2 

63  1 

2-84 

6-7 

6-8   , 

4-21 

6-6 

44  ' 

S-85 

81 

J-4 

216 

0-6 

3-5 

0^74 

81 

4-0   1 

0-44 

2-4 

J^ 

1^26 

a-s 

1-7  ; 

276 

0-9 

!•-*  . 

2-87 

8*4 

1-3   ' 

6-44 

8-7 

4t)   ' 

2-62 

68 

51 

644 

8-7 

8-2 

8^66 

4-» 

4-5    , 

967 

4-9 

41 

898 

4-7 

— . 

6-07 

31 

3-5 

12-41 

— 

I 

6*66 

"1- 

'  The  mean  temperature  is  assumed  to  be  the  mean  of  the  max.  and  min.  temperatures,  and  is  about  V*  too  higt. 
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Fort  Johmton,  Ayataland.    Lot.  14°  28'  5.,  Lofiff.  35°  15'  K,  AU.  1,590/?^  approx. 
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for  index 
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Fort  Johnston. — The  mean  temperature  is  deduced  from  the  formula  * 
barometer  is  corrected  for  index  error  but  not  reduced  to  82°  P. 
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5 

May.       . 

•928 

81-8 

81-0 

84-5 

81-6 

83-0 

87 

80 

3-0 

81-5 

1-074 

96 

18-07 

16 

5-10 

< 

June. 

•946 

79-7 

78-1 

82^4 

80-3 

81-3 

84 

79 

21 

77-6 

0*942 

96 

2*58 

10 

0-80 

10 

July.       . 

•968 

78-9 

77-2 

81-9 

80-1 

81-0 

86 

79 

1-8 

76-6 

•913 

96 

618 

15 

112 

9 

August     . 

•969 

79-2 

77^5 

81-4 

80-9 

81-1 

83 

79 

0-5 

76-9 

•922 

95 

1-45 

9 

0-60 

5 

September 

•947 

80-7 

79-2 

82-8 

82-2 

82-5 

86 

81 

0-6 

79-0 

•988 

98 

2-34 

8 

1-05 

2 

October    . 

•870 

81-8 

80-2 

88-4 

82-9 

88-2 

86 

81 

0-5 

79-7 

l-Oll 

95 

6-22 

9 

1-83 

5 

November 

•817 

88-2 

81-6 

85-1 

88-5 

84-8 

88 

81 

1-6 

811 

1'069 

96 

6-44 

9 

1-65 

6 

December. 

•788 

83-5 

81-4 

85-4 

84-2 

84-8 

87 

82  i 

1-2 

80-8 

1-047 

94 

3-86 

8 

1-07 

10 

Year  1900 

29-887 

82-2 

80-5 

84-7 

81-2 

85-9 

98 

60 

3-6 

80-0 

1-026 

96 

61-66 

114 

610 

09 

„     1899 

•911 

81-7 

79-4 

86-9 

78-6 

82-8 

90 

78 

7-8 

78-6 

-974 

90 

86-16 

94 

2-78 

^ 

„     1898 

•889 

81-4 

78^5 

84-6 

76-2 

80-1 

87 

69 

8-4 

75-9 

•946 

88 

26-00» 

39 

2-60 



n     1897 

•904 

80-7 

77-0 

83-2 

75-4 

79-3 

88 

71 

7-8 

75-6 

•886 

85 

52-66 

42 

5-60 

— . 

„     1896 

•906 

80-8 

75-6 

82-9 

75-8 

79-8 

89 

70 

71 

78-8 

•832 

81 

65-24 

94 

4-31 

— 

Mean,  1896- 

1 

1900.        . 

29-899 

81-6 

78-1 

84^ 

77-4      81-4 

90 

71» 

6-8 

77-9« 

•909' 

86»     47-92 

77   5-10 

_•:- 

I 


Mombasa. — All  readings  have  been  corrected  for  instrumental  error,  excepting  those  of  the  barometer,  the  records 
of  which  have,  however,  been  reduced  to  32°  P.  and  to  standard  gravity  In  Lat.  45°. 

*  The  reading^  of  the  minimum  thermometer  during  March  should  be  rejected.    On  10  days  the  max.  and  min. 
temperatitre  is  stated  to  have  been  the  same,  and  on  4  days  the  min.  temp,  is  entered  as  having  exceeded  the  max. 
temperature.    It  is  probable  that  the  wet  bulb  readings  for  several  years  past  have  been  too  high. 
*  Omitting  the  year  1900.  *  Partly  estinmted. 


Skimoni  (  Wanga),    4®  38'  S.,  39°  2V  JE. 

Obssrvers  :  Af,  Q.  Carvalho,  E.  H.  L.  Murray,  and  tlis 

late  E,  H.  RuiseU, 


Lamu.    2""  8.,  Long,  ^{f  E. 

Obtervers:  A,  8,  Ilogers,   Wallace 

Blake,  J.  J,  Anderson, 


Month 


Atmospheric '  if ®*° 


Humidity, 
9  a.m. 


9  a.m.  3pjf.  Dry  I  Wet. 


1900 

January  . 
Febmary  . 
3farch 
April 
May.       . 
June. 
July. 
August     . 
September 
October    . 
November 
December. 


In. 

29-882 
•865 
•909 
•908 
•914 
•957 

30K)29 
•041 
•010 

29^979 
906 
878 


Tear  1900 
„  1899 
„  1898 
„  1897 
„     1896 


29-940 
•948 
•901 

•788 
•805 


In,   I   o 

29-818   84-4, 

•818    84-5 

•818    84-41 

•811 1 81-4 ; 

•816  i  79-0 
•860  76-3 
•966  I  76-6 
•970 ;  75-9 
•969  76-5 
•920  79-0 
•946  '  80^9 
•835  j  81^1 


81-2  80-2 
82-6  81-9 
82-8  81-6 
79-5  78-9 
77-4  76-8 
74-9  74-4 
75-1  74-6 
74-8  74-5 
76-4,  76^0 1 
77-8;  77-4 
79-8  79^4 
80H)1  79-6 


if  :52'  I 


Rain 


In.  Ip.c.|  In.  No. 
1-028  i  90  2*85  I  8  ' 
1-087  94  I  •89;  2  ; 
1-078  I  94  I  3*16  !  7  \ 
•984  I  94  2-98 
•921 ,  95  I  21-15  1  26 


•848'  96 


-8631  96 


853 

•897 
•988 
1-003 
1-010 


4-47 
6-06 
2-82 
2*46 
3-69 
8-66 
98  j    1-58 


29-878   800  786  77-91 

-879    76-6  77-7  77-()l 

—  80^  79-1  78-61 

—  I  81-0  79-1  79-3' 

—  80-1  76-6  76-2 


•958  !  95  j  59-76    120 

•927  I  92    62-51 

•974  93    27-30  '  85  j 

•977 1  92    86-75    109  ! 

•874  85  1 56-67    111 


'Menn,1896-I 

1900.        .  29-875 1    — 


79-7  78-2  77-6'     -942 


91  146-56    103  I    5-25 


i  SMmoni.—Ali  readings  have  been  corrected  for  Instrumental  error 
,  (see  Report  for  1898,  p.  4).  The  dry  bulb  readings  are  those  of  the 
;  thermometer  attached  to  a  barometer. 

The  barometer  readings  have  been  reduced  to  82«  F.  and  Lat.  46«, 
I  but  not  to  sea-level. 
I 


Z^mu.— Tlie  rainfall  for  1899  is  partly 

estimated.    No  rainfall  observations  have  1 

been  made  since  September  of  that  year.      j 

The  ralnfaU  was  41*29  in.  in  1896  ;  32-28  1 
in.  in  1897  ;  12-39  In.  In  1898;  about  14  in.  ; 
in  1899,  and  the  mean  (1896-1900)  28  in. 

The  heaviest  fall  (8-25  in.)  occurred  in 
April  1897. I 
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Takaungu,  Lot.  Z"*  41'  8., 
Long,  39^  52'  K  Oh- 
servert:  C,  F.  Braganza 
and  Q.  H.  X.  Murray. 


Kuimayu,  Lot.  O*  22'  8.,Long,AS?  33'^. 
Obtcrveri  :  R,  Q,  Farrant,  Wallace 
Blake,  amd  R,  W.  Humphrey. 


1 


Month 


I  ]900 

I     January . 

February 
i     Haix!h 
'     AprU 
I     May 

Jane 
'     July 

August  . 
'     September 
I     October  . 

Norember 

December 


1900 
1899 
1898 
1897 
1896 
1895 


Mean,  1896-1900    48*49     99      3'61 


Rain 


Months 


III 

11 

r*  _ 

9AJC. 

9AJI. 

~ln. 

o 

29-980 

88*3 

•876 

88*6 

•998 

84*9 

80*838 

86*6 

•186 

841 

29-967 

80*1 

•914 

79H) 

•969 

79*4 

•997 

80*0 

•986 

80*1 

•810 

82*7 

•808 

81-8 

29*972 

82i) 

•926 

81*1 

29*885 

80*8 

Bain 


lu. 


0*48 

*08 

8*67 

3-17 

1*81  i 

0*10 

•04 

•00 

1*76 

1-82 

12-87 

12-40 

10*91 


e 

Isi 

1 

m 

No. 

lu. 



__ 

1 

0*48 

1 

•03 

6 

1*88 

8 

1-50 

8 

0*61 

2 

0*08 

1 

•04 

0 

_ 

4 

1-10 

0 

0-02 

31 

1-88 

87 

4*12 

80 

8*44 

68*09    124  6-48 

83*16    116  '  2*08 

24*00     71  ;  1*76 

64*40  1104  6-13 

47*80     79  I  8-27 

36-71     68  8*30 


NairoU.  Lai,  l«'2'iS.,36<>  57' 
E.,  6,460  ft.  Obiervers  : 
W.  B.  Spiers,  iF,  Oilki- 
ton,  Louis  S...  [illegible] . 


Month 


1899 
October  . 
Norember 
December 

1900 
August  . 
September 
October  . 
November 
December 


Bain 


In. 
4*6^ 
2*80 
2*34 

0*00 
017 
0-47 
6-48 
6*26 


■0 

%ci 

1 

P' 

a    e 

No. 

In. 

6 

8*40 

10 

0-76 

4 

1-5C 

0 



1 

017 

8 

*18 

16 

*79 

13 

1*79 

The  readings  haye  been  corrected  for  Initru- 
mental  error.  ,.       ^       ^  ^      ^ 

The  barometrical  readings  have  been  rcdnoed 
to  standard  temperature  of  Zi^  and  standard 
gravity  in  lat.  46°,  but  notjbo  aea-level. 

"    f  i:ituL    Lat.  i""  50' i^.,  Long. '6S°L\    Ob' 
I  serrer  :  8,  L.  Hinde., 


I 


Jfalindi.    Lat.  3«  13'  A,  Long.  40*»  V  E. 
Observer :  James  Weaver, 


Mean  Temp. 
9  a.m. 

Humidity,  S 

1 

A.M. 

Bain 

Month 

II 

^   1 

■*> 

1  -a 

Dry 

Wet 

Dew 
Point 

1 

1           1900 

o 

o 

1     o 

In. 

P.C. 

In. 

No. 

In. 

1  January  . 

84*4 

78-3 

76*1 

*899 

82 

0-87 

6 

0*36 

February 

86*2 

80*6 

1  79*1 

*992 

86 

•83 

2 

•18 

1  March     .       . 

86-6 

80*3 

78-6 

•976 

84 

•66 

4 

*30 

April 

84-7 

80*3 

78-8 

•987 

86 

1-96 

6 

•61 

May.       .       . 

82*4 

79-2 

78-1 

•960 

90 

17-08 

14 

6*26 

June 

79*7 

76*6 

76-4 

*876 

90 

1^84 

4 

0*73 

July         .       . 

78*4 

74*4 

72-8 

•806 

87 

2-77 

6 

•66 

August    . 

79*3 

74*7 

72-9 

*808 

86 

1*72 

6 

•88 

September 

79*7 

78*2 

73*9 

*8»4 

89 

1-48 

6 

•87 

October   . 

80-9 

75*9 

74*0 

•888 

86 

2*30 

7 

•60 

November 

80*8 

77*4 

76*3 

•906 

91 

8*68 

8 

1^82 

December 

81*6 

77-7 

76*4 

*907 

88 

2*47 

7 

143 

Tear  1900 

81*8 

77*6 

1  76*0 

-898 

87 

87*06 

74     6*25 

„      1899 

81*4 

75-9 

,  78-8 

•833 

78 

8388 

102 

6^30 

„      1898 

81*7 

771 

,  76-4 

•882 

81 

14-44 

68 

1-66 

„      1897 

.. 

— 

'     — 

— 



68*00' 

91 

4-86 

„      1896 

81*1 

78-0 

'  76-9 

929 

87 

68*60 

89     4-36 

Mean  1896-1900 

81*6 

771 

76-6 

•886 

88 

39*29 

82 

4-28 

»  Partly  esU 

mated. 

Month 

Temperature 

Bain 

Ex- 
tremes 

- 

Js 

Mean 
Max. 

Mean 
Min. 

M 

n 

1 

Day 

viest 

^ 

§ 

< 

^ 

1900 

o 

o 

e 

o 

In. 

No.l    In. 

July. 

71-8 

67-1 

77 

62 

0-23 

6     0-12 

September 

76-7 

60*0 

80 

68 

0*18 

1 

0*18 

October    . 

74^6 

62*8 

78 

60 

13-81 

7 

4-40 

November. 

80-6 

62*0 

— 

60 

12-68 

12 

2-80 

December. 

76-6 

68-8 

78 

61 

14-66 

14 

3-20 





„ 



Fort  !Smith,  Aikuyu.  Lat.  1°  14'  TV., 
Long.  36°  44'  E.  AU.  6,400  feet.  Oh- 
serrer :  Francis  O.  Hall. 


Mean 
Temp. 
9a.il 


Month 


j  Wet  Dry  5-1 


Humidity 
9  a.m. 


Bain 


1899 
January  . 
February . 
March 
April 
May.       . 
June. 
July  . 
August 
September 


69*9  66*6 
61*0  68-0 
60-1  66-6 
62-0  66-0 
60*0  62*8 
66-3  67-6 
64*0  68-6 
54-6  67-3 
66-8  60-4 


63-2 
66*4 
63^8 
63*8 


In. 
•579 
•624 
■690 
-590 


61-8  -651 
66-6  -457 
56-2  -462 
55-9  '466 
54-8  ;-429 


In. 
0-29 
0*81 
2*54 
6-11 
4*79 

*07 
1*09 

•67 

•01 


In. 

•29 

•60 

1-94 

2-41 

1-44 

•05 

•23 

•17 

•01 


During  a  thunder  and  hatl  storm  at  3.20  r.M.  on 
Mav  18  the  thermometa:  dropped  13  degrees  in  half 
an  hour. 
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HEPORT — 19.01. 


Maohako 

'*,  Laz.  1°31'  S.,  Lon/j.  37<*  18'  E., 

5,400/«rt.     Observer:   W.Maclellan  Wilton. 

Temperature 

Humidity  9  a.m.  |          Rain 

If 

1^ 

d  is  estimated 
tlie  observer, 
idedinthelast 

»DIC3 

1             «>      1   -.    >.           ..         1               1  .>                          A 

IConth 

9     '  Mean 
A.M.     Max. 

Mean 
Min. 

Kxtr 

Dew 
Point 

Vapour 
Pressure 

"Relative 
Humidit 

Amount 

1 

1            0) 

Max. 

Min. 

1900 

In. 

o 

o 

e 

o     1    In.    !  P.O.     In.    1  No. 

I 



o1^ 

January 

24-74 

661 

73-7 

56-4 

79% 

54  7 

58-7      -496    1  77      8-17       17 

2^ 

1-7 

February 

•74 

67-9 

78-1 

57-9 

7H-7 

62-6 

58-3    1  -487    1  71  '  8^10 

15 

1- 

1-2 

March 

•74 

66-6 

76^1 

59-0 

7.S6 

64-6 

60- 1    i  -621 

80  |10^16 

21 

2- 

12 

^\ 

•74 

66-8 

74^0 

69^2 

78^3 

661 

68-7 

•497 

79      6-43 

16  ,i-           ; 

11 

•85 

63-9 

73^0 

56-9 

75-8 

480 

67-9 

•481 

81  1  6-89 

13  ll- 

0-9 

June. 

•86 

61-8 

71^0 

54-8 

7:V6 

43-5 

5ft-2 

•652 

80  1  0-07 

2    0-              1 

M 

July. 

•86 

69-6 

68-1 

52-7 

72-6 

47-9 

63-6 

•412    1  80     0-36 

7  ,0* 

1-5 

August 

•81 

606 

70-7 

631 

768 

42-9 

63-7 

•413    .  79      ©•OS 

e'o^         i 

1-0 

<«5 

Septembei 

•80 

62-5 

74-8 

64-6 

78-3 

48-0 

53-H    1  -416    1  73  1     -00 

0  ,  -              1 

1-2 

October 

•76 

65-6 

77-2 

67-3 

82-7 

b.\M 

55-2    1  •437    1  71      3^40 

8    1-             » 

1-4 

November 

•71 

66-2 

72-8 

68-1 

76-8 

53-2 

58-8    :  -496    |  78      8*64 

21  ll- 

1-6 

December 

•70 

C5-4 

71-4 

68-7 

74-6 

66-4 

59-0    1  -501    1  81      8-04 

28   0-              ( 

1-6 

Mac 
accord i 
thus  :  0 

Year  1900 

24-776 

G4-3 

73-0 

66-7 

82-7 

42-9 

66^9    !  '475    1  77-5  68-32  ll64  12'             i 

1-3 

i/iMTA^^^>— continued. 

Frequency,  Direction  and  Total  Force  (0-6)  of  Winds,  at  9  a.m. 

r.s.w.i  w. 

(W.N.W.  N.W.'n.X.W 

1               1     ..   1 

Calm* 

Kikvyn,  about  Lat.  1°  14'  S.,  ^'atcte,  near  Mango  {Dvganda).     Lot.  0°  20'  -V.,  Lm>g.  32°  36'  E.y  4,000/rrf 
Lon/f.  36«*42'  E.,  0,400^.    ;l  Ohserrer  :  A.  M.  Alachay,  Church  Musionanj  Society. 


!  ►<   ,      >*•  Eh  (mi 


I  ■■   I 


ll 

i"r  il- 

'_| 

■ 



i: 

21 

—  11  ij  — 

_i 

1 

1 

6,     6    2    2 


I      l! 


2 
6 
7 
6 
9 

10 
9 

14 

12 
8 

10 
9 

102 


Month 


1900 
January . 
February 
March 
April 
liay 
June 
October 
November 
December 


Mean    I 
Tem- 
perature I 


Raiu 


78^4 
77^4 
767 


61-9 
61-0 
69-4 


In.  I  No. 

5-25  I  8 

9-21  14 

5-66  I  14 

5-18  I  21 

:-85  1  21 

2-22  4 

6-04!  15 

6-67  i  20 

4-68  22 


X 

In. 
1-54 
2-80 
P46 
0-74 
2-23 
1-35 
2-00 
1-45 
1-43 


The  observations  up  to  June 
were  made  at  the  Station  of  the 
East  African  Scottish  Mission 
(by  Ker.  T.  Watson);  the  re- 
maindcr  at  Fort  Smith,  2}  miles 
distant  from  it,  by  the  late  Fran- 
cis O.  Hall. 


Moiui 

Meat 

llontli 

Rainfall.    Amount  in  Inches 

Rainfall.    Xo.  of  Days 

Max. 

Min 

1879 

Tfcm. 

Teni 

1881 

1H»2'18.S3    1884 

1885 

li 

K79!l8Hl 

1882' 1883 

1884|1886 

1886 

F. 

F. 

Jan.  . 

6-60  !  :V36 

li)S'  4-50     0-52 

1-19 

2          11 

6 

6  ,     6 

6 

8 

4 

87^2 

5S-1. 

Feb.  . 

3C:) '  -l-HI 

41»G     2'C()     3-30 

5-(»4 

a         12 

9 

12  1     6 

5 

6 

6 

86-0 

59-6 

Mar.. 

5-27  '  0-58 

2-11     203     3-02 

662 

3         11 

15 

9        6 

6      14 

7 

87-6 

69-9 

April 

6-67   Vim 

S--11     7-0-i     4-3(' 

5-73 

6         13 

12 

9 

6 

4 

6 

9 

81-4 

6(»-l 

May 

8-00 

4-26 

3-H7     4::2     2-45 

6-47 

h         15 

11 

9 

9 

3 

6 

8 

79-3 

6«)-T 

June ' 

2-06 

2-68 

l-«s'  '2-\r2\  3-92 

5-16 

S           3 

8 

6 

6 

9 

7 

78-2 

591 

July  • 

0^35 

2-63 

2-8H  ,  6'39  1  3-68 

6^21 

1 

6 

8 

10 

6 



79-6 

65-.'i 

Aug.. 

114 

3^60 

.'J-IO.  4-75  1   1-40 

3-46  1              9 

8 

4|     9 

6 

— 

821 

571 

Sept.. 

S'^-'i 

304 

4-67  ,  2-78  ,  4-80 

3-07 1            13 

8 

8     10 

10 

— 

86^7 

57•^ 

Oct.  . 

3-48 

3-54 

7'GO  ;  2-27  '  9-24 

6'3i 

11 

11 

12        8 

9 

— 

88-6 

61 -.N 

Nov.. 

381 

4-68 

2-81     3-93  ,  4-31 

4-28 

11 

12 

9  1  12 

11 

11 

— 

W4 

68-9 

Dea  . 

1-62 

234 

1-04     0-80 1  0-29 

2^04 

6 

6 

6  '     6 

2 

• 

— 

84-2 

68-7 

Year. 

46-57  |64-96 

44-91 144-22  |40-66 

52-59 

14 

109 

97  1  92 

76 

76  1- 

89-8 

691 

The  above  arc  taken  from  the  journals  of  the  late  A.  M.  Mackay,  brought  to  England  bj 
Dr.  Junker.  The  temperatures  are  the  means  of  observations  made  between  January  188^ 
and  June  1886.  They  have  been  corrected  for  suppose*!  index  errors,  but  the  mean  maxinu 
appear  to  be  still  verj-  much  too  high.  In  November  1885  the  thermometer  was  removed  tc 
the  north  side  of  the  house,  and  the  mean  maximum  at  once  fell  from  91*2°  In  October  to  t$S*4' 
in  November  1885.  The  mean  for  the  montlis  November  to  June,  before  the  remoral,  wai 
84-6°,  after  the  removal  only  83-0°.  According  to  observations  made  by  Ber.  B.  MlUar  ii 
1898,  the  mean  of  all  maxima  M-as  81'8°,  that  of  all  minima  621°  (see  Third  Report). 


Digitized  by  VJ^^^^V  IV^ 


ON  THE  CLIMATOLOGV  OF  AFRICA. 


393 


Victoria  Nyanza  Lake  LeveU  and  Baivfall,  in  Decadei. 
Ohserrers:  F.  Pordage,  i\  A.  Knowles,  H,  Gait,  S.  Spire,  W.  B,  Walker, 

and  others. 


Decftfles 


Lake 
Level 


In. 

Jannary, 

+  300 

^ 

11. 

2-62 

^ 

UI. 

2-67 

Febmaiy 

8-<7 

„ 

317 

^ 

2-66 

March, 

I. 

3-04 

^ 

2-72 

^ 

2-47 

April, 

1-72 

„ 

1-82 

„ 

8-97 

Mav, 

3-64 

„ 

II, 

4-54 

^ 

III. 

4-22 

.Tone, 

4-89 

^ 

4-42 

^ 

4-65 

Jnly, 

4-97 

„ 

4-95 

3-61 

Aagnrt, 

2-17 

.^ 

+0-32 

^ 

-2-80 

September,    I. 

-8-55 

^ 

n. 

-4-68 

^ 

III. 

-6-58 

<Vtobcr, 

I. 

-8-33 

II. 

-713 

., 

in. 

-7-76 

November,    I. 

-8-80 

IT. 

III. 

December,     I. 

II. 
111. 


-9-73 
-9-53 
-8-93 
-6-48 


Fort 

Thrnston, 

1899 


Lake 
Level 


lu. 

-0-76 
-1-03 
-1-31 
-2-81 
-2-56 
-1-86 
-2-36 
-2-98 

-8-78 

-8-68 

-2-48 

-2-48 

+  0-82 

+  3-22 

+  2-17 

-0-28 

-1-18 

-:5-08 

-2-73 

-2-93 

-8-23 

-12-48 

-18-49 

-lC-88 

-17-08 

-18-98 

-19-93 

-21-78 

-2243 


Ntebc  (P.  AUce),  1900 


Rainfall 


-6-68 

-6-38 

-6-12 

-6-88 

-5-38 

-6-03 

-6-33 

-6-03 

-4-53 

-5-53 

-6-63 

-6-53 

-4-28 

-6-03 

-4-68 

-4-28 

-3-68 

-3-48 

-303 

-2-63 

-215 

-2-78 

-3-23 

-4-12 

-5-8:i 

-7-63 

-10-23 

-18  83 

-15-93 

-17-21 

-18-08 

-18-73 

-19-58 

-18-98 

-18-08 

-16-63 


M4 
1-12 
0-00 
1-87 
2-63 
0-23 
0-02 
2-77 
3-31 
1-81 
6-87 
4-86 
1-01 
0-47 
1-22 
4-(/9 
1-69 
0r03 
0-00 
0  15 
0-28 
1-00 
1-25 
0-65 
0-22 
810 
0-11 
0-15 
0-35 
1-03 
1-63 
1-29 
8-17 
4-24 
4-38 
3-89 


Heaviest 
Fall 


Fort 
TbrustoTi 
(Lubwas; 

Lake 
Level, 

1900 


Kisumn, 

on  Kavi- 

rondo  or 

Ngowe 

Bay.  Lake 

Level, 

1900 


Xtebe.  Rain,  1900 


In. 


0-63 
2-50 
0-07 
0-02 
1-16 
1-39 
0-85 
1-9G 
1-50 
0-9? 
0-27 
0-62 
2-82 
0-80 
0-02 

0-08 
0-28 
0-35 
1-25 
0-65 
0-22 
1-26 
0-04 
0-05 


-19-18  I 

-18-98  , 

-18-58  ' 

-18'83  ' 

-18-88  I 
-18-80 
-18-78 

-18-73  I 

-19-08  I 

-20-43  ' 
-21-13 

-23  43  , 
-25-28 


0-27 

-26-78 

4 

o-:8 

-29-21 

116 

-30-18   1 

0-76 

-80rl3    1 

1-36 

-30-63    1 

1-61 

-28-43 

2-10 

-27-68 

1-67 

-23-03 

In. 

-  5-30 

-  5-85 

-  6-45 

-  7-80 

-  8-20 

-  4-67 

-  7-80 

-  8-20 

-  4-G7 

-  6-10 

-  6-50 

-  3-90 
+  076 

-  2-86 

-  2-94 

-  2-60 

-  1-50 

-  8-75 

-  6-60 

-  6-90 

-  7-76 

-  6-07 

-  7-90 
-12-67 
- 10-10 
-10-65 

-  6-30 
-15-05 
-lfi'20 
-16-75 
-17-60 
-16-45 

-  16-90 
-15-97 
-14-60 
-11-48 


Jan. 
Feb. 
Mar. 

Apr. 
May 
Jun. 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Deo. 


Year 


In. 

2-26 
4-28 
6-10 

13-64 
2-70 
6-81 
0-43 
2-90 
8-43 
1-63 
6-99 

12-61 


61-48 


No. 

8 
12 
14 
20 
13 
12 

4 

6 

9 
11 
16 
13 


In. 

0-72 
2-60 
1-39 
1-96 
0-93 
2-82 
0-28 
1-26 
1-61 
0-78 
1-36 
2-10 


There  can  be  no  dou  bt 
that  the  lake  level  is  pri- 
marily influenced  by  the 
minfalL  At  Ntebe  the 
level  rose  io  the  course 
of  1898  (which  was  a 
year  cf  abundant  rains), 
but  in  the  course  of  1899 
it  fell  slightly  below  the 
level  of  1896,  and  in  1909 
it  fell  a  further  7-62 
iiichw".  As  that  year 
(1900)  was  oDe  of  fairly 
abundant  rains  along  the 
Buganda  shore  (61  inches 
fell  at  Ntebe)  we  are 
bound  to  astsume  that  it 
is  not  local  rains  which 
appreciably  aflfect  the 
level  of  the  lake,  but  the 
precipitation  throughout 
its  vast  drainage  area. 
Thus  an  abundant  rain- 
fall along  the  Buganda 
shore  would  be  neutral- 
iwed  by  a  deficiency  in 
the  rainfall  in  the  south. 
Siuco  the  beginning  of 
the  present  year  (1901) 

the  lake  has  risen  rapidly,  and  by  June  1  Its  level  stood  24  inches  above  the  mean  level  of  1896.    The  relations  between 
local  rainfall  and  lake  level  are  illustrated  by  the  following  facts  :— 

At  Ntebe,  between  March  20-24, 1900,  3-7  inches  of  rain  fell,  and  in  the  course  of  April  13-54  inches,  yet  the  level  of  the 
lake  remained  unaffected,  the  heavy  local  rains  being  balanced  by  the  outflow  and  the  loss  by  evaporation,  or  deficiency 
of  rain  elsewliere.  Yet  In  the  course  of  May  the  lake  rose  slowly,  but  steadily,  although  very  little  rain  was  registere<l 
locally.  Again,  between  December  3-5  4*21  Inches  of  rain  fell,  while  the  lake  only  rose  half  an  inch.  More  remarkable  still, 
on  September  12  1-25  Inches  of  rain  fell,  yet  the  lake  level  actually  fell  half  an  inch.  The  other  stations  afford  similar  instances. 
The  wiTtds  exercise  a  decidetl  influence  upon  the  level  of  the  lake.  There  are  regular  land  and  lake  breezes,  and 
Mr.  Macallister  remarks  that  a  strong  S.W.  breeze  will  cause  a  rise  in  the  level  of  the  lake  to  an  extent  of  from 
1  to  3  inches.  At  Fort  Thruston,  on  November  13,  a  severe  storm  caused  the  lake  to  rise  3  inches.  The  influence  of  the 
wind  could  be  diminated  by  making  at  least  three  observations  daily,  and  which  would  be  preferable,  by  establishing  a 
self-registering  gauge.     Further  fluctuations  of  the  lake  may  be  prtxluced  by  dilTereneea  of  barometric  pressure. 

The  difference  between  the  highest  and  lowest  level  at  Ntebe  amounted  to  19*0  inches  in  1896, 16-5  inches  in  1899,  and 
17-60  inches  in  1900.  The  extreme  range,  as  far  as  our  observations  extend,  has  been  43-6  inches ;  but  if  the  level.  In  1881, 
exceeded  that  of  1898  to  the  extent  of  8  feet,  as  asserted  by  the  French  missionaries  in  Buganda,  its  amount-  cannot  be  less 
than  10  feet. 

AU  observations  made  at  Ntebe  and  Fort  Thruston  (Lubwa's)  are  referred  to  the  mean  lake  level  at  those  stations  In 
1896.  On  October  1898  Mr.  C.  W.  Fowler,  Superintendent  of  Marine, chiims  to  have  adjusted  ail  gauges  to  Port  Victoria  (where 
observationa  ceased  to  be  made  at  the  end  of  July  1899).  I  fail  to  see  how  this  can  have  been  done  unless  the  three  stations 
were  joined  by  a  line  of  spirit  levelling.  On  comparing  the  observations  made  between  October  1898  and  February  1899, 
as  recorded,  I  find  that,  assuming  the  level  at  Port  Victoria  to  be  —0*00,  the  level  at  Ntebe  exceeded  that  datum  level  to 
the  extent  of  l-«8  inches,  whilst  that  at  Fort  Thruston  feU  short  of  it  to  the  extent  of  1-89  inches.  Such  differences  in  the 
l*»vcl  may  exist,  though  I  fail  to  see  how  they  can  have  been  ascertained.  Prom  all  observations  recorded  since  October  1898, 
36-53  inches  have  been  deducted  in  order  to  reduce  them  approximately  to  the  mean  lake  level  of  1896.  In  the  case  of  Kisumu, 
however,  only  80*3  inches  have  been  deducted. 
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Victoria  Nyanza  Lake  Zevelt  and  HaiirfaH,  in  Decades — oont. 


In  order  to  elucidate  the  interesting  problems  connected  with  the  physical  geography  of  the  Victoria  Nyauzo,  it 
would  be  nec^sary  to  instal  rain-gauges  throughout  its  drainage  basin,  and  to  establish  at  least  four  gauges  for 
measuring  the  level  of  the  lake,  and  to  connect  these  gauges  by  lines  of  spirit  level ;  a  consimunation  most  devoutly 
to  be  wished,  though  Dot  likely  to  be  realised  for  a  considerable  time  to  come.  The  observations  should,  as  a  matter 
of  course,  embrace  all  atmospheric  phenomena,  and  more  especially  atmospheric  pressure. 


Victoria  Nyanza. — Lake  Levels  and  Bain/all,  MoiUhly  Means, 


Month 


January 
February 
March  . 
April  . 
May  . 
June  . 
July  . 
August 
September 
October 
November 
December 


Ntebe  (P.  Alice) 


Mean 
Level 


Extremes 


In. 
+  2-76 
+  8-20 
+  2-64 
+  2-60 
+  4-14 
+  4-65 
+  8-83 

-  CH)2 

-  4-94 

-  7-09 

-  8-98 

-  8-«l 


Highest 

In. 

+ 

8-97 

+ 

6-47 

+ 

3-97 

+ 

6-47 

+ 

6-47 

+ 

6-97 

+ 

6-97 

+ 

2-97 

803 

_ 

6*03 

_ 

8-03 

— 

7-03 

Lowest 


In. 
+  2-47 
+  1-47 
+  0*72 
+  (^97 
+  2-97 
+  3-47 
+  1-47 

-  3-03 

-  8-03 

-  8-03 
-1(K)3 

-  9-63 


Fort  Thruston  (Lubwa's) 


In. 

-  1-04 

-  2-42 

-  2-95 

-  3-30 
+  O-IO 
+  0-78 

-  2*92 
-11-16 
-16-48 
-21-43 


I       Extremes 


Port  Victoria  (January  to  July  1899), 

Eisumu,  on  Kavirondo  or  Ngowe  Bay 

(September  1899  to  December  1900) 


Rain 


I  Highest.  Lowest '  Amt. 


;  High-I 
Days  I    est    ' 
I  Fall 


In. 
+  0-97 

-  0-63 

-  1-63 
+  0-47 
+  4-72 
+  3-47 

-  1-63 

-  3-03 
-16-63 
-19-63 


In. 

In. 

1-83 

+  0-73 

8-68 

-  0  63 

4-03 

-  1-79 

4-03 

+  1-66 

3-03 

+  2  21 

.  2-53 

+  s-so 

6-63 

-  8-96 

14-68 

— 

19-68 

-  8-12 

2363 

-  7-20 

— 

-  8-43 

~~ 

-  6-17 

In. 

+  2-47 

+  0-97 

+  0-97 

I  +  1-47 

+  6-47 

+  6-47 

I  +  0-47 

!  +  3-20 

I  -  4-30 

-  4-30 

+  2-20 


In. 

-  1-03 

-  2-63 

-  3-68 

-  6"08 

-  2-63 

-  0-63 

-  8-63 

-  730 
-10-30 
-11-30 
-11-80 


In, 


1-03 
8-38 
4-86 
2-66 
0-10 

2-68 
2-91 
4*64 
6-04 


No. 

3 

9 

8 

18 

19 

10 

4 

18 
12 
11 
14 


In. 


0-29 
0  98 
lt« 
088 

0j4     i 

0-76 
1-60  I 
1-13  I 
1-83 


1900 
January 
February 
March  . 
April    . 
May     . 
June    . 
July     . 
August 
September 
October 
November 
December 


1899.— At  Stebe  the  lake  attained  its  highest  level  on  June  8.  It  stood  lowest  from  November  26-28.  Tlie 
difference  between  the  highest  and  lowest  levels  amounted  to  16  inches. 

1900.— At  Ntebe  the  lake  reached  its  highest  level  on  July  21  and  maintained  it  up  to  July  28.  It  stood  at  \U 
lowest  from  November  21  to  December  2.  The  difference  between  the  highest  and  lowest  levels  amounted  to 
17*6  inches.  During  the  whole  of  April  the  lake  steadily  maintained  its  level  of  6-63  inches  below  the  level 
of  1896. 

At  Fort  Thruston  the  lake  level  was  lowest  on  November  12,  and  highest  on  Jime  22,  the  difference  amounting 
to  14  inches.  At  KUumu  it  was  lowest  on  I^ovember  3,  highest  on  May  10,  the  range  haviug  been  27  inches,  an 
Amount  accounted  for  by  the  position  of  the  gauge  in  shallow  water  at  the  bottom  of  a  bay  and  high  winds. 

1901.— At  Ntebe  the  lake  on  June  1  stood  23-43  inches  above  the  level  of  1896  ;  at  KUumu  on  May  7  it  stood  only 
15-16  inches  above  that  level,  as  assumed  by  us ;  and  on  June  28  14*0  inches. 

The  bench  mark  cut  on  the  Camp  Tree  at  the  head  of  Port  Florence  in  1898  by  Ck)mmander  B.  Whltchousc,  II.X., 
is  19  feet  11  inches  above  the  zero  on  the  Lake  Gauge. 
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Diagram  illustrating  the  Fluctuations  in  the  Level  of  the  Victoria  Nyanza, 
at  Ktebe,  in  I896-19i>l,  compared  with  the  RaiufoU. 


Diagram  illustrating  the  Fluctuations  in  the  Level  of  the  Victoria  Xjanza, 
at  Ntebe,  in  1900,  compared  with  the  RainfalL 


1890 
1891 
189S 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 


Anmcal  Rainfall  in  British  Africa,  in  Inches, 

Nyasaland 


British  East  Africa  :  Coast 


III 

I  i 


29-0 


1S'7\ 

19-6 
19-9^ 
10-91 
12-4 
12-9 


420 
SO-l 
60-8  44-5 
S8-9  211 
34-9   — 


—    84-7 
466. 


58-6 
58-0 
14-4 
33-4 
87-0 


4l'S\ 
32-8 
12-4 
220, 


32-1 
40-7 
38-0 
S6'7 


British  East  Af- 
rioa :  Inland 


26-4  — 
642  66-3  - 
38-0'  42-0  26 
34-3  38-S  88' 
47-8,  es-2  56-6  21- 
54-4  62-6  56-7  21' 


24-0 
331 
581 


26-0  27'3 
85-2  62-5    — 
ei'7  69-8   — 

i         I 


42-0 

7  259 

•5  31-7 

24-3 

21-8 

58-3 


53-0 
48-1 
€5-0 
29-5  58*8 
36-3  93-5 
36-2  69-10 

—    60-0 


60K) 
47-5 
39*6 1 


89-8 
90-1 
95-4 
106i) 
95-4 
64-8 
98-7 
88-7 
60i> 


I 


104-4 
131-7 
1081 

79-0 
158-9  \ 
128-1 

93-6 


>  At  Prere  Town  (opposite  Mombasa)  41-9  in.  feU  in  1876  ;  91*1  in. 
in  1877  ;  51-8  in.  in  1878  ;  456  in.  1879  ;  and 44-7  in.  in  1880. 
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Erratum  in  Report  for  1897. 
P.  9,  seoond  column,  line  7  from  bottom  :  intteiid  of  8*4  in.  read  9*4  in. 

j?rm/a  in  Report  for  1900. 
P.  2,  second  column,  line  18  :  iTutead  of  29*756  rend  29-839. 
P.  6,  first  column,  line  16  :  instead  of  1898  read  ISaa. 
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The  Survey  of  British  Protectorates, — Report  of  the  Committee,  co',i^ 
sisting  of  Sir  T.  H.  HoLDiCH  {Chairman),  Col.  G.  E.  Church, 
Mr.  E.  6.  Ravenstein,  and  Mr.  H.  N.  Dickson  (Secretary), 
appointed  to  draw  tip  a  Scheme  for  the  Survey  of  British 
Protectorates. 

Your  Committee  are  of  opinion  that  a  representation  should  be  submitted 
to  His  Majesty's  Government  in  support  of  an  organised  scheme  for  sur- 
veying British  Protectorates  in  Africa,  and  that  it  would  be  advantageous 
to  secure  the  co-operation  of  the  Royal  Geographical  Society,  and  of  other 
bodies  unconnected  with  Government  who  may  be  specially  interested  in 
the  matter,  in  bringing  forward  their  proposals.  At  present,  various  sur- 
veys have  been  commenced  in  different  parts  of  Africa  under  local 
administrations,  which  are  unconnected  with  each  other  and  have  appa- 
rently no  common  basis  of  technical  system  or  scale,  from  which  it  will  be 
difficult  eventually  to  compile  a  satisfactory  and  homogeneous  fii'st  map 
of  our  African  possessions.  A  large  amount  of  geographical  work, 
carried  on  more  or  less  under  the  auspices  of  the  Royal  Geographical 
Society,  is  gradually  accumulating,  all  of  which  might  be  usefully  turned 
to  account  in  a  general  survey  scheme,  if  uniformity  of  method  and  scale 
were  adopted.  A  comprehensive  scheme  of  geographical  survey  (apart 
from  special  surveys  for  local  requirements),  to  be  carried  out  jointly  with 
other  nationalities  in  the  continent  of  Africa,  will  undoubtedly  prove  a 
necessity  in  the  near  future  for  purposes  of  boundary  demarcation  and 
administration  ;  but  such  a  scheme  must  emanate  from  those  responsible 
advisers  of  Government  who  are  best  acquainted  with  the  opportunities 
for  combined  action  and  the  means  for  carrying  it  out. 

But,  pending  the  adoption  of  such  a  scheme,  and  with  due  apprecia- 
tion of  the  value  of  the  disjointed  efforts  which  are  now  being  made  to 
secure  partial  surveys  for  administrative  purposes  in  various  parts  of  the 
country,  your  Committee  are  of  opinion  that  the  following  considerations, 
none  of  which  involve  immediate  financial  outlay,  should  be  especially 
brought  to  the  notice  of  His  Majesty's  Government ;  inasmuch  as 
immediate  attention  to  them  would  undoubtedly  tend  to  hasten  the 
4ittainment  of  the  end  primarily  in  view — viz.,  the  construction  of  a 
homogeneous  and  consistent  geographical  map  of  that  part  of  Africa 
which  affects  Imperial  interests. 

(!)•  The  advantage  of  a  common  scale  should  be  impressed  on  local 
administrations  who  have  already  commenced  surveys  within  the  pro- 
tectorates under  their  administration,  and  every  effort  should  be  made  in 
the  first  instance  to  secure  a  general  map  on  the  smallest  geographical 
scale  which  can  be  made  practically  useful  for  purposes  of  either  adminis- 
tration or  strategy.  This  scale  should  not  be  less  than  one  in 
five  hundred  thousand. 

(2)  Inasmuch  as  all  future  surveys,  on  whatsoever  scale,  must  ulti- 
mately depend  on  the  accuracy  of  the  initial  base  measurements  if  they 
are  to  fit  together  into  one  homogeneous  map,  it  is  most  desirable  to  draw 
the  attention  of  local  administrators  to  this  point ;  and,  wherever  local 
surveys  have  already  been  commenced,  to  test  the  accuracy  of  their  linear 
measurements  by  the  adoption  of  a  geodetic  base.  Such  a  base  need  not 
be  measured  by  the  cumbersome  processes  which  have  made  the  measure- 
ment of  geodetic  bases  so  laborious  and  expensive  in  the  past.     New 
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methods  and  improved  means  have  lately  been  introduced  which  greatly 
simplify  the  work,  but  there  is  no  method  which  does  not  require  scientific 
direction.  It  would  therefore  be  advisable  that  the  same  instruments, 
under  the  same  personal  supervision,  should  be  used  in  every  case.  Unity 
of  scale  and  of  linear  measurement  is  absolutely  essential  to  final  com- 
pilation in  such  vast  areas  as  Africa  presents,  and  much  good  work  now 
in  progress  may  be  rendered  valueless  for  general  map-making  purposes 
if  such  unity  is  not  secured  ah  initio, 

(3)  It  is  the  earnest  desire  of  the  Royal  Geographical  Society  that 
those  travellers  and  explorers  who  use  their  instruments  and  accept  their 
assistance  financially  should  add  to  the  practical  outcome  of  mapping 
material  in  Africa.  For  this  purpose  the  Society  has  established  training 
classes  in  practical  geography,  and  keeps  a  record  of  the  names  of  those 
who  are  qualified  to  work  as  geographical  surveyors.  But  in  order  to- 
utilise  their  work  to  the  fullest  extent  it  is  essential  that  the  geographical 
data  determined  by  such  professional  surveyors  as  from  time  to  time  are 
sent  to  Africa  under  the  direction  of  the  Intelligence  Department  should 
become  generally  available ;  and  it  is  therefore  most  desirable  that  all 
such  material  (indispensable  for  the  proper  location  of  field  surveys  and 
for  check  on  final  positions)  as  may  be  collated  at  the  Intelligence  Office 
may  be  placed  at  the  disposal  of  the  Royal  Geographical  Society. 
Attention  should  very  specially  be  drawn  to  the  great  amount  of  geo- 
graphical mapping  (at  present  disconnected  and  wanting  in  topographical 
detail)  which  is  annually  turned  out  by  irresponsible  travellers.  The  value 
of  this  might  be  largely  increased  if  it  were  based  on  exact  data. 

(4)  One  of  the  most  important  factors  in  dealing  with  the  vast  area, 
of  our  African  possessions  in  the  matter  of  geographical  (or  first)  surveys 
is  the  absolute  necessity  of  resorting  to  native  agency  for  its  topography. 
Efiective  topography  can  never  be  secured  without  the  assistance  of 
surveyors  and  draughtsmen  specially  trained  to  this  particular  branch  of 
map-making.  European  agency  (except  for  purposes  of  supervision)  is 
out  of  the  question  on  account  of  the  expense.  Indian  native  agency  is* 
equally  impossible  for  more  than  comparatively  restricted  areas.  The 
vast  mass  of  African  mapping  must  be  secured  through  the  agency  of 
natives  of  Africa,  just  as  Asia  has  largely  been  mapped  by  Asiatics. 

There  is  apparently  no  reason  why  natives  of  Africa,  trained  in  mission 
and  other  schools,  should  not  be  as  effective  in  the  field  of  survey  as 
Africans  generally  have  proved  in  the  field  of  arms. 

It  is  suggested  that  in  the  earlier  stages  of  the  formation  of  such  an 
agency  scientific  societies  might  be  willing  to  take  the  initiative.  It  is 
to  the  interest  of  the  Royal  Geographical  Society,  for  instance,  to  secure 
the  assistance  of  native  topographers  for  explorers.  What  is  immediately 
wanted  is  the  initiation  of  a  training  school  ;  and  it  seems  probable  that, 
if  one  or  two  promising  pupils  were  selected  from  each  protectorate  for 
training,  an  invaluable  school  would  in  a  few  years  be  established,  which 
would  rapidly  extend  of  itself.  The  Commissioners  and  Administrators 
of  our  African  Protectorates  might  be  requested  to  assist  in  the  experi- 
ment by  ascertaining  whether  volunteers  from  the  native  schools  can  be 
found  for  the  purpose.  Every  assistance  to  such  a  scheme  may  be 
confidently  anticipated  from  the  Indian  Government,  who  have  long  had 
practical  experience  of  the  enoimous  advantages  of  native  labour  in  the 
field  of  surveying. 
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Te^-resii'ial  Surface  Waves, — First  Report  of  tlie  Committee,  consisting 
o/Dr.  J.  Scott  Keltie  (Chairman) ,  Lieut.-Col.  Bailey,  Za^  B.^., 
Dr.  Vaughan  Cornish,  Mr.  A.  Roope  Hunt,  F,0.S.,  Mr.  W.  H. 
Wheeler,  MJnsLO.E.,  and  Mr.  E.  A.  Floyer.  {Bravm  up  hy 
Dr.  Vaughan  Cornish.) 

The  following  papers  have  been  published  by  Dr.  Vaughan  Cornish  since 
the  Bradford  Meeting,  viz. — On  the  Formation  of  Wave  Surfaces  in 
Sand,  'Scottish  GeographicalJoumal,' January  1901  ;  On  Sand-waves  in 
Tidal  Currents,  'Geographical  Journal,'  August  1901. 

On  December  4, 1900,  Dr.  Cornish  left  for  Canada  to  study  the  surface 
forms  of  snow,  returning  to  England  March  16.  During  the  voyage  out, 
Liverpool  to  Boston,  much  heavy  weather  was  encountered,  and  observa- 
tions, with  some  measurements  and  photographs,  were  obtained  of  deep- 
sea  storm-waves.  On  the  return  voyage,  New  York  to  Southampton, 
some  good  observations  were  obtained  of  the  conditions  obtaining  in  a 
heavy  swell.  A  paper  on  ocean  waves,  embodying  results  obtained  by 
Dr.  Cornish  during  several  years,  is  in  preparation. 

Canada  was  snow-covered  during  the  whole  of  the  expedition.  The 
country  was  traversed  from  Montreal  to  Vancouver  and  back  by  the 
Canadian  Pacific  Railway.  Special  facilities  were  most  kindly  accorded 
by  this  railway  company  in  the  interest  of  pure  science.  The  principal 
places  of  observation  were  Montreal,  Winnipeg  (Manitoba),  and  Glacier 
House  (British  Columbia),  which  afforded  good  opportunities  for  the  study 
of  the  three  principal  kinds  of  snow  surface  which  were  encountered. 
The  observations  appear  to  divide  themselves  naturally  under  two  heads  : 
(1)  snow- waves  and  ripples  ;  (2)  snow-drifts  and  snow-caps ;  and  the 
results  of  the  expedition  are  now  being  worked  up  under  these  heads. 

The  most  striking  point  with  reference  to  the  trains  of  moving  waves 
of  cold,  dry,  drifting  snow  is  that  the  place  most  favourable  to  their 
formation  is  an  extensive  level  surface  free  from  inequalities  or  obstruc- 
tions, such  as  a  frozen  lake.  Here  most  readily  occur  those  local  sur- 
charges of  snow  which  originate  the  long  trains  of  waves.  At  first  these 
travel  freely,  but  their  march  and  growth  do  not  continue  so  long  as  is 
the  case  ^vith  the  homologous  waves  of  sand,  because  the  snow  readily 
sets  into  a  coherent,  though  friable,  mass.  The  height  of  these  waves  was 
generally  not  more  than  six  inches.  They  are  flatter  than  the  homologous 
seolian  sand-waves,  the  wave-lengths  being  often  forty  or  fifty  times  as 
great  as  the  amplitude. 

Bipples,  perfectly  homologous  with  the  aeolian  sand-ripples,  are  pro- 
due^  in  the  granular  snow-stuff  formed  by  erosion  of  consolidated  snow. 
Their  wave-lengths  are  similar  to  those  of  the  sand-ripples,  but  their 
Amplitude  is  less.  There  are  also  regularly  undulating  surfaces  carved  by 
the  wind  in  more  coherent  snow,  particularly  when  it  is  well  stratified. 
The  ridges  retreat  before  the  wind,  keeping  their  steeper  slope  on  the 
weather  side.  The  material  has  an  internal  arrangement  not  imposed  by 
the  wave  motion,  and,  so  long  as  it  is  a  part  of  the  waved  structure,  is  itself 
stationary.  It  is  therefore  fitting  that  these  surfaces,  which  are  frequent 
and  regular,  should  have  a  distinguishing  name,  and  it  is  proposed  to  call 
them  undulates.  The  ratio  of  height  to  length  in  the  undulates  is  greater' 
than  in  the  normal  waves  and  normal  ripples. 
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The  most  interesting  drifts  were  those  on  the  prairies,  where  the  cold 
is  great  and  the  snow  is  dry.  The  normal  snow-drift  round  a  house  on 
the  open  prairie  in  Manitoba  consists  mainly  of  a  snow-bank  in  the  form 
of  a  U)  the  house  being  situated  in  the  bend,  near  the  bottom  of  the  letter, 
with  a  few  yards  nearly  free  from  snow  between  it  and  the  snow-bank. 
Between  the  two  limbs  of  the  U,  which  are  much  longer,  reaching  further 
to  leeward,  than  the  shape  of  the  printing  type  permits  to  be  here  indi- 
cated, the  ground  is  kept  almost  clear  of  snow  by  the  operation  of  the 
wind  as  modified  by  the  presence  of  the  building,  and  this  clearance  is 
sometimes  noticeable  beyond  the  distance  to  which  the  two  arms  of  the 
drift  extend  as  a  noticeable  snow-bank.  Close  to  the  house,  centrally 
situated  on  the  lee  side,  is  a  relatively  small  accumulation  of  snow,  which 
is,  however,  conspicuous  from  its  form  and  position.  Beyond  the  limbs 
of  the  U-shaped  snow  bank  to  right  and  left  the  depth  of  the  snow  on 
the  prairie  is  not  notably  affected  by  the  neighbourhood  of  the  building. 
The  height  of  the  U-shaped  snow-bank  is  commonly  four  to  six  feet  when 
there  are  three  or  four  inches  of  snow  on  the  open  prairie. 

In  the  calm  upper  valleys  of  the  Selkirk  Mountains,  where  the  snow- 
fall is  very  heavy,  the  flakes  usually  large,  and  the  temperature  during 
precipitation  usually  near  the  melting  point,  the  notable  forms  in  which 
the  material  accumulates  are  not  those  of  drift  but  deposition,  not  snow- 
banks but  snow-caps.  On  tree  stumps  these  frequently  take  the  form  of 
gigantic  mushrooms,  nine  to  twelve  feet  wide  and  four  to  four  and  a  half 
feet  thick,  which  project  from  three  to  four  feet  all  round  beyond  their 
supporting  pedestal.  These  strange  growths  are  not  unstable,  as  are  the 
small  globular  masses  of  snow  upon  a  slender  support,  but,  on  the  con- 
trary, possess  a  remarkable  degree  of  permanence.  The  depth  of  snow  in 
them  is  sufficient  to  express  most  of  the  air,  and  to  weld  the  lower  parts 
into  a  tenacious  mass. 

Much  attention  was  given  to  overcoming  the  difficulties  of  the  real 
photography  of  snow,  i.e.,  the  rendering  of  the  detail  of  the  snow  surface, 
instead  of  photographing  objects  silhouetted  against  snow,  as  is  done  in 
the  ordinary  '  snow-scene '  photograph.  After  some  initial  failures  suc- 
cess was  achieved,  and  a  large  collection  of  good  quarter-  and  half-plate 
negatives  has  been  brought  back  which  is  of  very  considerable  scientific 
value. 

The  whole  of  the  grant  has  been  expended,  and  the  Committee  apply 
for  a  grant  towards  the  expenses  of  continuing  the  investigations. 


Wo)nen^8  Labour, — First  Report  of  the  Committee,  consisting  of  Mr. 
E.  W.  Brabrook  {Chairman)^  Mr.  A.  L.  BowLEY  (Secretary),  Miss 
A.  M.  Anderson,  Mr.  C.  Booth,  Professor  S.  J.  Chapman,  Miss 
C.  E.  Collet,  Professor  F.  Y.  Edgeworth,  Professor  A.  W.  Flux, 
Mrs.  J.  R.  MacDonald,  Mr.  L.  L.  Price,  Professor  W.  Smart, 
cmd  Mrs.  H.  J.  Tennant,  appointed  to  investigate  the  Economic 
Effect  of  Legislation  regulating  WomemJs  Labour. 

The  Committee,  as  appointed  at  the  Bradford  meeting,  sought  the 
assistance  of  Mrs.  H.  J.  Tennant,  late  H.  M.  Principal  Lady  Inspector  of 
Factories,  Miss  A.  M.  Anderson,  her  successor  in  office.  Miss  C.  E.  Collet, 
of  the  Board  of  Trade,  and  Mr.  Charles  Booth,  to  all  of  whom  the 
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members  of  that  Committee  return  their  thanks  for  accepting  the  invita- 
tion to  join  them. 

The  Committee,  as  thus  enlarged,  resolved  that  it  would  adopt  the 
classification  of  industries  made  by  the  Labour  Commission,  and  would 
request  some  of  its  own  members  and  some  otiier  competent  observers 
to  enter  upon  a  local  investigation  of  the  question,  as  far  as  practicable, 
in  every  locality  in  which  such  industries  were  pursued  by  women. 

It  proceeded  to  prepare,  for  the  use  of  the  members  and  others  thus 
commissioned  by  it,  the  following  scheme  of  investigation  : — 

Sclieme  of  Investigation /or  Commissioners. 

Commissioners  should  be  supplied  with — 

(1)  Abstracts  of  legislation. 

(2)  Information  already  obtained  by  parliamentary  or  other  inquiries. 
Commissioners  should  then  visit  the  industry  and  make  themselves 

acquainted  with  the  nature  of  the  work,  and  especially  with  any  changes 
which  have  taken  place  since  the  legislation  for  women  began. 

Commissioners  should  observe  the  following  points  in  their  investiga- 
tions : — 

I.  The  effects  of  the  legislation  generally. 

(1)  Has  it  necessitated  or  induced  any  alteration  of  custom,  or  merely 
enforced  what  was  customary  before,  in  the  case  of  the  women  themselves, 
in  the  industry  in  question,  or  in  others  related  thereto  ? 

(2)  Has  it  necessitated  any  alteration  in  the  case  of  other  workers 
(men,  young  persons,  or  children)  in  the  industry  in  question,  or  in  other 
industries  related  thereto  ? 

II.  The  effects  of  the  legislation  specially  on  the  position  of  women, 
whether  (a)  prejudicially  : — 

(1)  Has  it  lowered  the  wages  of  women  relatively,  either  temporarily 
or  permanently  ? 

(2)  Has  it  caused  any  displiwjement  of  women  ? 

(3)  Has  it  initiated  any  important  changes  in  the  use  of  machinery 
or  the  division  of  labour  ? 

Or  (6)  beneficially  : — 

(1)  Has  it  increased  the  efficiency  of  the  women  themselves  as  indus- 
trial agents ;  and  is  this  efficiency  due  to  all,  or  only  to  some,  of  the  legal 
restrictions  ? 

(2)  Has  it  increased  their  economic  efficiency  as  members  of  society 
{e,g.y  with  relation  to  home  life,  the  health  of  the  children,  the  morality 
of  the  race),  and  are  these  effects  due  to  all,  or  only  to  some,  of  the 
restrictions  ? 

(N.B. — The  legislation  may  affect  the  demand  for  women's  labour 
(1)  directly,  in  the  industry  in  question  by  adding  to  difficulties  of 
management,  or  by  diminishing  the  output  of  the  women  themselves,  or 
of  others  engaged  in  the  work ;  (2)  indirectly,  by  effects  on  other 
industries  related  to  the  industry  in  question ;  or  it  may  increase  the 
supply  of  women  and  their  substitution  for  men  by  rendering  the  work 
healthier  or  easier.) 
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Commissioners  should  endeavour  to  discriminate  between  changes 
affecting  the  employment  of  women  which  are  due  to  the  legislation  and 
those  which  result  from  other  causes. 

The  Ck)mmittee  awaits  the  reports  of  the  several  Commissioners,  and 
would  be  glad  to  receive  offers  of  assistance  from  any  other  persons  who 
are  able  to  procure  and  furnish  the  information  sought  with  respect  to  any 
particular  field  in  which  women's  labour  has  been  regulated  by  legislation. 

The  Committee  begs  to  thank  the  Secretary  of  State  for  the  Homo 
Department  for  having  given  permission  to  the  Inspectors  of  Factories  to 
furnish  the  information  required  with  respect  to  their  several  districts. 

The  Committee  received  an  offer  of  information  from  the  Freedom  of 
Labour  Defence,  of  which  it  would  be  glad  to  avail  itself. 

As  the  reference  to  the  Committee  is  general  in  its  terms,  and  includes 
the  economic  effect  of  legislation  in  every  country  regulating  women's 
labour,  the  Committee  addressed  the  following  circular  to  the  heads  of 
the  statistical  bureaux  of  various  countries  and  to  other  persons  of 
authority,  not  only  in  Europe,  but  also  in  the  United  States  and  the 
British  Colonies. 

Circular  to  Foreign  and  Colonial  Authorities, 

*  The  above-named  Committee,  having  been  appointed  by  the  British 
Association  to  enquire  into  the  economic  effect  of  legislation  regulating 
Women's  Labour,  are  desirous  of  obtaining  information  relating  to  that 
subject  in  industrial  centres  outside  of  the  United  Kingdom,  and  have 
directed  us  to  ask  the  favour  of  your  assistance. 

*  They  will  be  greatly  obliged  to  you  for  any  information  you  are  able 
to  furnish  them  in  answer  to  the  subjoined  questions  with  regard  to  your 
own  country. 

*  1.  Did  any  enquiry  precede  the  enactment  of  the  statutes  regulating 
women's  labour  ?  Kindly  give  full  reference  to  any  i-ecord  of  such 
enquiry. 

*■  2.  Has  any  enquiry  been  made  into  the  results  of  such  legislation 
since  its  enactment  1     Kindly  give  reference  to  records. 

'  3.  What  are  the  parv^icular  industries  in  which  women's  labour  is 
regulated  ?  And  what  proportion  do  women  and  girls  employed  in  such 
industries  bear  to  the  whole  industrial  female  population  of  the  country  7 

*  4.  Are  any  statistics  available  with  regard  to  the  industries  affected 
by  such  legislation  of — 

(a)  The  number  of  women  employed \  (A)  At  or  shortly  before  the  date 

(6)  The  wages  paid  to  them  of  the  enactment  ? 

(c)  The  number  of  men  employed       1(B)  At   or   shortly   before    the 

\d)  The  wages  paid  to  them  present  time  ? 

(e)  Other  economic  data  j  (C)  At  any  intermediate  period  ? 

Kindly  give  full  references  to  records. 

*  5.  Can  you  favour  the  Committee  with  any  observations  of  your  own 
on  the  matter  ? ' 

The  Committee  has  received  from  its  foreign  correspondents  a  great 
quantity  of  valuable  information,  for  which  it  has  returned  its  thanks. 

The  Committee  has  thus  taken  the  necessary  preliminary  steps  towards 
the  investigation  of  the  subject  referred  to  it.     The  subject  is  a  large  one, 
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and  the  investigation  will  no  doubt  occupy  some  time.  The  results  of  the 
census  recently  made  in  the  United  Kingdom  will  have  a  direct  bearing 
upon  it.  The  Committee  does  not  think  it  would  be  advantageous  to 
publish  in  the  present  preliminary  report  any  of  the  particulars  as  yet 
obtained,  either  with  relation  to  the  United  Kingdom  or  to  foreign 
countries. 

The   Committee  therefore  asks  to  be  reapppointed  in  order  that  it 
may  pursue  the  investigation. 


The  Resistance  of  Road  Vehicles  to  Traoiwn, — Report  of  the  Committee^ 
coTisisiing  of  Sir  Alexander  Binnie  (Chairman),  Professor  Hele- 
Shaw  {Sea-etary),  Mr.  Aitken,  Mr.  T.  C.  Aveling,  Mr.  J.  Brown, 
Professr  Hudson  Beare,  Mr.  W.  W.  Beaumont,  Colonel 
Crompton,  Mr.  A.  Mallock,  Sir  David  Salomons,  Mr.  A.  R. 
Sennett,  Mr.  E.  Shrapnell  Smith,  Mr.  J.  I.  Thornycroft. 
{Brawn  up  by  the  Secretary.) 

At  the  first  meeting  of  the  Committee  it  was  decided — 

1.  That  an  experimental  car  and  dynamometer  were  necessary  for 
performing  the  experiments  on  road  traction. 

2.  That  members  of  the  Committee  should  be  invited  to  state  their 
views  in  writing  concerning  the  mode  in  which  the  experiments  should 
be  carried  out. 

3.  That  ultimately,  with  a  view  of  obtaining  results  on  different 
types  of  roads,  trials  should  be  conducted  at  three  centres  where  facilities 
could  be  obtained — namely,  Aldershot,  Cupar  in  Fifeshire,  and  Liver- 
pool. 

4.  That  a  summary  of  all  work  hitherto  done  in  the  investigation  of 
road  resistance  should  be  prepared  by  the  Secretary. 

At  the  same  meeting  Mr.  J.  Brown,  of  Belfast,  offered  to  alter  the 
viagraph,  which  is  the  self-recording  instrument  of  his  own  invention,  in 
order  to  make  it  specially  suitable  for  carrying  out  the  experiments,  and 
to  place  it  at  the  disposal  of  the  Committee.  Other  members  of  the  Com- 
mittee, amongst  them  Mr.  Aitken  and  Colonel  Crompton,  undertook  to 
carry  out  experiments  with  the  special  ^ilities  at  their  command. 

At  a  subsequent  meeting  the  suggestions  contributed  by  various 
members  of  the  Committee  were  fully  discussed,  and  it  was  decided  that 
in  order  to  undertake  experimental  researches  in  a  thorough  and  complete 
manner  it  would  be  necessary  to  raise  a  sum  of  about  1,000/.  The 
Committee  felt  that,  in  view  of  the  great  development  of  mechanical 
traction  upon  roads,  the  scope  of  the  report  should  not  merely  be  limited 
to  experiments  on  tractive  resistance,  but  should  deal  with  the  effects  of 
vehicles  upon  road  surface  of  various  kinds,  and  should  involve  experi- 
ments, not  only  with  two  different  kinds  of  tyres,  but  with  varying  loads 
and  speeds  and  with  different  types  of  vehicles. 

An  investigation  would  be  undertaken  concerning  the  relative  effect 
upon  the  roads  of  various  forms  of  mechanical  traction  and  the  best  types 
of  road  for  this  purpose.  They  might  therefore  look  with  confidence  to 
substantial  pecuniary  support  from  makers  and  users  of  traction  engines 
and*  manufacturers  of  motor  vehicles.  The  Committee  might  also  reason- 
ably expect  sub'stJantial  pecuniary  suppoH  from  vatious  (S)urity  CbuncilB 
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BDcl  Local  Boards.  A  circular  was  drawn  up  with  this  end  in  view  ;  but 
pending  the  consent  of  the  General  Committee  an  application  for  funds  in 
the  above  directions  has  not  been  pressed. 

The  step  has  been  taken,  however,  of  appointing  Mr.  T.  C.  Aveling, 
a  member  of  the  Committee,  who  is  conversant  with  the  traction-engine 
world,  as  Hon.  Treasurer. 

Meanwhile,  an  offer  having  been  received  from  Sir  David  Salomons  to 
lend  to  the  Committee  for  an  indefinite  period,  to  alter  as  they  pleased,  a 
motor-car,  it  was  determined  in  accepting  this  kind  offer  to  proceed  at  once 
with  a  series  of  preliminary  experiments,  which  would  pave  the  way  for 
future  and  more  complete  investigations.  During  the  past  few  months 
work  has  been  steadily  proceeding  upon  the  motor-car,  the  cost  of  new 
engines  for  which  is  being  defrayed  by  Sir  D.  Salomons.  Although  great 
delays  have  been  experienced  with  the  engines,  it  is  hoped  that  very 
shortly  a  preliminary  series  of  the  experiments  may  be  commenced. 
These  it  is  proposed  to  make  in  the  first  place  with  single  wheels,  with 
different  kinds  of  tyres.  The  track  for  this  purpose  in  the  first  place 
would  be  artificial,  consisting  of  different  kinds  of  materials  laid  in  a 
trough  or  trench,  about  eighteen  inches  or  two  feet  in  width,  so  that  the 
dynamometer  itself  can  be  thoroughly  tested  when  the  car  is  running 
upon  a  road  of  level  surface. 

In  this  way  the  autographic  records  obtained  for  materials,  such  as 
sand  wet  and  dry,  loose  stones,  artificial  projection^  of  cross  pieces  of 
wood  of  different  sizes  and  differently  pitched,  can  be  thoroughly  imder- 
stood  and  constants  of  the  dynamometer  obtained,  so  as  to  enable  the 
actual  road  trials  to  be  made  without  unnecessary  delays. 

This  the  Committee  consider  to  be  very  important  matter,  since  the 
difficulties  involved  in  securing  permission  to  make,  and  in  actually  making,' 
trials  upon  the  roads  themselves  should  be  reduced  to  a  minimum.  The 
new  viagraph  of  Mr.  Brown  has  been  received  and  is  awaiting  these  trials.' 
It  has  been  altered  by  the  important  addition  of  a  device  for  attaching 
different  curved  surfaces,  representing  segments  of  wheels  of  different 
diameters.  The  rise  and  fall  of  this  curved  piece  is  autographically 
recorded,  and  from  experiments  which  have  already  been  made  by  Mr. 
Aitken  it  is  clear  that  the  actual  contour  of  the  road  or  surface  being 
experimented  upon  can  be  clearly  indicated  at  the  same  time  that  the 
actual  resistance  is  being  recorded  by  the  dynamometer.  The  Committee 
have  not  thought  it  advisable  in  the  present  report  to  publish  a  detailed 
description  of  the  dynamometer,  since  the  instrument  may  possibly 
undergo  considerable  modification  in  the  course  of  the  experiments. 
Further,  they  consider  that  in  view  of  the  fact  that  the  work  of  different 
experimenters  on  road  resistance  (an  abstract  of  which  has,  in  accord- 
ance with  their  instructions,  been  prepared)  consists  in  many  cases 
in  the  enunciation  of  laws  and  formulae,  it  will  be  better,  instead  of 
publishing  at  the  present  juncture  this  abstract,  to  wait  until  their  own 
experiments  can  he  compared  with  those  of  previous  workers,  particularly 
as,  for  the  first  time,  it  will  be  possible  to  make  observations  at  any 
required  speed  from  the  highest  to  the  lowest  velocities  of  practical 
interest. 

The  grant  of  money  already  given  will  not  be  sufficient  to  cover  expendi- 
ture alr^tdy  incurred  ;  therefore  they  make  application  for  a  further  sum 
of  equal  amount  (viz.,  75^.),  with  permission  to  raise  the  additional  sum 
they  reJquire,  and  for  the  r^pptointmcfnt  ctf  the  Committefe. 
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Mr.  Aitken  : — 


APPENDIX. 

Abstract  of  Suggestions. 


(a)  The  dynamometrical  Apparatus  for  recording  the  different  con- 
ditions in  the  resistance  of  road  vehicles  to  traction  would  require  to  be 
self-contained  ;  that  is,  a  separate  machine  on  wheels  or  an  apparatus 
attached  to  the  loaded  vehicle.  For  slow-travelling  traffic  all  the  different 
items  which  go  to  make  the  net  result  might,  with  the  exception  of 
vibration,  be  accommodated  on  an  apparatus  with  wheels,  placed  between 
the  prime  mover  and  the  vehicle  hauled.  For  fast- travelling  traffic  such 
an  apparatus  could  not,  he  imagines,  be  used  with  safety,  so  that  the 
appliance  would  require  to  be  fixed  to  the  motor  or  loaded  vehicle.  At  a 
high  velocity  the  viagraph  would  not  be  available,  but  records  could  be 
made  previous  to  carrying  out  the  experiments  with  the  road  vehicles. 
The  connecting  appliance  would  require  to  be  short-coupled  in  order  to 
reduce  oscillation. 

(b)  The  scheme  of  experiments  would  cover  all  descriptions  of  pavemente 
and  macadamised  roads.  In  the  experiments  the  viagraph  must  play  a 
conspicuous  part ;  and  if  the  speed,  pull,  and  vibration  could  be  auto- 
graphically  recorded  to  correspond  with  the  'viagram*  the  different 
conditions  could  be  seen  at  a  glance,  while  a  scale  of  measurements  would 
give  definite  results. 

For  experiments  at  high  speeds  a  viagraph  section  would  require  to 
be  made  first,  a  record  taken  one  way  corresponding  with  the  exact 
position  which  would  be  occupied  by  the  vehicle,  and  another  back  and 
corresponding  with  the  width  between  the  wheels  of  the  vehicle,  so  as  to 
arrive  at  a  mean  value  of  the  irregularities  of  the  road  surface.  A 
distinctive  mark  made  by  the  viagraph  in  previously  passing  along  the 
road  would  guide  the  driver  of  the  experimental  vehicle  in  following  the 
proper  course. 

The  pull,  &c.,  on  the  best  laid  asphalte  pavement  might  be  taken  as 
the  standard  to  wor]p  from,  and  which  in  all  probability  would  give  about 
5  feet  per  mile  of  unevenness. 

Each  road  surface  from  that  point  and  for  each  succeeding  5  or  10  feet 
per  mile  up  to  100  feet  of  irregularity  could  be  tested  on  level  stretches 
and  on  gradients  at  different  speeds  to  ascertain  the  pull  required  and  the 
amount  of  vibration. 

The  extent  of  the  unevenness  recorded  by  the  small  wheel  of  the 
viagraph,  and  that  of  wheels  of  varying  diameter,  could  be  ascertained 
experimentally,  from  which,  no  doubt,  some  kind  of  formula  could  be 
deduced. 

Mr.  Aveling  :-  — 

The  Sub- Committee  might  be  divided  for  the  purpose  of  making  trials 
into  — 

(a)  In  heavy  or  road  locomotive  class  ; 
(6)  In  medium  or  steam  lorry  class  ; 
(c)  In  automobile  or  light  class  ; 

so  that  the  experiences  of  each  of  the  sub-Committees  in  their  own  par- 
ticular line  should  be  more  directly  available. 
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Mr.  W.  Worby  Beaumont : — 

A.  Resistance  to  be  obtained  by  a,  say,  8-horse  power  Daimler  car 
hauling: 

(a)  A  light  two- wheeled  vehicle  with  iron  tyres  and 

1.  Running  light. 

2.  With  3  cwt.  load. 

3.  With  6  cwt.  load. 

(b)  A  light  four-wheeled  vehicle  with  iron  tyres.  Tests  same  as  above 
for  two- wheeled  trap. 

(c)  A  heavier  type  of  two- wheeled  vehicle  with  iron  tyres  and  10  cwt. 
and  1  ton  loads. 

(c;^  A  heavier  four-wheeled  vehicle,  same  load. 

B.  Hauling  vehicles  same  or  similar  to  (a),  (6),  (c),  {d),  but  with 

(a)  Solid  rubber  tyres. 

(b)  Pneumatic  tyres. 

C.  Iron- hoop  tyres  to  be  shrunk  on  vehicles  in  (a),  (6),  (c),  (c?),  of  double 
width  makers  ordinarily  put  on  same,  and  same  tests  again  made. 

D.  Trials  of  two-wheeled  vehicles  to  be  made  with  two  different  sizes 
of  wheels,  say  38  inches  and  48  inches. 

E.  Angle  of  draught  to  be  at  least  two,  say  (1)  horizontal,  f.«.,  level 
with  axle  ;  (2)  upward  inclination  of,  say,  20  degrees.  Trials  made  with 
skeleton  vehicles,  all  tests  to  be  made  (I)  on  level,  smooth  asphalte  ; 
(2)  on  all  sorts  and  conditions  of  other  level  roads ;  (3)  on  all  sorts  of 
roads  of  different  grades. 

Speeds  to  be  the  four  speeds  of  the  hauling  car. 

Mr.  J.  Brown : — 

The  surface  of  the  roads  upon  which  the  experiments  are  to  be  made 
should  be  tested  in  two  particulars  : — 

(a)  The  smoothness. 
(6)  The  hardness. 

The  smoothness  of  the  roads  should  be  tested  by  means  of  his  viagrapli, 
to  which  he  suggests  the  addition  of  a  skate  with  the  curved  outline 
corresponding  to  a  wheel. 

For  the  hardness  an  apparatus  in  which  the  weighted  stamper  is  raised 
and  lowered  at  intervals  might  be  used,  the  amount  of  yield  in  the  road 
being  autographically  recorded. 

Mr.  A.  Mallock  presented  a  design  for  a  dynamometer  using  a  single 
wheel.     The  arguments  for  such  were  as  follows  : — 

(a)  This  requires  at  most  only  half  the  number  of  experimental 
wheels. 

(b)  Changes  from  one  form  of  wheel  to  another  can  be  made  more 
rapidly. 

(c)  The  tractive  force  can  be  more  regularly  measured. 

(a)  The  effective  load  carried  by  the  wheel  can  be  known  with 
certainty. 

Mr.  Mallock's  designs  for  the  single-wheel  dynamometer  may  be 
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roughly  said  to  consist  of  a  castor  frame  in  which  the  single  wheel  is 
held,  the  wheel  being  capable  of  being  loaded  to  any  required  amount. 
The  castor  frame  is  attached  to  the  tractor,  the  pull  on  the  wheel  or 
tractive  force  being  taken  through  a  bell  crank  frame  on  to  a  small  ram, 
so  that  by  fluid  pressure  the  tractive  force  can  be  continuously  recorded. 
The  following  are  Mr.  Mallock's  general  suggestions  : — 

1.  Variable  radius  of  wheel,  load,  and  speed.  Begin  with  five  wooden 
wheels,  with  iron  tyres  2  inches  wide  ;  diameter  of  wheels,  5  feet,  4  feet, 
3  feet,  2  feet,  1  foot.  These  to  be  tried  each  with  increasing  loads,  beginning, 
say,  at  500  lb.,  and  at  two,  four,  six,  eight,  and  ten  miles  per  hour. 

In  the  first  few  sets  of  experiments  small  increments  would  be  made 
of  the  loids,  as  it  is  probable  that  for  each  kind  and  state  of  road  there 
may  be  one  or  more  critical  pressures.  Experience  will  show  how  large 
the  increments  may  be  without  loss  of  accuracy  in  the  resistance-in- 
terms-of-load  curve.  If  suitable  apparatus  is  used  it  might  be  expected 
that  a  complete  series  of  experiments,  both  for  variations  of  radius  and 
load,  could  be  completed  in  a  day. 

2.  The  experiments  should  be  repeated  with  the  roads  in  various 
conditions  of  wetness.  After  the  variations  of  resistance  in  terms  of 
radius  and  load  have  been  well  worked  out,  one  or  two  diameters  might 
be  selected  with  which  to  try  variations  in  the  width  of  the  tyre.  The 
widths  should  range  from  1  inch  to  10  inches. 

3.  Trials  might  then  be  made  of  various  classes  of  tyres,  such  as  solid 
rubber,  pneumatic  tyres,  &c. 

4.  Some  method  should  be  devised  to  classify  and  describe  the  con- 
dition of  the  roads. 

5.  Every  series  of  experiments  should  begin  and  end  with  a  trial  of 
some  particular  wheel  for  the  sake  of  reference. 

Sir  David  Salomons  : — 

All  vehicles  to  be  loaded  to  1  ton,  1^  or  2  tons,  as  the  case  may  be,  to 
avoid  calculations. 

Gradients  to  be  taken  by  percentages,  say  2,  2^,  5,  7^,  10,  12^,  and 
15  per  cent. 

Nature  of  sur&use  classified,  such  as  asphalte  dry,  wet,  and  greasy ; 
wood  dry,  wet,  and  greasy ;  macadam  dry,  wet,  muddy,  freshly  laid, 
worn,  very  worn. 

Experiments  to  be  made  on  roads  laid  with  syenite,  granite,  Maidstone 
stone,  Sevenoaks  gravel,  flint. 

Also  when  rough  laid  before  rolling  and  after  rolling. 

Also  cinder,  sand,  beach,  and  other  roads. 

Traction  measured  when  from  standstill  at  two,  five,  ten,  twelve, 
fifteen,  eighteen,  twenty,  twenty-five,  and  thirty  miles  per  hour. 

Wind  and  air  resistance  to  be  calculated  from  actual  registering 
apparatus  to  give  net  results  and  air  resistance. 

Air  experiments  might  further  be  made  thus  : — 

Flat  front  of  vehicle  and  same  at  back  built  of  light  board. 
Front  conical  to  cut  air  and  back  flat. 

Front  and  back  both  conical. 

Wheels  might  be  steel,  solid  rubber,  pneumatic  tyres,  flat,  and  rounded. 

Various  diameters  of  wheels,  those  generally  adopted,  and  a  few  trials 
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with  wheels  of  greatly  larger  diameter,  say  6-foot  front  and  back  wheels 
equal,  and  of  different  diameters,  first  larger  in  front,  then  larger  behind. 


SmaU  Screw  Gauge. — Report  of  the  CommUteef  consistitig  of  Sir 
W.  H.  Pkeece  (Ch(drman)y  Lord  Kelvin,  Sir  F.  J.  Bramwell, 
Sir  H.  Trueman  Wood,  Major-Gen.  Webber,  Col.  Watkin,  Lieut.- 
Col.  Orompton,  a.  Stroh,  A.  Le  Neve  Poster,  C.  J.  Hewitt, 
G.  K.  B.  Elphinstone,  E.  Eigg,  C.  V.  Boys,  J.  Marshall 
GoRHAM,  O.  P.  Clements,  W.  Taylor,  Dr.  E.  T.  Glazebrook, 
and  W.  A.  Price  (Secretary),  appointed  to  consider  means  by  which 
Practical  Effect  can  be  given  to  the  introduction  of  the  Screw  Qauge 
proposed  by  the  Association  in  1884. 

The  Committee  report  that  the  present  condition  of  the  matter  sub- 
mitted to  them  is  as  follows  : — 

In  the  report  presented  at  the  meeting  of  the  Association  which  was 
held  at  Bradford  in  1900  it  was  recommended  that  the  shape  of  the 
thread  of  the  British  Association  screw  gauge  for  the  use  of  instrument 
makers  should  be  altered  in  the  following  particulars  for  all  screws  from 
No.  0  to  No.  11  inclusive. 

For  screws, — That  the  designating  numbers,  pitches,  outside  diameters, 
and  the  common  angle  of  47^^  remain  unchanged  ;  but  that  the  top  and 
bottom  of  the  thread  shall  be  cylindrical,  showing  flats  in  section,  and  that 
the  depth  of  the  thread  shall  be  increased  by  one- tenth  of  the  pitch,  the 
diameter  of  the  solid  core  being  in  consequence  diminished  by  one-fifth  of 
the  pitch. 

For  nuts, — That  the  designating  numbers,  the  pitches,  the  diameters 
of  the  clear  holes,  and  the  common  angle  of  47^°  remain  unchanged  ;  but 
that  the  top  and  bottom  of  the  thread  shall  be  cylindrical,  showing  flats 
in  section,  and  that  the  depth  of  the  thread  shall  be  increased  by  one-tenth 
of  the  pitch. 

The  effect  of  these  alterations  is  as  follows  : — 

The  threads  of  the  screws  and  taps  are  of  a  very  simple  form,  being 
cut  with  a  single  point  tool  or  grinding  wheel,  with  straight  sides  and  a 
flat  top,  and  the  top  of  the  thread  is  part  of  a  cylinder.  Though  the 
form  of  the  bottom  of  the  threcMl  depends  on  the  correct  grinding  of  the 
end  of  the  tool,  great  accuracy  is  unimportant,  as  the  screws  and  nuts  do 
not  come  into  contact  there. 

The  threads  of  the  nuts  and  ring  gauges  will  be  accurate  in  proportion 
as  are  the  taps  used  to  cut  them,  the  edge  of  the  thread  forming  the 
through  hole  being  part  of  a  cylinder. 

The  actual  differences  between  the  screws  and  nuts  of  the  old  form 
and  that  recommended  are  so  small  that  it  is  believed  the  old  stocks  will 
in  practice  be  interchangeable  with  the  new  screws,  so  that  the  amount  of 
inconvenience  caused  by  the  change  will  be  exceedingly  small. 

The  British  Aasociation  screw  gauge  has  been  in  use  in  England  for 
seventeen  years.  Many  firms  in  England  have  originated  the  threads 
and  constructed  gauges  for  sale  or  for  their  own  use,  but  the  difficulty  of 
producing  them  is  great,  and  the  market  obtainable  may  have  been 
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insufficient  to  induce  tbem  to  perfect  the  processes  necessary  for  making 
them  accurately  interchangeable.  In  short,  the  British  Association  screw 
gauge  of  1884  was  of  too  complicated  a  form  to  allow  of  its  accurate 
realisation  except  at  a  cost  which  has  proved  prohibitive. 

That  very  accurate  gauges  with  rounded  threads  can  be  produced  is 
not  disputed,  bat  the  difficulty  of  doing  so  for  small  screws  is  very  great. 
The  names  of  three  firms  in  America  and  of  one  in  Grermany  have  been 
proposed  to  the  Committee  as  being  competent,  and  probably  willing,  to 
undertake  the  production  of  gauges  and  tools  of  the  rounded  thread.  The 
Birmingham  Small  Arms  Company,  who  produce  interchangeable  work  on 
a  very  large  scale,  and  to  a  high  degree  of  perfection,  use  only  round- 
topped  screws,  fitting  all  over,  for  bicycle  work  ;  and  Mr.  Clements 
exhibited  gauges  used  by  that  firm  illustrating  his  paper  read  before  the 
Section  at  Bradford.  This  firm  does  not  produce  these  gauges  for  sale. 
The  American  firm  of  Pratt  ife  Whitney  have  manufactured  a  large 
number  of  sets  of  gauges  and  screwing  tools  for  the  English  Government, 
but  declined  to  submit  these  to  the  Committee  on  the  ground  that  they 
were  not  sufficiently  accurate  to  satisfy  us.  After  long  delay  they 
submitted  to  us  three  specimens,  which  were  reported  upon  by  this 
Committee  at  the  Dover  meeting.  Though  the  best  we  had  seen,  they 
were  distinctly  inferior  to  the  screws  used  in  the  ordinary  micrometers 
purchasable  in  tool  shops,  which  have  threads  of  the  character  which 
this  Committee  has  recommended  for  adoption. 

While  the  round  thread  is  only  produced  satisfactorily  by  a  very  few 
firms,  who  have  made  a  special  study  of  this  class  of  work,  the  Committee 
believe  that  the  form  of  thread  they  have  proposed  can  be  made  in 
any  fairly  equipped  tool  room  ;  and  that  this  facility  in  producing  or 
obtaining  the  necessary  appliances  must  very  greatly  encourage  the 
maintenance  of  an  accurate  standard  in  small  screws,  to  promote  which 
has  been  the  object  in  the  view  of  the  Committee.  If,  on  the  other  hand, 
these  tools  and  gauges  are  very  special,  and  perhaps  costly,  appliances, 
obtained  only  by  the  refined  processes  of  certain  factories,  their  use 
in  workshops  will  extend  slowly.  The  Committee  aim  at  putting  the 
matter  on  such  a  footing  that  the  common  everyday  appliances  in  the 
hands  of  workmen  shall  be  of  a  good  order  of  accuracy,  and  this  is 
only  possible  if  they  are  produced  easily  and  cheaply. 

It  is  not  suggested  by  the  Committee  that  the  form  of  thread 
recommended  is  the  best  for  all  purposes  and  for  all  sizes  of  screws,  and 
they  have  expressly  excluded  sizes  of  screws  below  No.  11  British  Associa- 
tion gauge,  which  are  produced  by  pressure  and  not  by  cutting.  Their 
recommendation  applies  only  to  the  screws  used  in  instrument  making 
and  similar  trades  for  assembling  parts,  of  which  screws  a  large 
proportion — perhaps  95  per  cent. — are  of  brass.  Considerations  affecting 
the  use  of  screws  for  other  purposes  have  been  put  before  the  Committee, 
especially  by  Mr.  Clements  in  the  case  of  bicycle  and  gun  screws,  and  by 
Mr.  Taylor  in  the  case  of  lens  screws.  These  have  thrown  suggestive 
light  on  the  question  before  the  Committee,  and  will  be  closely  considered 
by  them  if  reappointed. 

Since  the  last  report  the  Committee's  proposals  have  attracted  much 
attention,  but  no  sets  of  gauges  or  tools  of  tihe  new  thread  have  been 
submitted  to  them,  and  so  far  their  recommendation  has  had  no  practical 
result.  They  are  informed,  however,  that  one  firm  of  manufacturers  in 
England  is  occupied  in  producing  tools  and  gauges  for  their  own  use,  and 
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if  they  succeed  in  producing  them  of  satisfactory  accuracy  will  submit 
them  to  the  Committee. 

Mr.  O.  P.  Clements,  the  author  of  a  paper  on  screw  threads  used  in 
bicycles,  read  before  the  Section  at  Bradford,  has  been  elected  to  the 
Committee. 

Mr.  W.  Taylor,  who  has  taken  a  leading  part  in  the  standardisation  of 
the  screws  of  photographic  lenses,  and  has  been  in  communication  with 
the  Committee,  has  also  been  elected  a  member. 

Dr.  B.  T.  Glazebrook  has  been  elected  a  member  of  the  Committee. 

Correspondence  has  passed  between  the  Committee  and  Dr.  R.  T.  Glaze- 
brook,  the  Director  of  the  National  Physical  Laboratory,  respecting  the 
examination  of  screw  gauges,  and  the  following  arrangements  have  been 
made : — 

The  National  Physical  Laboratory  will  undertake  to  examine  and  to 
report  upon  gauges  of  the  British  Association  submitted  to  them. 

The  Committee  have  applied  the  grant  of  45Z.  made  to  them  at  Bradford 
to  the  purchase  of  apparatus  for  the  examination  of  gauges  by  the  National 
Physical  Laboratory,  and  have  appointed  Mr.  C.  V.  Boys,  Lieut. -Colonel 
Crompton,  Dr.  R.  T.  Glazebrook,  Mr.  W.  A.  Price,  and  Colonel  Watkin 
to  be  a  sub-Committee  for  the  expenditure  of  the  grant.  The  Committee 
are  of  opinion  that  the  previous  grant  of  45^.,  made  in  1900,  will  be 
insufficient  to  purchase  the  necessary  apparatus,  and  recommend  their 
reappointment,  with  a  grant  of  45/. 

Ethnological  Survey  of  Gatiada, — Report  of  the  Committee^  cotisistmj 
of  Professor  D.  P.  Penhallow  (Chairman),  the  late  Dr.  George 
M.  Dawson  (Secretary),  Mr.  E.  W.  Brabrook,  Professor  A.  C. 
Haddon.  Mr.  E.  S.  Hartland,  Sir  J.  G.  Bourinot,  Mr.  B. 
Sulte,  Mr.  C.  Hill-Tout,  Mr.  David  Boyle,  Mr.  C.  N.  Bell, 
Professor  E.  B.  Tylor,  Professor  J.  Mayor,  Mr.  C.  F.  Hunter, 
and  Dr.  W.  P.  Ganong. 

In  recording  the  work  of  the  past  year  we  are  called  upon  to  notice  the 
very  sudden  decease  of  Dr.  G.  M.  Dawson,  which  occurred  at  Ottawa  on 
March  2,  1901,  as  the  result  of  bronchitis.  Dr.  Dawson  had  been 
identified  with  the  work  of  this  Committee  from  the  time  of  its  organisa- 
tion, and  he  served  at  first  eus  its  Chairman,  and  later  as  its  Secretary, 
which  position  he  held  at  the  time  of  his  death.  His  well  known  ethno- 
logical studies  in  connection  with  the  Indians  of  the  Pacific  coast  and  the 
keen  practical  interest  which  he  constantly  manifested  in  the  prosecution 
of  such  work  gave  special  weight  to  his  connection  with  this  Committee 
the  object  of  which  commanded  his  warmest  sympathy  and  his  deepest 
interest ;  and  we  are  keenly  sensible  of  the  great  loss  we  have  sustained 
in  the  removal  of  one  whose  broad  interest  in  the  progress  of  scientific 
research,  and  whose  intelligent  appreciation  of  the  many  difficult  problems 
connected  with  the  prosecution  of  ethnological  work  in  a  country  where 
the  conditions  are  changing  so  rapidly,  gave  him  exceptional  qualifications 
for  the  guidance  of  our  work  and  imparted  to  those  especially  engaged  in 
collecting  data  a  never-failing  stimulus  and  enthusiasm. 

Renewed  negotiations  with  certain  of  the  provincial  Governments 
have  been  opened  during  the  year  with  a  view  to  having  the  work  of  this 
Committee  placed  upon  a  more  permanent  basis,  and  it  is  hoped  that 
favourable  results  may  appear  before  our  next  annual  report  is  made. 
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Dr.  Ganong  has  undertaken  the  organisation  of  systematic  work  in 
New  Brunswick,  with  special  reference  to  the  remnants  of  Indian  tribes 
in  that  section  of  the  country,  and  a  somewhat  definite  statement  of 
progress  in  this  direction  may  be  anticipated  for  the  next  report. 

The  anthropometric  work  of  the  Committee  has  been  in  progress  for 
the  last  three  years,  and  material  is  steadily  accumulating  which  will 
ultimately  be  placed  in  competent  hands  for  final  analysis. 

Mr.  L^n  Q^rin,  whose  very  acceptable  work  upon  the  Indians  of 
Lorette  was  reported  upon  last  year,  has  continued  his  studies  with 
reference  to  the  Iroquois  of  Caughnawaga ;  but  the  material  is  not 
sufficiently  advanced  to  make  it  available  for  the  purposes  of  the  present 
report. 

Mr.  A.  F.  Hunter  has  shown  continuous  activity  in  the  etlmolo^  of 
Ontario.  He  has  published  in  the  '  Archaeological  Report  of  Ontario^ for 
1900  his  third  contribution  to  the  bibliography  of  Ontario  archaeology. 
In  volume  iii.  of  the  *  Ontario  Historical  Society '  he  has  also  published 
an  article  on  '  The  Ethnographical  Elements  of  Ontario.'  This  paper  was 
prepared  in  the  line  of  the  investigations  of  this  Committee,  and,  as  in  the 
case  of  the  contributions  by  Mr.  Suite,  it  will  serve  as  an  important  basis 
for  further  investigations.  Its  importance  and  the  fact  that  the  place  of 
first  publication  would  secure  only  a  limited  circulation  made  it  desirable 
that  a  certain  number  of  extra  copies  should  be  secured  by  the  Committee 
for  use  in  its  special  work.  These  are  now  available,  and  a  copy  is 
transmitted  herewith. 

Mr.  Hill-Tout  has  continued  his  studies  of  the  Salish  tribes  of  British 
Columbia.  His  report  for  this  year  deals  chiefly  with  the  Halkome^em 
tribes  of  the  Lower  Eraser.  The  evidence,  both  from  his  archaeological 
investigations  and  from  his  linguistic  studies,  leads  him  to  conclude  that 
these  tribes  are  comparatively  late  comers  in  their  present  territory,  and 
that  the  original  undivided  home  of  the  Salish  stock  was  not  on  the  shores 
and  bays  or  tidal  rivers  of  this  coast,  each  tribe  or  division  having 
separate  and  distinct  names  for  the  various  kinds  of  fish  and  other  marine 
pn)ducts,  which  could  not  conceivably  have  been  the  case  had  they  lived 
together  here,  since  fish  formed  the  principal  portion  of  their  food  from 
time  immemorial,  as  their  midden-heaps  testify.  Their  stories  and  myths 
accounting  for  the  origin  or  presence  of  the  salmon  and  other  forms  of 
marine  life  in  these  waters  are  also  widely  dissimilar,  plainly  showing 
that  they  have  been  independently  evolved  since  the  separation  of  the 
tribe  into  its  present  divisions. 

Another  important  result  has  been  reached  by  a  comparative  study  of 
the  philosophy  and  social  customs  of  the  Salish  tribes.  It  has  been  found 
that  their  beliefs  and  customs  furnish  us  with  the  steps  by  which  the 
peculiar  totemism  of  the  northern  tribes  of  this  coast  is  reached.  It  is 
seen  to  be  the  natural  outgrowth  and  development  of  an  earlier  fetishism, 
the  different  cultural  planes  of  the  Salish  presenting  very  clearly  the 
intermediate  steps  by  which  the  former  gave  rise  to  the  latter. 

The  linguistic  part  of  the  report,  to  which  the  author  has  devoted 
much  time  and  study,  forms  a  valuable  addition  to  our  knowledge  of  the 
Salish  tongue.  It  presents  a  comprehensive  exposition  of  the  grammatical 
structure  of  two  important  dialects  of  this  family,  to  which  are  added 
examples  of  native  text  and  extensive  glossaries  of  Kwa'nthen  and 
Teil'qeuk  terms. 

The  Committee  desire  to  be  reappointed,  with  a  grant  of  30^.,  in 
addition  to  the  balance  of  ;S46.15  in  hand.    The  Committee  recommend 
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that  Mr.  C.  Hill-Tout,  of  Abbotsford,  British  Columbia,  be  appointed 
Secretary,  and  the  Rev.  John  Campbell,  of  Montreal,  a  member  of  the 
Committee. 


Natural  History  and  Ethnography  of  tlie  Malay  Peninsula. — Second 
Report  of  the  Committee^  consisting  of  Mr.  C.  H.  Read  (Chavr^ 
man),  Mr.  W.  Crooke  (Secretary)^  Professor  A.  Macalister,  and 
Professor  W.  Ridgeway. 

The  Committee  have  received  the  following  report  from  Mr.  W.  W. 
Skeat,  the  leader  of  the  expedition  in  continuation  of  the  report  presented 
last  year  : — 

Second  Report  on  Cambridge  Exploring  Expedition  to  the  Malay  Provinces 
of  Lower  Siam,    Dravm  up  by  W.  W.  Skbat. 

In  continuation  of  my  report  of  last  year  (in  which  the  route  taken  by  the 
Malay  States  Expedition  was  described)  I  have  the  honour  to  forward  a 
report  descriptive  of  the  ethnographical  material  collected  in  so  far  as  it 
is  possible  for  me  to  do  so  under  existing  conditions. 

I  propose  also,  for  convenience'  sake,  to  preface  the  ethnographical 
part  of  the  report  with  a  few  general  remarks  on  the  collections  made  in 
the  other  departments  of  science  which  were  represented  on  the  staff  of 
the  expedition. 

Notes  on  Zoology, 

Zoology, — An  extensive  collection  of  Vertebrates  was  made,  but  this 
group  has  been,  comparatively  speaking,  so  well  worked  that  the  interest 
of  the  collection  is  more  likely  to  consist  in  extending  the  range  of 
species  already  known  than  in  the  making  of  new  or  startling  additions 
to  our  existing  information  about  the  Peninsula.  About  three  or  four 
new  species  have,  however,  already  been  reported. 

A  few  of  the  most  interesting  points  about  the  entire  collection,  from 
a  zoological  point  of  view,  are  : — 

1.  The  discovery  of  the  first  two  species  of  Peripatus  found  in  the 
Malay  Peninsula. 

About  thirteen  specimens  of  Peripatus  (comprising  two  species)  were 
collected  by  members  of  the  expedition. 

The  first  species  was  first  collected  on  Bukit  Besar  (3,000  ft.),  in  Patani, 
by  Mr.  R.  Evans,  and  the  second  some  time  later  by  Mr.  F.  F.  Laidlaw 
at  Kuala  Aring,  in  Kelantan,  both  localities  being  in  the  East  Coast  States. 
A  third  species  was  collected  some  months  afterwards  (and  independently 
of  the  expedition)  by  Mr.  Butler  in  the  West  Coast  State  of  Selangor. 
All  three  species  are  included  by  Mr.  Evans  in  a  new  genus  which  he  has 
called  *  Eoperipatus.'  ^ 

A  point  of  great  interest  (Mr.  Evans  tells  me)  is  that  in  the  earlier 
stages  of  development  (e.g.j  in  the  size  and  structure  of  ovum)  they 
resemble  the  Australian  forms,  but  at  a  later  period  {e.g.,  in  the  size  of 
embryo  at  birth),  they  more  nearly  approximate  to  the  American  forms, 
to  which  anatomically  they  also  bear  so  strong  a  resemblance  that  they 
have  been  included  in  the  same  sub-family  (of  Peripatidse).     Mr.  Evans 

»  Quart.  J.  Micr.  Sc,  vol.  xHv.,  Pt.  IV.  n.s. 
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concludes  that  the  Feripatidai  must  once  have  had  a  common  centre  of 
distribution  either  in  Africa  or  in  some  lost  continental  tract  which 
formerly  afforded  a  means  of  land  communication  between  Africa,  the 
Malay  region,  and  South  America. 

2.  The  collection  of  Spiders  and  other  Arachnids,  of  which  more  than 
one  third  have  been  determined  as  new  by  M.  E.  Simon  (Paris),  the  great 
authority  on  this  group. 

3.  The  collection  of  Insects. 

4.  The  collection  of  Oligochseta  (the  majority  of  which  are  new). 

5.  A  good  piece  of  work  is  Mr.  Evans's  account  of  the  formation  of 
the  gemmule  in  EphydcUia. 

The  information  about  the  rest  of  the  collection  is  not  yet  fully  avail- 
able. I  append,  however,  for  convenience'  sake,  a  table  showing  the  groups 
to  which  the  specimens  collected  belong,  together  with  a  list  of  the 
authorities  who  have  kindly  consented  to  work  them  out. 


Freshwater  Sponges 
Marine  Sponges 


MedusiB 
Alcyonaria 

Torbellaria 

Cestoda,     Trematoda, 

Nematoda 
Oligochseta 


Polycbseta 
Sipunculoidea 

Crustacea 
Peripatus 

Myriapod4a 

Arachnida 


Insects 

Lepidoptera 

Hymenoptera 
Hemipr«ra 
Orthoptera  (part) 
On  hoptera  (Phasooidae) 
Odonata  (Dragon-flies) 

Coleoptera 
Mosqoitos 


1  new  species 
Few 


2  or  3 
Few 

Many  species,  mostly 

new 
Few 

Not  less  than  16 
specieSf  of  which 
at  least  10  are  new 

Few 

Probably  4  or  5 
species 

(Considerable  number 

Two  species 

Few 

Not  less  than  139 
Fpecies,  of  which 
48  species  and  4 
sub-species  are  new 


About    60    species, 
probably  To  new 


Described  as  Epkydatia  hlem- 
Hngia  by  B.  Evans,  M.A., 
B.Sc,  in  *  Quart.  Jour.  Micr. 
Sci.,'  vol.  xliv.  p.  71 

Miss  I.  Sollas 

R.  T.  Gttnther  (Oxford) 

Professor  8.  J.  Uickson  (Manches- 
ter), M.A.  (Downing  College) 

F.  F.  Laidlaw,  B.A.  (Trinity 
College) 

A.  E.  Shipley,  M.A.  (Christ's 
College) 

Desciibed  by  F.  E.  Beddard, 
M.A.,  F.R.S.,  in  *PfOC.  Zool. 
Soc.,'liK)0,p.  891» 

A.  Willey,  M.A..  D.Sc. 

W.  F.  Lanchestcr,  M.A.  (King's 
College) 

R.  Evans.  M.A.  ('  Q.  J.  Micr.  kc.,' 

vol.  xliv.,  Pt.  IV.  n.8.) 
F.    Q.    Kinclair,    M.A.    (Trinity 

College) 
E.Simon  (Paris)  r.'P.Z.S.,' 1901  \ 


Paper  on  habits  by  N  Annan- 
dale,  in  •  P.Z.S.,'  1900,  p.  837 

l>rofe&«or  E.  B.  Poulton,  F.R.S. 
(Oxford) 

P.  Cameron  r.  *  P.Z.S.,'  1901 

W.  L.  Distant 

M.  Borr  (Oxford) 

D.  Sharp,  F.R.8. 

F.  F.  Laidlaw,  B.A. 

D.  Sharp  and  F.  F.  Laidlaw 
F.  V.  Theobald.  M J^.  (St.  John's 
College) 


*  Cp.  also  F.  E.  Beddard  on  a  freshwater  Annelid  of  the  genus  BathrUmewrcn 
IB.  iru,  n.  sp.]  in  Pt.  L  1901  (p.  81)  of  the  P.Z.S. 
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LamelUbranchiata  and 

About  70  species        i  E.  A.  Smith  (British  Museum) 

a  few  other  Molluscs 

' 

Other  Molluscs  (Gas- 

Including aboat  20 

P.  F.  Laidlaw 

teropoda,  &c.) 

species  of  terres- 
trial Opercolates, 
of  which  probably 
G  or  7  are  new 

Other  Molluscs  (Slugs, 

About    25    species,  {  W.  E.  Collinge  (Birmingham) 

&c.) 

probably  6  or  6  new 

Cu' tie-fishes 

2  or  3                             W.  E.  Hoyle,  M.A.  (Manchester) 

1  Fishes 

1 

Numerous 

L.     W.     Byrne,     B.A.     (Trinity 
College) 

:  Amphibia 

About     29     species     Described  by  F.  F.  Laidlaw  in 

1 

(none  new)              i       '  P.Z  S./  1900,  p.  883 

Reptiles 

Not    less    than    80     F.  F.  Laidlaw 

species,    2    or    3 

probably  new 

'  Birds 

! 

About  140  species 

Paper  by  J.   L.    Bonhote,    B.A. 
(Trinity     College),      •  P.Z.S.,' 
Pt.  1. 1901,  p.  67 

1  Mammals 

About    65    species, 

Described  by  J.  L.  Bonhote,  B.A. 

I  new 

(Trinity  College),   in  'P.Z.S.,' 
1900,  p.  869 

1 

• 

Specimen  not  yet  dU 
Considerable  number 

inbuted. 

Corals 

Probably  J.  S.  Gardiner.    M.A. 

(Caius  College) 

Echinoderms 

Moderate  number       1  Unassigned.    These  were  to  have 

1      been  described  by  F.  P.  Bed- 

ford.  B.A.  (King's  College),  who 

died  Ostober  1900 

Nemertines 

2  or  3 

Possibly    R.    C.    Punnett,    B.A. 
(Caius  College) 

Hirudinea 

— 

Unassigned                                     1 

Polyzoa 

1  or  2  species 

?  S.  F.  Harmer,  F.R.S.                     i 

i 

Botavy, 

Upwards  of  1,000  species  of  dried  plants  were  collected — about  430 
by  Mr.  Gwynne-Vaughan  and  upwards  of  600  by  Mr.  R.  H.  Yapp. 

I  understand  from  Mr.  H.  Ridley,  M.A.  (Superintendent  of  Gardens 
and  Forests,  Singapore)  that  both  collections  include  specimens  of  much 
interest. 

In  both  cases  the  specimens  consisted  mainly  of  Phanerogams  and 
Vascular  Cryptogams.  They  included  a  number  of  new  flowering  plants 
and  probably  one  or  two  Ferns. 

Messrs.  Gwynne-Vaughan  and  Yapp  have  both  been  engaged  in 
anatomical  research  on  the  material,  preserved  in  spirit,  collect^  during 
the  expedition. 

A  small  collection  of  Algae  have  been  distributed  between  Messrs. 
F.  F.  Blackman  and  G.  S.  West,  both  of  St.  John's  College,  Cambridge. 

A  few  Fungi  were  also  collected.  They  will  probably  be  undertaken 
by  Mr.  R  H.  Biffen,  of  Emmanuel  College. 
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Geology* 

With  regard  to  the  progress  made  in  dealing  with  the  geological 
specimens,  Professor  T.  McKenny  Hughes  kindly  sends  me  the  following 
notes : — 

The  occurrence  of  fossils  on  some  of  the  images  of  Buddha  sug- 
gested a  search  for  the  quarry  from  which  the  rock  was  obtained  out 
of  which  the  images  were  carved,  and  it  was  at  length  found  on  the 
western  flank  of  the  great  central  axis  of  the  Peninsula.  The  finer  rock 
is  in  places  highly  fofisiliferous  ;  the  coarser  has  so  far  yielded  only  traces 
and  suggestions  of  organisms.  The  collectors  very  wisely  brought  back 
large  lumps  of  the  portions  which  appeared  to  be  fossiliferous,  and  by 
breaking  these  up  with  greater  care  than  could  have  been  used  in  the 
field,  we  have  obtained  a  sufficiently  large  number  of  well  preserved 
species  to  enable  us  to  determine  the  geological  horizon  of  the  deposit. 

There  is  a  trilobite  (Proetus),  encrinite  stems  and  arms ;  several  species 
of  lamellibrauchs  and  of  brachiopods,  among  which  last  there  is  at  least 
one  species  of  Chonetes.  There  is  a  well  preserved  and  highly  ornamented 
Pleurotomaria  and  a  Cephalopod,  which,  by  its  horseshoe  lobes,  confirms 
what  is  suggested  by  the  general  facies,  namely,  that  the  deposit  belongs 
to  the  highest  beds  of  the  Carboniferous,  or  rather,  perhaps,  to  beds  inter- 
mediate between  the  Carboniferous  and  the  overlying  system  to  which 
the  compromise  name  of  Permo-Carboniferous  has  been  applied. 
The  rocks  brought  home  fall  into  two  divisions :  (1)  a  grit  of  varying 
coarseness,  consisting  almost  entirely  of  siliceous  grains  with  occasionally 
larger  included  fragments  of  quartz  and  some  foreign  material ;  and 
(2)  a  very  fine  rock  in  which,  however,  the  constituents  appear  to  be  the 
same  as  those  in  the  coarser  rock,  only  more  finely  divided.  Both  rocks 
are  jointed,  and  the  joints  are  often  picked  out  by  bright  coloured  oxides, 
and  in  the  case  of  the  coarser  rock  by  thin  mineral  veins  in  which  limonite 
is  conspicuous.  The  microscopic  examination  of  both  finer  and  coarser 
rocks  confirms  the  views  suggested  by  the  macroscopic  examination  of  the 
coarser  specimens.  The  chemical  analysis  shows  that  the  rock  is  almost 
entirely  composed  of  silica,  but  it  is  evident  that  it  has  undergone  much 
mechanical  and  chemical  alteration.  There  are  evidences  of  strain 
throughout ;  the  fossils  are  distorted,  and  some  of  the  larger  pebbles  are 
broken  and  the  parts  displaced  by  movements  in  the  rock.  It  is  clear 
also  from  the  character  and  condition  of  the  fossils  that  there  must  have 
been  originally  much  carbonate  of  lime  in  the  rock  furnished  by  large 
lamellibrauchs  and  thick-shelled  brachiopods.  The  cavity  where  the 
shell  was  is  sometimes  found  lined  with  silicates,  whereas  no  trace  of  the 
carbonate  of  lime  remains  in  it.  The  absence  of  carbonate  of  lime  was 
suggested  by  the  sharp  and  undecomposed  appearance  of  the  carved  work 
which,  though  it  had  evidently  been  exposed  to  the  weather  and  the  action 
of  vegetation,  nowhere  showed  the  fretted  surface  of  a  calcareous  rock. 

Anthropologt. 
Notes  on 

I.  Anthropometry, 

There  was  so  much  heavy  work  to  be  done  in  other  departments  that 
but  little  time  could  be  devoted  to  this  branch  of  science. 

Such  statistics,  hoVe^r,  as  it  Was  pbssible  to  dblnpile  shbHild  be  of 
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especial  interest,  since  it  appears  to  be  the  first  time  that  any  systematic 
observations  have  been  made  on  the  Malays  of  the  east  coast  of  the 
Malay  Peninsula. 

As  far  as  I  have  ascertained  at  present,  about  forty-four  natives  in 
all  were  measui*ed.  Of  these  about  thirty  were  East  Coast  Malays,  and 
the  remainder  (with  the  exception  of  one  wavy-haired  Sakai  woman)  were 
aboriginal  jungle-dwellers,  with  the  dark  skin  and  frizzly  hair  of  the 
Negrito  type. 

Upwards  of  twenty  measurements  were  taken  in  the  case  of  each 
individual,  and  a  number  of  observations  were  made  with  reference  to 
the  colour  and  condition  of  skin,  hair,  and  eyes,  as  well  as  various  par- 
ticulars bearing  on  the  life  of  the  individual  measured. 

The  full  measurements  have  not  yet  been  thoroughly  worked  out,  but 
the  records  of  height  appear  to  be  thoroughly  consistent  in  indicating  the 
presence  of  two  quite  cUfferent  standards  of  racial  stature :  (a)  a  high  one, 
(6)  a  low  one. 

(a)  From  159-166  C.  ;  (6)  from  151-156  C. 

This  largely  confirms  what  has  been  written  about  the  people  of  the 
East  Coast  States  by  Mr.  Hugh  Clifford  and  others ;  indeed,  the  differ- 
ence of  type  is  so  marked  that  it  could  hardly  fail  to  strike  the  ordinary 
observer.  ' 

The  men  belonging  to  the  first  type — 

(a)  Are  tall,  fleshy,  i*aw-boned,  and  bulkily  made  men,  somewhat 
resembling  the  Maori  in  general  build. 

Those  belonging  to  the  second  type — 

(b)  Are  short,  with  spare  frame  and  comparatively  slender  lower 
limbs — as  difierent  as  a  polo  pony  from  a  plough-horse. 

The  taller  type  largely  predominates  in  the  East  Coast  States  of 
Patani,  Kelantan,  and  Trengganu,  th^  centre  of  its  racial  focus  lying  in 
the  most  central  of  the  three  States  referred,  i.e.,  in  the  State  of 
Kelantan. 

Notes  on 

II.  Ethnography. 

An  examination  of  the  ethnographical  specimens  has  served  to 
emphasise  the  importance  of  the  area  traversed,  as  one  of  the  most  vital 
of  the  connecting  links  between  Asiatic  civilisation  and  savagery.  An 
interesting  point  is  that  this  ofishoot  of  the  Mongolian  race  has  adopted 
a  culture  which  appears  to  be  almost  fundamentally  Indian. 

Another  point  to  which  perhaps  justice  has  hardly  been  done  consists 
in  the  immense  value  to  Great  Britain  of  her  Malayan  dependencies,  the 
volume  of  whose  trade  (not  including  Borneo  and  Sarawak)  amounted  in 
the  year  1900  to  51, 900,000?., ^  a  figure  which  only  falls  short  by  a  few 
millions  of  the  «;(reat  import  and  export  trade  of  Canada,  which  in  the 
same  year  amounted  to  64,000,000/.*  Most  of  this  trade  is  certainly 
made  by  the  Chinese  ;  but  even  apart  from  the  commercial  question,  and 
on  merely  general  grounds,  I  think  it  is  now  being  recognised  that  the 
work  of  understanding  our  native  fellow-subjects  possesses  a  high 
practical  value,  not  only  for  sciencie,  but  for  government  and  trade,  a 

>  BeckoiDing  the  dollar  at  29,  '  ReckoDing  the  dollar  at  4«. 
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notable  instance  of  which  was  to  be  seen  in  the  labours  of  the  late 
Miss  Kingsley. 

With  the  additional  material  collected  during  the  expedition  it  will 
now,  I  think,  be  possible  to  lay  the  foundations  of  a  reasonably  exhaustive 
ethnographical  work  dealing  with  the  Malays  of  the  Peninsula,  their  habits 
and  customs,  their  religion  and  their  industries.  For  this  work  I  have 
already  commenced  to  arrange  the  mateiial.  It  would  give  me  much 
encouragement  to  feel  that  I  had  the  approval  of  the  Association  in  this 
laborious  task,  which  I  have  taken  upon  myself  solely  because  work  of 
this  particular  description  is  unfortunately  so  unremunerative  under 
present  conditions  that  nobody  else  could  be  found  to  undertake  it  at  all. 

As  regards  the  method  adopted  for  dealing  with  the  material,  my 
object  is  to  have  all  special  points  which  lend  themselves  to  such  treat- 
ment worked  up  by  specialists  in  each  particular  branch  of  knowledge, 
a  method  which,  I  trust,  will  give  an  increased  value  to  the  ultimate 
result.  Among  those  specialists  who  have  most  kindly  undertaken  to 
work  up  special  sections  I  may  mention  Dr.  R.  J.  Lloyd,  of  Liverpool  ;  Mr. 
W.  L.  H.  Duckworth,  Professor  Wm.  Ridgeway,  Mr.  H.  Warington 
Smyth,  Mr.  W.  Rosenhain,  Mr.  H.  Ling  Roth,  and  others. 

I  shall  proceed  to  a  description  of  the  material  collected,  though  it  is, 
I  fear,  impossible  to  give  a  really  adequate  description  of  the  collection 
within  the  limits  of  the  present  paper. 

-Drew. 

The  working  dress  of  the  jungle  Malays  in  Kelantan  and  Patani  was 
of  the  scantiest  description,  a  mere  waist-  cloth  boinie:  at  times  the  only 
garment  used.  As  we  worked  further  south,  however,  towards  the 
Trengganu  and  Pahang  frontiers,  this  free  exposure  of  the  person 
diminished  continually,  until  in  Trengganu  town  we  found  the  sarong 
frequently  worn  as  low  as  to  the  ankles,  exactly  as  in  most  of  the  States 
under  British  protection. 

The  specimens  of  dress  collected  consisted  chiefly  of  sarongs,  the  most 
valuable  specimens  of  which  (presented  to  the  expedition  by  the  Raja 
Muda  of  Patani  and  the  Sultan  and  Raja  Muda  of  Kelantan)  were 
unfortunately  stolen  after  they  had  been  handed  over  to  the  expedition's 
agent  in  Penang.  In  this  way  some  unique  specimens  were  lost.  On  the 
other  hand,  a  fairly  complete  set  of  named  sarong  patterns,  showing  the 
arrangement  of  the  threads  in  producing  a  great  many  varieties  of  the 
Malay  check  patterns,  were  obtained,  this  point  being  an  especially 
interesting  one,  as  it  exhibits  in  the  Malay  Peninsula  an  exact  parallel 
to  the  existing  Scotch  (and  former  Irish)  tartans.  Among  the  miscel- 
laneous articles  of  attire  collected  may  bo  mentioned  a  series  of  head- 
dresses, shoes,  sandals,  &c.y  and  some  curious  sots  of  toilet  requisites 
carried  on  the  person  (including  silver  tweezers,  ctane  tooth-brush,  silver 
ear-pick,  and  silver  tongue-scraper),  and  a  set  of  exceedingly  ingenious 
and  primitive  folding  palm-leaf  umbrellas,  which  arc  constructed  on  an 
entirely  different  principle  from  those  of  Europe. 

Ornamentation, 

Among  the  Malays  of  the  East  Coast  and  Kedsdi,  as  among  those  of 
the  British  possessions,  the  adornment  of  personal  belongings  and  house 
furniture  is  seldom  rich,  and  is  the  exception  rather  than  the  rule.  In 
certain   departments,  however,  with  which  Moslem  tradition   has  not 
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interfered,  the  Malay  artificer  shows  no  marked  inferiority  to  his  fellow 
worker  of  China  or  Hindustan.  The  work  of  Malay  gold  and  silver  smiths 
in  the  Peninsula  may  in  fact  generally  be  distinguished  from  that  of  their 
Chinese  and  Indian  confrereu  in  the  same  region  by  its  being  less  florid 
and  in  juster  taste  than  the  latter,  and  finer  in  execution  than  that  of 
the  former. 

This  question  of  ornamentation  is  of  especial  interest  on  the  East 
Coast,  where  Mohammedanism  may  be  seen  struggling  for  the  mastery, 
and  not  always  getting  the  better  of  the  spirit  of  the  people.  Most 
important  in  this  connection  are  the  rare  traces  of  anthropomorphic  and 
zoomorphic  decoration,  e.g,^  in  some  of  the  axe- helves  brought  back  by  the 
expedition,  which  bear  an  astonishing  likeness  to  certain  Polynesian 
designs,  as  well  as  in  the  ornithomorphic  ornaments,  which,  like  the 
frigate  bird  to  which  Dr.  Haddon  has  drawn  attention  in  neighbouring 
islands,  play  so  large  a  part  in  the  East  Coast  rites  of  marriage  and 
circumcision.  In  the  case  of  the  latter  ceremony  the  anomaly  is  especially 
remarkable,  the  candidates  for  circumcision  being  usually  first  paraded 
in  a  chariot  representing  some  animal  or  bird,  a  thing  which  I  have  never 
seen  among  the  West  Coast  Malays,  who  are  in  closer  touch  with 
civilisation. 

East  Coast  designs  (more  especially  those  of  animals)  may  conveniently 
be  studied  in  the  extensive  series  of  Malay  '  fancy '  cake-moulds  collected 
from  the  various  districts  through  which  we  passed.  I  regard  this  series 
as  an  important  one,  the  designs  being  very  fairly  representative  of  this 
branch  of  Malay  decorative  work.  The  objects  represented  include  the 
lion,  elephant,  bull,  goat,  and  several  kinds  of  tortoise  and  fish  ;  the  rose 
and  other  flowers ;  the  axe  and  various  forms  of  the  Malay  dagger,  or 
kris.  For  the  same  purpose  I  obtained  some  fine  specimens  of  mat- work, 
basket-work,  needlework,  weaving,  photographs  of  decorative  house- 
walls,  pottery  stamps,  and  three  beautiful  specimens  of  Kedah  water- 
chatties,  one  of  which  is  decorated  with  a  floral  design,  and  the  other  two 
with  representations  of  fish,  which  are  depicted  as  swimming  round  the 
waist  of  the  chatty. 

Weaponf, 

Among  the  Malayan  daggers  the  most  interesting  was  perhaps  what 
Professor  Louis  calls  the  *  kingfisher '  variety  of  the  Malay  kris,  the 
hilt  of  which  represents  a  sitting  figure  with  an  abnormally  long  nose, 
which  in  some  cases  reaches  a  length  of  several  inches,  the  body  of  the 
figure  itself  being  only  about  3  inches  high.  This  particular  dagger  has  a 
very  long  scabbard,  and  is  frequently  if  not  usually  inserted  in  the  belt 
in  the  middle  of  the  wearer's  back.  To  draw  it  the  wearer  gives  a  back- 
ward kick,  which,  just  touching  the  bottom  of  the  scabbard,  drives  the 
hilt  upwards  between  the  shoulders,  where  it  can  be  seized  by  the  hand 
(over  the  shoulder)  and  drawn  for  action. 

Himting  and  Fishing ^  Sfc, 

As  regards  the  series  of  traps,  snares,  and  nets  used  by  Jungle  Malays, 
of  which  a  large  collection  was  made,  the  greatest  ingenuity,  as  well  as  a 
considerable  knowledge  of  the  life-history  of  the  animal,  is  often  exhibited 
in  their  construction.  Magic  as  a  rule  plays  a  large  part  in  the 
processes  employed,  and  I  hope  in  due  course  to  be  able  to  work  out  this 
most  interesting  side  of  Malay  ethnography. 

1901.  E  E 
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An  ingenious  method  was  investigated  of  catching  male  elephants 
(instead  of  corralling  them)  by  means  of  a  snare  set  under  a  tree  to  which 
a  decoy  (female)  elephant  was  tethered.  This  method  of  elephant- catching 
requires,  of  course,  a  cord  of  immense  thickness  and  strength. 

Fire'Tndking  and  Cooking  Implements. 

Some  interesting  specimens  of  the  cocoanut  scraper,  two  representing 
animals,  and  one  a  man  prostrating  himself  in  prayer,  were  obtained  at 
Singora.  But  perhaps  the  most  interesting  objects  collected  under  the 
above  heading  from  an  ethnological  point  of  view  were  a  set  of  the  fire 
syringes  (generally  manufactured  from  bone  or  horn)  which  are  still  used 
in  some  up-country  villages  for  the  production  of  fire. 

The  collection  of  Malay  cake -moulds  has  already  been  referred  to. 
Notes  were  also  taken  in  detail  of  the  methods  of  making  many 
kinds  of  Malay  'fancy'  cakes  and  sweetmeats,  as  well  as  a  number 
of  other  dishes.  The  working  out  of  my  collection  of  notes  upon 
Malay  cooking  processes  has  been  very  kindly  undertaken  by  Miss 
Duckworth. 

Coins,  Weights  and  Measures, 

The  collection  of  coins  (native  *  cash '),  weights  and  measures  is 
representative  of  all  the  important  local  States  in  which  Siamese  or  Straits 
money  has  not  yet  usurped  the  place  of  the  native  currency,  as  well  as  of 
several  in  which  the  native  currency  has  now  long  become  completely 
obsolete.  The  collection  of  coins  includes  two  interesting  gold  dinars 
from  Jambu,  in  Patani,  which  are  stamped  with  the  figure  of  a  bull,  and 
are  probably  of  local  coinage.  They  have  some  resemblance  to  u  small 
gold  coin,  formerly  current  in  Achin  (Sumatra),  but  are  apparently 
unrepresented  in  any  British  collection.  This,  indeed,  appears  also  to  be 
the  case  with  a  large  nimiber  of  the  specimens  of  tin  cash.  They  are  cast 
in  the  form  of  trees,  which  are  called  cash  trees,  the  three  specimens  of 
which,  obtained  by  the  expedition,  are,  I  believe,  unique  in  this  country. 
The  general  type  is  that  of  the  round  cash,  with  a  circular  hole  in  the 
centre,  though  one  kind,  the  half -cash  of  Trengganu,  is  a  solid  round  coin 
(without  the  hole).  In  some  of  the  designs  Javanese  affinities  may  be 
traced.  Mr.  H.  Grueber  and  Mr.  W.  J.  Rapson,  of  the  British  Museum, 
have  both  seen  these  coins,  and  Mr.  Kapson  has  most  kindly  measured 
and  weighed  them.  They  have  now,  together  with  the  weights  and 
measures,  been  handed  to  Professor  Ridgeway,  who  has  already  done  a 
good  deal  towards  working  them  out. 

Sets  of  weights  and  measures  were  also  obtained  whenever  possible  in 
each  of  the  East  Coast  States.  Some  of  these  are  stamped  with  the 
stamp  of  the  Raja,  a  charge  for  affixing  which  is  made  in  several  of  the 
States.  The  Malay  *gantang'  roughly  corresponds  to  our  own  gallon 
measure.  The  *  chupak  '  represents  the  half  cocoanut  shell  (of  which  it 
usually  consists),  and  this  again  is  further  subdivided. 

Another  valuable  set  from  an  ethnological  point  of  view  is  that  of  the 
primitive  weighing  machines  in  the  shape  of  ungraduated  steel-yards 
which  are  used  for  weighing  out  fixed  quantities  of  certain  recognised 
substances,  e.g.,  salt,  *blachan'  (the  well-known  strong-smelling  Malay 
*  prawn  paste  \  cotton,  and  tobacco.  For  weighing  rice  a  much  larger 
variety  is  used,  which  may  be  made  adjustable  under  certain  ciiicum- 
stances. 
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Trade, 

A  great  many  statistics  were  obtained,  in  passing,  about  trade,  the 
fignres  of  imports  and  exports  being  obtained  for  five  out  of  the  seven 
States  which  go  to  make  up  the  old  Malay  country  of  Patani.  In  some 
cases  these  figures  were  those  for  the  first  year  in  which  the  statistics 
had  been  properly  kept,  a  Siamese  clerk  having  been  appointed  to  do 
the  work  on  the  previous  first  of  April  (the  New  Year's  Day  of  the 
Siamese).  These  statistics,  therefore,  may  be  taken  as  fairly  reliable, 
and  as  showing  the  character  of  the  trade  and  the  stage  of  development 
of  the  people. 

Agriculture* 

A  quantity  of  notes  were  collected  about  agriculture.  Swamp-rice 
(on  the  embankment  system)  and  hill-rice  were  both  grown  as  in  the  West 
Coast  States,  the  latter  especially  in  'jungly '  places. 

In  most  parts  of  the  Peninsula  the  Malays  do  not  habitually  use  the 
sickle,  but  those  who  do  use  it  generally  prefer  to  have  it  furnished 
with  teeth.  Specimens  of  this  instrument  were  obtained,  as  well  as  of  an 
ingenious  variety  which  has  a  long  wooden  crook  springing  from  the  base 
of  the  handle  for  drawing  together  the  heads  of  rice  before  they  are  cut 
with  the  blade.  The  habitual  Malay  (Peninsula)  reaping  knife  consists 
of  a  blade  set  in  a  horizontal  piece  of  wood  which  is  affixed  transversely 
to  a  short  bamboo  stick.  The  rice  is  often  roughly  threshed  by  striking 
the  heads  of  grain  against  the  rungs  of  a  short  ladder  of  about  three  feet 
in  length,  which  is  made  to  lean  against  the  inside  edge  of  a  large  tub, 
but  occasionally  it  is  laid  upon  mats  and  trodden  out  by  buffaloes,  or  in 
smaller  quantities  by  foot.  I  may  add  that  buffaloes  are  similarly  used 
for  breaking  up  the  surface  of  the  ground  before  the  rice  is  planted. 

MetaUwork —  General, 

As  regards  Malay  metal-work,  Mr.  W.  Rosenhain  (late  of  the 
Engineering  Department  of  Cambridge  University)  last  year  read  a 
paper  before  the  Association,  and  more  recently  before  the  Institute,  in 
which  he  touched  upon  various  points  of  Malay  metallurgy  in  which 
his  experience  was  likely-  to  prove  useful.  His  investigations  covered 
a  portion  of  my  notes  upon  Malay  kris- making,  copper  founding,  chain 
making,  and  goldsmith's  work. 

Ironwork. 
A  series  of  specimens  illustrating  the  Malay  method  of  manufacturing 
a  waved  and  damascened  *  kris '  were  collected  at  Trengganu,  together  with 
detailed  notes  of  the  operation  extending  over  three  days,  and  photographs 
of  the  blacksmiths  at  work  in  the  forge.  To  produce  the  damask  a  *  pile ' 
is  made  consisting  of  layers  of  iron  :  this  is  welded  into  a  rod,  and  heated 
and  twisted  into  the  shape  required  for  the  design  of  the  damask  (usually 
some  kind  of  a  scroll).  The  scroll  is  laid  between  other  layers  and  welded 
until  the  edges  of  the  welds  of  the  scroll  appear  through  the  later  layers. 
The  *  waves '  are  produced  by  heating  the  entire  blade  and  then  cooling  it 
with  water  throughout  except  at  the  point  where  a  *  wave '  is  required. 
This  portion  being  still  red-hot  gives  way  on  being  hammered,  and  a 
repetition  of  the  process  with  the  blade  reversed  makes  a  single  complete 
*  wave.'  The  Malay  smith  uses  tool-iron,  and  seldom  if  ever  smelts  him- 
self;  but  in  one  place  I  was  shown  what  I  believe  to  have  been 
telluric  iron  cropping  out  abov^  the  surface  of  the  ground,  and  which  I 
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was  assured  was. formerly  manufactured  into  kitchen  utensils,  though  un- 
fortunately the  smith  had  long  left  the  neighbourhood,  and  I  could  get  no 
further  information  about  it.  The  Malay  smith  makes  all  sorts  of 
weapons  (cliiefly  daggers  and  knives)  as  well  as  agricultural  implements 
(axes  and  hoes). 

Copper-wcrk, 

The  manufacture  of  copper  vessels  which  I  witnessed  in  Kelantan  and 
other  places  is  effected  by  the  cire-perdtie  process,  of  which  my  notes  con- 
tain full  details.  Photographs  were  taken  at  various  stages  of  the 
operation,  and  the  specimens  include  copper  vessels  in  all  stages,  from  the 
making  of  the  mould  to  the  finished  article,  as  well  as  specimens  of  tools 
used  by  the  operator.  An  alloy  of  tin,  which  is  called  by  the  Malays 
*  white  copper '  *  (for  which  it  may  be  merely  an  inferior  trade  substitute, 
in  which  case  the  name  may  be  a  mere  tnidition  of  tuUmeg,  or  ^  tooth - 
and-egg '  metal,  as  it  is  sometimes  called  in  the  trade),  is  cast  by  an  almost 
identical  {cire-perdtie)  process. 

Tin'tDork. 
The  trade  of  the  tinsmith  (which  consists  largely  in  the  making  of  tin 
oil  lamps)  is  almost  exclusively  in  Chinese  hands,  but  certain  branches  of 
it  form  special  industries.  Thus  the  casting  of  chains  to  serve  as 
weights  for  casting  nets  is  a  Malay  industry,  and  is  effected  by  means 
of  a  very  ingenious  mould,  which  after  casting  a  first-  series  of  links 
can  ba  taken  to  pieces  and  reversed  so  as  to  enable  a  second  row  to  be 
cast  through  the  first,  the  combined  series  thus  forming  a  chain.^  Another 
very  important  allied  industry  consists  of  the  meinufacture  of  the  tin 
coins  or  *  cash,'  of  which  every  petty  State  on  the  East  Coast  once  had 
its  own  type,  but  which  are  fast  becoming  obsolete  in  most  localities.  A 
very  interesting  and  important  point  (referred  to  above)  about  the  manu- 
facture of  these  '  cash  '  is  that  they  are  cast  in  the  shape  of  trees,  which 
are  called  <  cash  trees,'  three  specimens  of  which  I  was  fortunate  in  obtain- 
ing  ;  a  fact  which  may  possibly  give  fresh  meaning  to  the  '  shaking  of  the 
pagoda-tree,*  which  was  formerly  so  familiar  a  phrase  with  Englishmen. 

Gold  and  Silver  Smith, 

A  set  of  goldsmith's  tools,  goldsmith's  balance  and  weights,  goldsmith's 
crucible,  and  other  articles  used  in  his  work  were  obtained  for  the  expedi- 
tion, making  a  very  interesting  series.  An  excellent  photograph  of  the 
goldsmith  at  work,  showing  his  small  portable  furnace  and  bellows,  was 
also  taken,  and  details  of  the  methods  ascertained  which  in  this  case  at 
all  events  are  clearly  of  Indian  origin.  The  most  interesting  process  (of 
which  full  notes  were  taken)  was  perhaps  that  of  reddening  the  gold, 
which  is  effected  by  artificial  means,  and  gives  it  a  greatly  enhanced  value 
in  the  eyes  of  Malay  buyers. 

Carpentry  (Houses  and  Boats), 
Photographs  and  notes  were  taken  of  the  building  of  houses  and  of 
boats.  The  information  collected  under  this  latter  head  is  being  incor- 
porated in  a  monograph  upon  the  boats  of  the  Malay  Peninsula  by  Mr.  H. 
Warington  Smyth,  the  material  being  based  upon  my  notes  and  the  large 
collection  of  Malay  boats  and  boat-building  models  now  in  the  Cambridge 
University  Museum. 

'  White  metal.  '  Used;  to  weight  casting  nets. 
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Sheatk-mahing  (Cabinet-work), 
The  making  of  sheaths  and  hilts  (for  knives  and  daggers)  is  a  separate 
industry  about  which  full  details  were  obtained,  together  with  a  complete 
set    of   sheathmaker's   tools,  including  some  very  ingenious  gauges  for 
measuring  the  depth  of  the  hollow  in  a  sheath. 

Pottefy. 

I  saw  in  several  places  the  making  of  the  unburn t  article.  A  poition 
of  clay  is  separated  from  the  heap,  moistened,  and  kneaded  partly  by  foot 
and  partly  by  hand.  When  sufficiently  worked  up  it  is  *  thrown  *  on  the 
wheel,  t.c,  it  is  placed  upon  the  centre  of  the  potter's  wheel,  which  is  a 
species  of  small  turn-table  resting  on  a  finely  polished  hard-wood 
pedestal  or  block  upon  which  it  revolves,  the  lump  of  clay  in  the  centre 
being  moulded  by  hand  as  it  revolves  with  the  wheel.  With  considerable 
difficulty,  owing  to  its  being  thought  an  unlucky  object  to  sell,  I  succeeded 
in  buying  one  of  these  wheels  as  a  specimen,  together  with  the  half- formed 
vessel  then  standing  upon  it.  When  the  shaping  process  is  complete  the 
pots  are  decorated  (the  design  being  partly  printed  by  means  of  the 
stamps  and  partly  traced  according  to  requirements  with  a  small  spatula 
or  pointed  stick),  after  which  they  are  fired  and  piled  in  stacks  in  the  open 
until  the  time  comes  for  their  removal.  Glaze  is  not  used,  but  I  have 
seen  pots  being  painted  with  a  species  of  dark-red  stain  or  '  paint,'  as 
the  Malays  call  it  (made  by  grinding  *a  kind  of  laterite  and  mixing  it 
with  water,  when  it  is  applied  to  the  vessel  *by  way  of  ornament,'  as 
the  Malays  say. 

Hope  and  String  Making. 

A  great  deal  of  rope  and  string  was  being  made  at  Trengganu,  much 
more  than  in  any  other  place  visited  by  the  expedition.  Exhaustive  lists 
of  the  substances  of  which  the  raw  material  was  composed  were  made  in 
more  than  one  locality,  the  processes  investigated,  and  several  kinds  of 
apparatus  used  for  the  twisting  of  the  strands,  one  of  them  a  species  of 
box  with  pins  revolving  in  opposite  directions,  were  purchased. 

Mat  and  Basket  Work, 

A  large  number  of  mats  and  baskets  were  obtained  by  the  expedition, 
but  it  has  not  yet  been  possible  to  do  anything  towards  working  them  out, 
though  Mr.  H.  Ling  Roth  has  kindly  offered  to  undertake  the  former. 
The  mats  which  were  made  by  the  women  were  usually  composed  of 
woven  strips  of  mengkuang  (screw-palm)  or  pandanus  leaf,  the  latter  pro- 
ducing the  finer  article,  but  various  other  vegetable  substances  were  used. 
For  the  mat- work  wall-screens  of  a  house  flattened  stems  of  bamboo  were 
combined  to  form  many  striking  patterns,  whilst  for  the  wall  screens  of  a 
rice  bam  the  flattened  atem  of  a  creeper  was  used.  Mat- work  was  also 
largely  used  for  sails.  When  the  strands,  which  are  made  by  slitting  up 
the  leaves  into  strips  with  a  toothed  instrument,  are  dry  enough,  the 
operator,  sitting  on  the  floor  of  her  house,  presses  down  the  even  strands 
with  her  foot  or  a  ruler- like  implement  constructed  for  the  purpose,  at 
the  same  time  lifting  up  the  odd  strands  under  which  she  proceeds  to  push 
the  even  ones  with  a  species  of  wooden  bodkin.  Many  of  the  sleeping 
mats  we  saw  (e.g,,  those  on  the  Aring  River)  were  of  beautiful  workman- 
ship, and  found  a  ready  market  in  the  East  Coast  States.     Baskets  are 
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made  of  bamboo,  cane,  and  many  other  vegetable  substances,  and  though 
they  are  as  a  rule  made  plain  are  not  unfrequently  (especially  when 
used  for  holding  rice)  decorated  with  tasteful  patterns. 

Spinmng  and  Weaving, 

The  set  of  apparatus  used  for  spinning  and  weaving  forms  one  of  the 
most  valuable  series  brought  back  by  the  expedition.  The  spinning 
industry  is  already  as  nearly  as  possible  obsolete,  being  only  practised  by 
the  poorest  of  the  poor  in  out-of-the-way  jungle  districts,  and  the 
implements  when  seen  had  to  be  purchased  at  sight  for  whatever  their 
owners  would  accept  in  payment,  as  there  was  but  small  chance  of  meeting 
with  them  again.  The  cotton  is  first  passed  through  a  small  hand-mill  or 
gin  (of  which  two  specimens  were  obtained)  for  the  removal  of  the  hard 
black  seeds.  It  is  then  scutched  by  means  of  a  small  bow  (one  specimen 
purchased),  the  string  of  which  was  twanged  with  a  short  piece  of  bamboo 
(also  purchased),  flattened,  and  rolled  a  little  on  a  special  board  with  a 
specially  made  rolling-pin  (both  purchased),  spun  off  on  the  point  of  a 
spinning-wheel  of  the  Indian  (Behar)  type,  and  wound  off  on  to  a  winder 
(purchased),  stretched  on  a  rack  (purchased),  dipped  and  brushed  with 
the  fruit  of  the  nipah-palm  (brushes  purchased),  dyed  and  transferred  to 
the  spools  which  were  hung  on  a  spool-carrier  (also  purchased).  So  far 
as  the  spinning  goes  there  does  pot  seem  to  have  been  any  important 
divergence  from  Indian  methods.  The  warp-laying,  however,  appears  to 
be  done  on  a  system  for  which  I  have  as  yet  failed  to  find  any  parallel. 
In  India  (Dacca)  two  parallel  rows  or  rods  about  four  feet  apart  are 
planted  in  the  ground,  and  the  warp-layer,  holding  a  small  wheel  of  warp 
yam  in  each  hand,  passes  the  latter  over  one  of  the  parts,  and  then  walks 
along  the  rows  laying  down  the  threads  and  crossing  them.  In  parts  of 
Sumatra  this  method  may,  I  believe,  be  seen,  tut  the  Malay  warp-layer  of 
the  Peninsula,  on  the  other  hand,  arran&;es  the  spools  in  an  elongated  frame, 
which  may  be  compared  to  a  ladder,  of  which  the  spools  form  the  steps  or 
rungs.  This  frame  or  spool-ladder  is  suspended  horizontally  from  the 
roof -timbers  of  the  house,  and  on  the  floor  beneath  it  is  deposited  a  second 
frame,  which  consists  of  a  number  of  long  pegs  (probably  corresponding  to 
the  rods  used  by  the  Indian  method),  which  are  fitted  firmly  into  a  couple 
of  boards,  the  distance  between  which  may  be  varied  by  shifting  a  central 
board  which  runs  between  them.  Bound  the  pegs  just  referred  to  the 
warp-threads  are  laid,  the  threads  being  drawn  down  as  required  from  the 
spools  lying  in  the  frame  above  the  warp-layer's  head.  It  will  be 
interesting  to  discover  ^  parallel  to  this  process,  which  is,  I  believe,  widely 
known  among  Malayan  tribes. 

The  Malay  shuttle  again  presents  a  marked  divergence  from  the 
Indian  type,  though  the  methods  of  pattern  making  (by  tying  and  dyeing 
the  threads,  &c.)  appear  to  be  similar  to  Indian  methods,  and  are  identical 
with  those  followed  in  other  parts  of  the  Malay  region,  e.^.,  in  Borneo  and 
Sumatra.  Throughout  the  Siamese-Malay  States  I  collected  specimens 
illustrating  the  various  stages  in  the  process  of  dyeing,  to  diow  the 
arrangement  of  the  threads  in  the  formation  of  the  favourite  Malay 
check -patterns.  In  order  to  complete  the  series  I  purchased  a  Malay 
loom,  with  the  cloth  in  process  of  making,  which  is  now  with  the  rest 
of  the  ethnographical  specimens  brought  back  by  the  expedition.  The 
specimens  also  include  embroidery  and  needlework  frames. 
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Miscellaneous  Industries, 

Other  interesting  industrial  specimens  which  were  obtained  were  (1) 
the  grooved  hard- wood  block  on  which  waxed  cloths  are  polished  by  means 
of  a  cowry  shell,  the  pressure  being  applied  by  a  springy  rod,  the  upper 
end  of  which  is  made  fast  to  one  of  the  roof  timbers  (cowry  shell,  rod,  and 
cloth  also  purchased,  and  photograph  taken  of  operator),  to  which  may  be 
added  (2)  an  oil-press  for  manufacture  of  cocoanut  oil.  (3)  Model  of  a 
sugar-cane  press,  worked  on  an  ingenious  elaboration  of  the  cog- 
principle.  (4)  A  tobacco-cutting  machine.  The  tobacco  leaf  is  pushed 
along  a  species  of  shallow  trough  till  it  reaches  a  hole  (at  the  end  of  the 
trough),  and  is  then  sliced  off  with  a  sharp  knife  as  it  is  pushed  through 
the  hole. 

Of  non-industrial  specimens  I  may  specially  mention  the  sets  of  Malay 
fighting-cock  spurs  and  the  series  of  Malay  instruments  of  music, 
including  Malay  fiddles,  flutes,  and  the  primitive  instruments  made  of 
bamboo  which  are  found  everywhere  among  Jungle  Malays.  I  may  here, 
too,  mention  the  phonographic  records  (so  kindly  undertaken  by  Dr.  Lloyd), 
most  of  which  were  records  of  the  songs  of  the  aborigines,  though  a  few 
were  those  of  Jungle  Malays. 

Prisons  and  InstrttmenU  of  Torture* 

The  system  of  confining  prisoners  in  small  cages  or  kennels  about 
6  feet  by  2  feet  by  6  feet  is  rapidly  becoming  obsolete,  but  still  lingers 
on  in  a  few  localities.  We  brought  away  with  us  most  of  the  typical 
furniture  of  a  Malay  lock-up,  including  the  huge  bamboo  yoke,  or  *  cangue,' 
which  the  prisoner  wears  round  his  neck  on  his  way  to  jail,  and  which 
consists  of  a  couple  of  big  bamboos  about  10  feet  in  length  fastened 
together  with  pins.  In  addition  to  the  cangue  were  obtained  (1)  a  small 
beam  which  served  as  the  local  *  stocks  * ;  (2)  apparatus  for  compressing 
(crushing)  the  thumb  or  great  toe ;  (3)  apparatus  for  compressing 
(crushing)  the  temples,  a  species  of  big  nutcrackers  the  application  of 
which  to  the  victim's  skull  is  said  to  have  been  frequently  fatal ;  (4) 
apparatus  for  strangling  condemned  criminals.  (5)  Photographs  were 
also  taken  of  two  men  who  had  their  hands  and  feet  lopped  off  for  theft, 
as  well  as  of  a  number  of  prisoners  who  were  confined  in  the  kennels  above 
referred  to. 

Ceremonial  Rites  and  Games, 

A  number  of  objects  obtained  by  the  expedition  were  connected  with 
ceremonial  rites,  especially  marriage  and  circumcision,  about  both  of 
which  ceremonies  a  large  body  of  information  was  obtained. 

Games  were  also  carefully  studied,  full  descriptions  of  many  of  them 
being  taken  down  as  they  were  performed. 

Popular  Religion  and  Folklore, 

A  large  number  of  the  specimens  and  notes  collected  fall  under  this 
heading,  and  these  it  is  my  intention  to  compare  with  the  contents  of  my 
book  on  Malay  magic  as  soon  as  the  oppoi-tunity  offers.  The  notes  taken 
may  be  classified  as  follows  : — 

i\)  Folk-tales  and  fables. 

(2)  Specimens  and  notes  relating  to  popular  religion  and  magic. 

(3)  General  mythology  and  superstitions. 
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Of  the  foregoing  (1)  a  small  selection  of  the  best  fables  and  folk-tales 
has  been  made,  and  will  now  shortly  appear,  under  the  auspices  of  the 
University  Press.  It  is  entitled  *  Fables  and  Folk-tales  from  an  Eastern 
Forest.'  (2)  The  notes  on  religious  ceremonies  include  detailed  descrip- 
tions of  the  rites  connected  with  marriage,  adolescence,  and  death  ;  annual 
ceremonies  for  the  expulsion  of  evil  spirits  from  the  vDlages  by  means  of 
spirit-boats ;  invocations  of  the  elephant-spirit,  <&c. ;  hunting,  fishing, 
and  trapping  charms,  and  ceremonies  performed  by  the  medicine-man  both 
for  purposes  of  divination  and  for  the  expulsion  of  evil  spirits  from  sick 
persons  by  means  of  good  ones,  as  well  as  various  spiritualistic  perform- 
ances such  as  the  fish-trap  dance,  which  was  witnessed  in  several  places. 

Other  of  my  notes  describe  the  expulsion  of  evil  spirits  from  inanimate 
objects,  e.g,f  fruit  trees  and  crops,  as  well  as  various  methods  of  working 
upon  nature  by  means  of  *  make-believe,'  e.g.^  by  the  ceremony  of  taking 
the  rice- soul,  by  ceremonies  for  the  production  and  prevention  of  wind 
and  rain,  &?. 

This  latter  class  includes  a  great  many  notes  on  superstitions  about 
natural  phenomena,  birds,  beasts,  &c.,  which  will  be  valuable  for  pur- 
poses of  comparison  with  the  beliefs  held  by  the  West  Coast  Malays. 

Aboriffinea* 

In  order  to  deal  with  my  notes  upon  the  wild  aborigines,  I  have 
planned  the  outlines  of  a  book,  which  I  hope  to  publish  at  no  very  distant 
date,  in  which  they  will  be  incorporated  together  with  much  of  the 
information  previously  collected  by  myself  on  the  same  subject  as  well  as 
that  obtained  from  other  writers.  The  information  collected  during  the 
expedition  consisted  of  notes  on  physical  characteristics,  dress,  ornaments, 
weapons,  hunting  and  fishing,  food  and  cooking,  agriculture  and  arts, 
music,  songs  and  dances,  wedding  and  funeral  ceremonies,  medicinal  and 
other  notes,  mythology  and  superstitions,  magic  and  religion,  vocabularies 
and  language,  and  a  variety  of  similar  subjects. 

A  chapter  on  the  measurements  taken  and  the  physical  characteristics 
of  the  aborigines  is  being  worked  up  by  Messrs.  W.  L.  H.  Duckworth 
and  Laidlaw.  The  phonographic  records  of  their  songs  have  been  sent  to 
Dr.  R.  J.  Lloyd,  of  Liverpool,  the  well-known  phonetician,  who  has 
already  commenced  work  upon  them.  The  vocabularies  and  grammatical 
notes  (the  former  consisting,  I  believe,  of  several  thousand  words)  have 
been  sent  to  Mr.  C.  O.  Blagden,  who  has  kindly  undertaken  to  write  the 
chapter  on  the  language. 

Phrame* 

As  regards  the  Book  of  the  Phrams,  referred  to  in  my  last  report,  I 
regret  to  say  that  I  am  not  yet  able  to  report  much  progress.  The  only 
evidence  as  yet  forthcoming  has  been  of  a  negative  character,  though  it  is 
nevertheless  by  no  means  without  importance.  The  Phram-book  has  been 
examined  by  Dr.  Grierson,  of  the  Linguistic  Survey  of  India,  who  has 
pronounced  it  not  to  be  composed  in  any  Indian  dialect.  What  appears 
to  be  required  for  its  decipherment  is  a  combined  knowledge  of  Siamese 
and  Sanskrit,  or  Pali,  a  combination  which  has  hitherto  proved  not  very 
easy  to  encounter. 
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Silckestef  Excavation, — Report  of  the  Committee,  consisting  of  Mr. 
Arthur  J.  Evans  (Chairman),  Mr,  J.  L.  Myres  (Secretary/), 
and  Mr.  E.  W.  Brabrook,  appointed  to  co^ierate  with  the  Sil- 
Chester  Excavation  Fund  Committee  in  their  Excavations. 

The  Committee  have  to  report  that  the  excavations  at  Silchester  in  1 900 
were  begun  early  in  May,  and  contiaued,  with  the  usual  break  during 
the  harvest,  until  December  4. 

The  excavations  were  confined  to  the  large  area,  containing  in  all 
8. acres,  situated  between  Insula  XII  (excavated  in  1894;  and  Insrala 
XXII  (excavated  in  1899),  and  extending  up  to  the  north  gate  and  town 
wall.  The  area  in  question  contains  four  insula,  which  have  been 
numbered  XXIII  to  XXVI. 

Insula  XXIII  formed  the  northernmost  of  a  series  of  unusually 
large  squares  occupying  the  central  portion  of  the  town.  A  fair-sized 
house  at  the  south-west  corner  was  uncovered  by  the  late  Rev.  J.  G. 
Joyce  in  1865  ;  the  recent  excavations  have  revealed  an  additional  series 
of  chambers  on  the  north-east.  Another  house  of  large  size  with  several 
mosaic  pavements  was  also  uncovered  on  the  east  side  of  the  insula,  and 
in  the  mouth  of  its  courtyard  was  a  small  square  building  which  may 
have  been  devoted  to  sacred  purposes.  This  had  been  built  up  round  a 
small  and  earlier  structure  oi  the  same  character.  The  other  traces  of 
buildings  in  this  insula,  despite  its  size,  were  singularly  scanty,  but  the 
rubbish  pits  and  wells  were  unusually  productive  in  objects  of  interest. 
In  pottery  these  yielded  upwards  of  a  hundred  whole  vessels  of  all  kinds 
and  sizes,  and  from  one  of  the  wells  was  recovered  another  great  hoard 
of  iron  tools,  mostly  a  smith's,  similar  to  that  found  in  1890  in  Insula  I, 
but  considerably  larger  numerically. 

Insula  XXIV  forms  a  long  and  narrow  triangular  strip,  bounded  on 
the  north  by  the  town  wall  and  its  bank.  Such  strips  have  hitherto 
proved  more  or  less  empty  of  buildings,  but  in  this  case  it  contained  two 
houses,  one  of  which  was  of  large  size  and  of  exceptional  interest  from 
the  peculiarity  of  its  plan  and  the  number  of  mosaic  floors  in  it. 

Insula  XXV,  a  small  triangular  area  next  the  north  gate,  contained 
only  two  small  structures,  apparently  connected  with  dyeworks. 

Insula  XXVI,  though  of  some  size,  had  in  it  at  least  two  houses  : 
a  small  one  on  the  west,  and  another  in  the  south-east  quarter  which 
was  partially  uncovered  by  Mr.  Joyce  in  1866.  Its  complete  plan  has 
now  been  revealed.  There  are  also  traces  of  a  ruined  house  near  the 
south-west  angle.  Besides  the  houses.  Insula  XXVI  contained  traces 
of  at  least  three  other  structures.  One  of  them  was  represented  by  a 
solid  circular  platform  with  a  cement  floor  27  feet  in  diameter,  enclosed 
apparently  by  woodwork  or  half-timbering.  The  pit  and  wells  in  this 
insula  were  few  in  number,  and  yielded  few  objects  of  interest. 

Taken  as  a  whole,  the  results  of  the  season's  work  were  fully  up  to 
the  average,  both  in  the  character  of  the  buildings  uncovered  and  the 
variety  and  number  of  objects  found  in  and  about  them.  The  quantity 
of  pottery  and  the  hoard  of  smith's  tools  are  also  quite  exceptional 
The  objects  in  bronze,  bone,  <bc.  also  include  many  interesting  things. 

The  coins  found  were  as  numerous  ajs  usual,  but  not  very  important. 

A  detailed  account  of  all  the  discoveries  was  laid  before  the  Society  of 
Antiquaries  on  May  23,  1901,  and  will  be  published  in  <  Archseologia.' 
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A  special  exhibition  of  the  antiquities,  &c.,  found  was  held,  as  in 
former  years,  at  Burlington  House  by  kind  permission  of  the  Society  of 
Antiquaries. 

The  statement  of  accounts  for  the  year  1900  shows  a  totiJ  expendi- 
ture of  557^.  35.  7d, 

It  is  proposed,  during  the  current  year,  to  excavate  a  strip  of  ground 
east  of  InaulcB  XXI  and  XXII,  and,  if  possible,  to  begin  the  systematic 
exploration  of  the  grass  field  in  the  centre  of  the  town.  The  Committee 
therefore  ask  to  be  reappointed,  with  a  further  grant. 


Anthropological  Plwtogrwphs. — Interim  Report  of  the  Coin/mttee,  con- 
dstv/i^  of  Mr.  C.  H.  Read  (Chairman),  Mr.  J.  L.  Myres 
(Secretary),  Mr.  H.  Balfour,  Professor  Flinders  Petrie,  Dr. 
J.  G.  Garson,  Mr.  E.  S.  Hartland,  and  Mr.  H.  Lmo  Roth, 
appointed  for  the  Collection,  Preservation^  amd  Systematic  Registrar 
tion  of  Photographs  of  Anthropological  Interest. 

The  Committee  report  that  further  progress  has  been  made  in  the 
collection  and  registration  of  photographs  of  anthropological  interest,  and 
that  a  first  list  of  photographs  is  in  course  of  preparation.  The  Com- 
mittee ask  to  be  reappointed,  with  the  balance  in  hand  from  the  former 
grant  of  10/. 
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Tlie  Age  of  Stone  Circles. — Beport  of  the  Committee,  consisting  of 
Dr.  J.  G.  Garson  (Chairman)^  Mr.  H.  Balfour  (Secretary)^  Sir 
John  Evans,  Mr.  C.  H.  Read,  Profeesor  R.  Meldola,  Mr.  A.  J. 
Evans,  Dr.  R.  Munro,  ProfeBsor  Boyd  Dawkins,  and  Mr.  A.  L. 
Lewis,  appoinied  to  conduct  Explorations  with  the  object  of  Ascer^ 
iaining  the  Age  of  Stone  Circles.     (Drawn  up  by  the  Chairman.) 

The  Committee  have  to  report  that  after  careful  consideration  of  the 
yarious  stone  circles  in  different  parts  of  the  country  that  of  Arbor  Low 
in  Derbyshire  was  fixed  upon  as  the  most  convenient  and  suitable  fbr  the 
exploration  which  the  grant  at  their  disposal  would  permit  of  being 
undertaken,  a  well  marked  ditch  and  rampart  surrounding  it,  while  the 
circle  itself  is  fairly  complete  as  regards  the  stones  forming  it,  although 
none  of  these  ai*e  now  standing.  The  consent  of  the  ground  landlord, 
the  Duke  of  Rutland,  was  freely  given  for  the  exploration,  as  was  also  that 
of  the  First  Commissioner  of  Works,  under  whose  care  the  circle  is  placed 
as  an  ancient  monument  under  the  Act  of  Parliament.  The  tenant  of 
the  farm,  Mr.  Warrilow,  likewise  readily  acquiesced  in  the  project.  The 
Committee  were  fortunate  enough  with  the  consent  of  the  chairman  and 
committee  of  the  Taunton  Museum  to  secure  the  services  of  Mr.  H.  St. 
George  Gray,  the  curator  of  that  museum,  who  has  had  much  experience, 
acquired  under  the  late  General  Pitt- Rivers,  to  direct  the  exploration. 
Finally,  through  the  kindness  of  Mr.  A.  Pitt- Rivers,  the  excellent 
apparatus  used  by  his  father  in  his  excavations  was  placed  at  their  dis- 
posal. To  one  and  all  of  these  gentlemen  the  best  thanks  of  the 
Committee  are  due  for  the  part  they  have  taken  in  facilitating  the  exami- 
nation of  this  important  and  interesting  monument  of  antiquity. 

The  following  is  the  report  submitted  to  the  Committee  by  Mr.  Gray 
which  gives  an  account  of  the  work  conducted  by  him,  after  which  follow 
reports  by  Mr.  H.  Balfour  on  the  stone  implements  found,  and  by  Dr. 
Garson  on  the  human  remains. 

On  the  Excavations  at  Arbor  LoWy  August  1901. 
By  H.  St.  George  Gray. 

Arbor  Low  is  situated  in  one  of  the  most  sparsely  inhabited  districts 
of  Derbyshire,  in  the  parish  of  Bakewell,  from  which  town  it  is  4|  miles 
distant  in  a  south-westerly  direction  as  the  crow  flies.  The  nearest 
railway  station  is  Parsley  Hay,  one  mile  to  the  west,  on  the  new  Buxton 
and  Ashbourne  Railway.  Hartington  is  2|  miles  to  the  S.W.  of  Arbor 
Low,  Ikl  iddleton  2\  miles  to  the  east,  and  Monyash  2  miles  to  the  north. 
The  monument,  which  is  situated  on  a  long  ridge  of  hill  nearly  1,200 
feet  above  the  sea-level,  commands  a  most  extensive  view  towards  Buxton 
and  Bakewell,  in  a  northerly  and  easterly  direction. 

Preliminary  arrangements  having  been  made  and  the  workmen  having 
been  directed  to  remove  turf  in  various  places,  the  flrst  thing  to  do  was 
to  begin  a  complete  survey  of  the  monument.  A  square  (98  metres  =  820 
feet  on  each  side)  was  formed  round  the  vallum,  enclosing  an  area  of 
about  2^  acres,  and  the  plan  of  the  stones  was  commenced  at  a  scale  of 


Digitized  by 


Google 


428  REPORT— 1901. 

240  to  1  (=20  feet  to  an  inch).  The  exact  position  of  each  stone  was 
taken  by  means  of  bearings  and  triangulation  from  fixed  points,  checked 
bj  cross-measurements.  The  plateau  on  which  the  megaliths  lie  is 
encompassed  by  a  fosse,  and  averages  about  49  metres  in  diameter.  The 
figure  formed  by  the  circle  of  stones  is  pear-shaped,  the  top  of  the  pear 
to  the  south-east,  the  point  to  the  north-west.  It  consists  of  rough 
unhewn  stone  slabs  of  mountain  limestone,  of  which  many  of  the  largest 
average  3  metres  in  length  by  1™*40  in  breadth  :  they  are  of  variable 
thickness,  extremely  irregular  in  form,  and  some  are  fractured  ;  they  all, 
with  one  exception,  lie  upon  the  ground,  many  in  a  somewhat  oblique 
position,  all  more  or  less  recumbent.  The  weathering  of  their  surfaces, 
the  cleavage,  the  *  pot-holes '  in  them,  are  intensely  interesting,  especially 
to  the  geologist.  In  giving  numbers  to  the  stones  (Nos.  I.  to  XLVl., 
in  the  plan)  there  is  no  pretension  made  to  count  the  original  number  of 
the  stones  as  put  into  position  by  the  constructors  of  the  monument  ; 
they  are  simply  numbered  to  facilitate  reference  and  to  distinguish 
one  from  another  in  describing  them.  Some  of  the  very  small  stones 
and  stumps  have  been  numbered  separately  (Nos.  1  to  13).  The 
position  and  slope  of  the  stones  individually  are  extremely  varied  : 
the  majority  lie  in  shallow  depressions,  although  some  are  quite  on  a 
level  with  the  general  turf  line  ;  others,  again,  are  surrounded  by  slight 
mounds,  the  turE  in  many  cases  growing  round  and  over  the  sides  of  the 
stones.  The  longest  stone  is  in  the  centre  of  the  circle  (No.  II.),  which 
measures  4™*57  in  length,  whilst  the  widest  is  also  in  the  centre  (No.  IX 
2™-44  in  width.  The  largest  stone  in  the  circle  is  No.  X.,  the  lengtn 
of  which  is  3™-96,  and  the  width  l™-83.  There  is  one  exception  to  the 
stones  being  recumbent,  and  that  is  No.  XYI.,  on  the  west  side,  which 
leans  towards  the  north-east  at  about  35^  or  40^  with  the  surface  of  the 
surrounding  turf  :  it  stands  at  its  highest  part  1™'06  from  the  ground. 
It  would  be  desirable  to  excavate  round  some  of  the  stones  of  the  circle 
to  endeavour  to  find  holes  in  which  these  monoliths  may  have  originally 
stood.  This  kind  of  thing  has  been  done  in  the  exploration  of  circles 
on  Dartmoor.  Dr.  Pegge  mentions  an  old  man  who  saw  some  of  the 
stones  standing,*  and  Mr.  Bateman  another.*  Glover,  in  his  *  History 
of  the  County  of  Derby, ^  mentions  a  third,  and  tersely  adds  that  '  this 
secondary  kind  of  evidence  does  not  seem  entitled  to  much  credit.' 

The  published  plans  of  Arbor  Low  are  for  the  most  part  far  from 
correct,  Sir  J.  G.  Wilkinson's  plan  being  the  only  exception.*  In  this 
small  plan  the  position  of  the  circle  of  stones  is  fairly  correct,  although 
there  are  several  discrepancies  in  the  proportional  sizes  of  the  stones,  and 
the  central  group  should  be  a  few  feet  further  north-west  and  west. 

The  area,  or  plateau,  enclosed  by  the  fosse  presents  a  very  uneven 
surface,  but  the  contours  across  this  part  of  the  plan  have  been  delineated 
to  follow  the  general  slope  of  the  ground,  and  not  to  mark  every  little 
depression  or  slight  elevation  as  it  occurred.  The  contours,  of  0*5  foot 
(15  cm.)  vertical  height,  show  the  shape  of  the  monument  and  its 
immediate  surroundings  within  the  '  square.'  The  highest  contour  comes 
on  the  top  of  the  tumulus  on  the  south-east  rampart  (opened  by  Bate- 
man), the  lowest,  at  the  northern  corner  of  the  survey,  showing  a  fall  of 
7°^'47  in  the  ground  from  top  to  lowest  part.     It  is  not  unusucd  to  take 

'  Arohtsologiat  vol.  vli.  pp.  131-148. 

*  Jowrn,  Brit  Arch.  Aitoe.,  vol.  xvi  p.  116. 

»  Published  in  1829,  yol.  1.  p.  275.        *  Joum.  Brit.  Arch.  Astoc,  vol.  xvi.  pi.  9. 
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levels  on  fixed  lines  giving  contours  of  1  or  2  feet  (30*5  or  61  cm.)  vertical 
height,  and  to  fill  in  intermediate  15-2  cm.  (6-inch)  contours  by  the  eye ; 
but  to  ensure  absolute  precision,  to  show  the  little  knolls  and  depressions 
on  the  vallum  at  the  south-west,  north,  and  east,  to  mark  the  irregu- 
larities made  by  Bateman  on  the  summit  of  the  tumulus,  to  indicate  the 
little  dyke  running  in  a  southerly  direction  from  the  vallum — it  was 
desirable  that  all  the  6-inch  contours  should  be  surveyed  severally,  which 
entailed  the  necessity  of  taking  some  eighteen  hundred  levels  ! 

The  periphery  of  the  crest  of  the  vallum  constitutes  almost  a  true 
circle,  with  a  diameter  of  exactly  76"*25,  as  shown  by  the  outer  circle 
described  on  the  plan.  The  centre  of  this  circle  comes  near  the  middle  of 
the  south-western  side  of  stone.  No.  III.  of  the  central  group.  The  crest 
of  the  vallum  deviates  very  slightly  in  any  part  from  the  true  circle 
excepting  on  the  north-west,  where  it  bulges  out.  The  bottom  of  the 
fosse,  as  seen  on  the  surface  of  the  silting,  declines  from  the  line  of  the 
true  circle  far  more  than  the  rampart,  as  shown  by  the  inner  circle 
described  on  the  plan,  with  a  diameter  of  58  metres  ;  the  only  segment  of 
this  circle  that  can  be  said  to  be  true  is  on  the  south,  south-west,  and 
west.  The  ditch  is  thrown'  out  far  more  than  the  rampart  to  the  north 
and  north-west ;  but  it  would  not  be  expected  to  find  that  the  fosse  silted 
up  regularly  and  symmetrically  all  round,  whereas  the  crest  of  the  ram- 
part, of  course,  is  much  about  in  the  same  position  as  it  was  at  the  age  of 
construction. 

The  ditch  was  marked  by  a  depression  from  the  original  surface  all 
round  averaging  1™*37,  and  it  is  surprising  that  in  the  course  of  all 
these  ages  it  should  not  have  silted  up  to  a  greater  extent ;  had  the  monu- 
ment been  situated  in  a  chalk  district,  the  ditch  would  probably  have 
been  indicated  by  a  much  shallower  depression  on  the  surface. 

The  average  height  of  the  vallum  above  the  general  surrounding  turf- 
level  is  l«-83  (6  feet)— Dr.  Brushfield  states  16  feet,  i.e.,  4"-88.*  Judging 
from  those  portions  of  the  ditch  already  excavated,  the  material  obtained 
from  the  fosse  when  it  was  first  excavated  was  not  enough  to  form  the 
vallum,  but  the  construction  of  the  latter  will  be  mentioned  later  on 
when  dealing  with  the  excavations.  The  confines  of  the  rampart  are 
bounded  at  various  points  by  ten  small  Governmental  stones.  The  fosse 
and  vallum  are  interrupted  on  the  north-west  and  south-east  by  the 
entrance  causeways,  which  are  not  in  line  with  the  central  group  of 
stones.  The  causeways  are  on  the  same  general  level  as  the  area  occupied 
by  the  megaliths  and  the  surrounding  land.  The  circumference  of  the 
rampart,  including  the  entrances,  is  about  246  metres. 

The  vallum  is  joined  on  the  south-west  by  a  slightly  raised  bank — 
about  30  cm.  in  height— and  an  almost  imperceptible  ditch,  which  runs 
for  some  distance  in  a  southerly  direction.  It  would  be  desirable  to  cut 
a  section  or  two  across  this  so-called  '  serpent,'  to  ascertain  if  it  is  of  the 
same  date  of  construction  as  Arbor  Low  itself,  or  more  recent. 

On  the  south-east,  adjoining  the  external  face  of  the  vallum  and  partly 
resting  on  it,  a  tumulus  stands,  the  summit  some  2™*13  above  the  sur- 
rounding turf  level.  'Between  1770  and  1824  three  unsuccessful 
attempts  had  beenjraade  to  discover  an  interment,  but  a  fourth,  made  by 
Mr.  T.  Bateman  on  May  23,  1845,  resulted  in  its  discovery.  About 
46 'cm.  above  the  natural  soil  a  large  slab,  1"*52  broad  by  91*5  cm.  widoj 

»  Jmrfi.  Brit,  Arch,  Assoc,  1900,  p.  129. 
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was  found  to  be  the  cover  to  a  six-sided  cist,  constructed  of  ten  pieces  of 
limestone  of  different  sizes  placed  on  end,  and  having  a  floor  formed  of 
three  other  pieces,  these,  like  the  rest,  being  untooled.  No  soil  had  pene- 
trated the  cist,  and  its  original  contents  had  been  undisturbed.  These 
consisted  of  two  small  urns  (one  11*4  cm.  and  the  other  12  cm.  high), 
calcined  human  bones,  a  bone  pin,  a  small  flint  weapon,  and  a  pieoe  of 
iron  pyrites.'  ^  Mr.  Bateman  never  took  the  trouble  to  fill  in  his  excava- 
tion properly,  the  result  being  that  five  little  knolls  exist  round  the  top  of 
the  tumulus  bounding  a  rather  deep  depression  in  the  centre.  In  addition 
to  this  he  threw  some  of  his  rubbish  into  the  ditch,  as  indicated  by  the 
contours  on  the  plain.  The  formation  of  this  tumulus,  which  is  probably 
of  somewhat  later  date  than  the  vallum,  has  caused  a  gap  to  occur  in  the 
vallum  on  either  side  of  the  mound.  There  is  also  another  irregularity 
in  the  form  of  the  rampart  to  the  north  of  the  tumulus,  caused  by  a  kind 
of  spur  which  extends  half-way  across  the  fosse. 

The  photographs  of  the  diggings  on  the  whole  are  not  quite  satis- 
factory, although  some  of  them  could  not  well  have  been  better  under  the 
circumstances,  unfavourable  weather  prevailing  at  least  for  one-third  of 
the  time.  The  photographs  of  some  of  the '  finds,'  the  skeleton,  and  skull 
portray  the  originab  excellently. 

Excavations. — ^The  excavations  were  commenced  on  August  8,  1901, 
by  making  a  cutting  through  the  ditch,  3"-66  wide,  close  up  to  the 
south-eastern  causeway  (called  Section  1).  Roman  remains  were  looked 
for  under  the  turf,  but  without  success.  The  silting  was  re-excavated 
30  cm.  at  a  time  as  far  as  practicable.  Strewn  on  the  limestone  floor  of 
the  ditch  thirteen  teeth  of  ox  were  found,  and  on  the  bottom  in  the 
north-west  corner  of  the  cutting,  at  a  depth  of  1"**65  from  the  surface 
(2  on  plan  and  section),  pieces  of  red  deer's  antler — one  piece  38  cm. 
long — were  found  resting  on  a  solid  vein  of  cjay  (running  between  the 
limestone),  which  traversed  the  bottom  of  the  ditch  obliquely  and  con- 
tinued both  ways  in  south-easterly  and  north.- westerly  directicms.  It 
appears  probable  that  this  may  have  been  used  as  a  kind  of  pick  for 
loosening  the  previously  fractured  limestone  at  the  time  the  ditch  was 
first  excavated,  in  the  same  manner  as  the  antlers  of  the  Stone  Age 
described  by  Canon  Greenwell  in  Grimes  Graves.^  Fifteen  fragments  of 
antlers  of  red  deer  were  found  by  General  Pitt- Rivers  at  the  bottom  of 
the  ditch  of  Wor  Barrow,  Handley  Down,  Dorset,  amongst  Stone  Age 
relics.^  Nothing  else  was  found  in  Section  1,  which  was  the  deepest  part 
of  the  fosse  re  excavated  ;  greatest  depth  1"^*65.  The  filling  consisted  of 
turf  and  turf  mould,  15  cm. ;  mould  mixed  with  small  pieces  of  chert, 
46  cm.  followed  by  a  stiff  clayey  mould  to  the  bottom.  The  nature  of 
this  latter  is  well  shown  by  the  pick-marks  in  the  photograph.  The 
hard  stone  sides  of  the  ditch  and  causeway  were  exposed. 

Sections  2  and  3  were  next  commenced.  Section  3  was  a  cutting, 
3"*05  wide,  made  across  the  ditch,  midway  between  Section  1  and  the 
north-west  causeway.  The  silting  was  very  soon  removed  in  this  case, 
the  uneven  limestone  floor  being  found  at  a  maximum  depth  of  55  cm. 
and  a  minimum  depth  of  33  cm.  from  the  surface  of  the  silting.  Tho 
vallum  at  this  point  was  particularly  high.     Three  stone  implements  were 

1  From  Dr.  Broshfields  paper,  Journ.  Brit.  Arek,  Aisoc.^  vol.  vi.,  oevr. series, 
1900,  p.  134. 

'  Journ.  Ethnological  Sooiety,  voL  ii.  p.  426. 

'  Eatdavations  in  Cranbome  Chate,  vol.  iv.  p.  133. 
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found  in  this  cutting.  At  *  3  '  on  plan  and  section,  at  a  depth  of  36  cm. 
a  rudely  chipped  pointed  stone  implement  (1  spear-head),  having  a  plano- 
convex cross- section,  length  61  mm.,  greatest  width  44  mm.  ;  at  *6  'a 
worked  flake  of  hlack  flint  with  fine  secondary  chipping  at  a  depth  of 
15  cm  ;  and  at  *  7,'  at  the  same  depth,  a  chipped  end-scraper  of  greyish 
flint :  this  implement  is  of  the  long  narrow  variety,  with  a  notch  on 
both  sides.  At  Section  2,  about  4™'88  to  the  west  of  the  north-western 
causeway,  another  cutting,  3"*05  wide,  was  made  through  the  ditch  and 
the  rampart  The  vallum  was  chosen  at  this  point,  as  it  presented  an  even 
surface,  and  being  comparatively  low  and  narrow  it  would  not  entail  so 
much  labour  in  removing.  No  relics  were  found  in  this  cutting,  except 
a  small  doubtfully  artificial  stone  scraper  picked  up  on  the  *  old  surface 
line '  (4  on  plan  and  section).  The  absence  of  relics  in  this  section  was 
very  disappointing.^  The  cutting,  however,  was  of  value  in  showing  the 
material  out  of  which  the  vallum  was  constructed  and  has  been  plotted  in 
section,  on  the  scale,  of  60  to  1.  Measuring  from  the  crest  of  the  rampart 
downwards,  the  soils,  <kc.,  occurred  as  follows  :— (1)  Turf  and  turf  mould 
15  cm.  ;  (2)  rough  pieces  of  thin-bedded  limestone  mixed  with  a  little 
mould,  98  cm.  ;  (3)  band  of  small  pieces  of  chert  with  a  little  mould, 
9  cm. ;  (4)  yellowish-brown  clayey  mould,  15  cm  ;  (5)  *old  surface  line' 
of  dark  brown  mould,  9  cm. ;  (6)  light-yellowish  brown  sand.  The 
greatest  depth  of  the  ditch  in  this  section  was  76  cm.,  and  it  was 
tilled  to  the  bottom,  below  the  turf  mould,  with  mould  mixed  with 
small  pieces  of  chert.  This  part  of  the  ditch  having  been  laid  bare,  the 
re-excavation  of  the  ditch  was  continued  from  this  point  in  the  direction 
of  the  north-west  causeway,  the  hard  stone  sides  of  which  were  found. 
As  stone  relics  were  more  numerous  here,  and  the  bottom  of  the  ditch 
was  far  more  irregular  than  in  Sections  1  and  3,  surveys  were  made  in 
various  directions,  and  have  been  plotted  to  a  scale  of  60  to  1.  The 
average  depth  of  the  ditch  here  was  91*5  cm.  from  the  surface,  and  the 
nature  of  the  filling  was  the  same  as  in  Section  1.  The  following  is  a  list 
of  the  finds  in  this  part,  called  *  Ditch  Extension,  Section  2.'  The 
numbers  tally  with  those  on  the  plan  and  in  sections. 

5.  Small  flint  flake,  with  fine  secondary  chipping ;  depth  21  cm. 
8.  Stone    scraper,   with  bevelled    edge,    36   mm.   in    width ;   depth 
36  cm. 

10.  Outside  flake  of  flint,  with  secondary  chipping  in  two  places  • 
depth  24  cm. 

11.  Flint,  chipped  along  the  edge  ;  depth  24  cm. 

12.  Two  pieces  of  chert,  with  secondary  chipping  (?) ;  depth  43  cm, 

1 3.  Flint  flake,  with  serrated  edge  ;  depth  46  cm. 

14.  Small  narrow  scraper  of  flint,  worked  all  round  edges ;  depth 
43  cm. 

15.  Large  flint  scraper,  of  pale  bluish-grey  colour,  with  chipped 
bevelled  semicircular  edge  and  pointed  end  ;  plano-convex  cross-section  • 
depth  70  cm.,  near  the  bottom  of  the  ditch.  ^ 

17.  Six  flakes  of  white  flint,  mostly  of  exceptionally  large  size,  found 
together,  in  the  ditch  at  a  depth  of  82  cm.  from  the  surface,  on  a  led^^e 

»  GeDersl  Pitt- Elvers  once  cut  four  sections,  10  feet  wide,  through  the  rampart 
and  ditch  of  a  Bronze  Age  encampment  without  finding  a  relic  worth  mentionioe  • 
but  he  did  not  despair,  and  forthwith  commenced  to  dig  away  the  rampart  and 
ditch  all  round,  being  rewarded  by  finding  bronze  implements  and  much  pottery 
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on  solid  side  of  causeway  in  the  north-east  corner  of  the  ditch  extension. 
Section  2.  These  flakes  must  have  been  placed  on  the  ledge  and  for- 
gotten, eventually  becoming  buried  in  the  silting. 

Just  to  the  west  of  this  ledge  a  small  oval-shaped  hole  in  the  lime- 
stone floor  of  the  ditch  was  found,  filled  with  a  stiff  clayey  mould,  but 
no  relics  were  found  in  it.  Other  doubtfully  artificial  pieces  of  flint 
and  chert  were  found  in  this  excavation,  some  of  which  need  to  be 
examined  by  the  geologist  as  well  as  the  archieologist :  they  have  been 
preserved.  The  only  animal  remain  found  here  was  a  tooth  of  sheep ; 
depth  at  21  cm. 

The  excavations  made  in  the  fosse  revealed  nothing  but  early 
Neolithic  chipped  stone  implements,  the  majority  of  which  were  found 
below  the  30  cm.  level  from  the  surface.  It  would  be,  however,  some- 
what rash  to  state  on  these  grounds  alone  that  the  ditch  was  undoubtedly 
of  Stone  Age  construction,  although  the  evidence  certainly  points  in  that 
direction,  for  only  a  comparatively  small  portion  of  the  whole  fosse  at 
Arbor  Low  has  been  explored  ;  in  fact,  only  one-twelfth  part.  It  would 
be  safe  to  assign  the  construction  of  Arbor  Low  to  a  definite  age,  if, 
say,  one-fourth  part  of  the  fosse  were  re-excavated ;  and  the  somewhat 
inconclusive  nature  of  the  evidence  at  present  seems  to  point  to  the 
desirability  of  further  excavations  being  made  in  the  most  systematic 
and  skilled  manner  possible. 

Before  leaving  the  ditch  it  should  be  stated  that  its  average  width  at 
the  parts  already  excavated  is  6™ '40,  and  the  average  depth  of  re- 
excavated  ditch  beneath  surface  of  silting,  l™-98. 

The  remainder  of  the  time  and  funds  were  expended  in  trenching 
down  to  the  undisturbed  rock  in  the  centre  of  the  circle,  between  the  two 
large  stones,  Nos.  I.  and  II.,  and  further  in  an  easterly  direction.  The 
area  excavated,  which  covered  a  very  irregular  surface,  measured  10°>'67  by 
2°^*12,  and  is  marked  on  the  contouiHdd  plan.  To  the  west  a  stump  (No.  13) 
was  found  under  the  turf  standing  in  a  leaning  position  towards  the  north- 
east. At  *  19,'  the  only  fragment  of  pottery  was  found  at  a  depth  of  15  cm., 
just  under  the  turf  :  it  consisted  of  a  fragment  of  rim  of  Romano-British 
pottery,  grey  on  the  outside  and  brick-red  on  the  inside.  Close  to  and 
between  Stones  L  and  II.  (20  on  plan),  a  small  chipped  flint  implement — 
length  33  mm.,  width  28  mm. — approaching  a  leaf- shaped  arrowhead  in 
form,  was  found  at  a  depth  of  27  cm.  :  it  has  a  bi-convex  cross-section. 

The  primary  idea  in  making  this  excavation  was  to  see  whether  holes 
could  be  found  in  which  Stones  I.  and  II.  originally  stood ;  but  no  holes 
were  found  between  these  stones  ;  in  fact,  the  undisturbed  ground  in  this 
part  was  struck  at  about  52  cm.  from  the  surface.  To  the  east  of 
Stones  III.  and  IV.  there  were  signs  on  the  surface  of  this  part  having 
been  excavated  before  (in  somewhat  recent  times).  The  rock  was 
reached  here  at  very  variable  depths,  and  at  the  extreme  east  an  excava- 
tion 2™*40  deep  was  made  before  the  undisturbed  ground  was  struck. 
The  hole  was  filled  with  rich  mould  mixed  with  a  little  chert.  No  relics 
were  found,  except  a  fragment  of  human  ulna  (9  on  plan)  at  a  depth  of 
15  cm.  It  is  possible  that  a  skeleton  or  skeletons  may  have  been  removed 
from  here,  and  that  this  ulna  was  lost  in  the  filling  in.  If  this  part  had 
been  excavated  before  there  were  no  signs  of  the  ground  having  been 
disturbed  to  the  west  of  the  small  stone.  No.  IV.  Here,  close  to 
Stone  III.,  a  human  skeleton  was  discovered  ;  the  middle  of  his  body  (a 
fully  adult  male)  was  situated  1™'83  to  the  south-east  of  the  centre  of  the 
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circle.  It  was  discovered  on  August  16,  but  as  Mr.  Henry  Balfour  was 
expected  to  visit  the  diggings  next  morning,'  the  men  were  directed  to 
cover  it  up.  Next  morning  the  skeleton  was  uncovered  and  cleared  in 
order  that  it  might  be  photographed  in  situ.  It  was  an  extended  inter- 
ment, the  skull  being  at  a  depth  of  only  36  cm.  from  the  surface.  The 
skull,  which  was  much  crushed  and  weathered,  was  found  on  removal  to 
be  in  forty  to  fifty  pieces ;  some  of  the  facial  portions  and  sides  had 
unfortunately  decayed,  so  that  its  restoration  could  not  be  made  quite 
complete ;  the  lower  jaw  was  not  present.  Other  parts  of  the  skeleton 
were  missing,  including  the  condyles  of  the  femora,  the  tibiae  and  fibul®, 
one  patella,  the  feet,  and  hands.  The  end  of  the  left  femur  came  close 
to  the  south-east  comer  of  Stone  No.  III.  The  skeleton,  which  was 
buried  in  pure  mould,  lay  on  the  back,  with  the  face  turned  slightly  to 
north  east,  and  was  surrounded  by  large  blocks  of  stone  built  up  on  the 
south,  west,  and  north  sides  to  within  a  few  centimetres  of  the  surface  ;  the 
ends  of  all  the  long  bones  were  much  decayed,  the  head  was  to  the  south- 
south-east  ;  the  bearing  along  vertebral  column  was  164|°  S. ;  the  length 
from  the  top  of  skull  to  the  lower  end  of  femora  was  1™*19. 

The  approximate  length  of  the  left  femur  is  about  453  mm.,  which 
gives  a  stature  (by  Rollet's  method)  of  l™-66.  This  is  above  the  average 
of  a  Stone  Age  man,  and  below  that  of  a  Bronze  Age  man.^  The  skull 
has  been  restored  as  far  as  possible,  and  turns  out  to  be  mesati- 
cephalic,  or  medium-headed,  with  a  cephalic  index  of  about  78*0  ; 
80  that  this  interment  appears  to  be  of  later  date  than  the  construction 
of  Arbor  Low,  but  how  much  later  it  is  difficult  to  say,  no  relics  having 
been  found  with  the  skeleton.  Dr.  Garsou  will  no  doubt  make  a  report 
on  the  skull ;  and  as  the  meatus  auditorius  is  present  on  both  sides,  and 
the  basion  also,  the  majority  of  the  usual  measurements  can  be  taken. 

At  77°*'80  to  the  east  south-east  of  the  centre  of  the  monument  is 
a  small  tumulus  which  appears  to  have  been  reduced  in  height  owing  to 
agriculture.  As  this  may  probably  be  connected  with  Arbor  Low  it  has 
been  surveyed  to  a  scale  of  120  to  1,  with  contours  of  6  cm.  vertical 
height.  A  cutting  was  commenced  on  the  north  ;  but  as  mould  was 
found  to  extend  down  to  a  depth  of  1™'68  in  places,  and  it  promised  to 
be  rather  a  large  undertaking  when  funds  were  nearly  exhausted,  the 
work  had  to  be  relinquished,  at  any  rate  for  the  present.  One  flake  was 
found  near  the  surface. 

Dr.  Brushtield's  opinion,  expressed  two  years  ago,  as  regards  the 
probable  age  of  Arbor  Low  was  that  the  monument  belonged  to  the 
Early  Neolithic  Age.  Judging  from  the  nature  of  the  relics  already 
discovered  and  their  positions,  there  is  some  reason  for  referring  it  to  at 
least  some  part  of  the  Neolithic  period  ;  but  the  evidence  deduced  can 
scarcely  bo  regarded  as  conclusive,  and  we  can  hardly  consider  the 
problem  as  to  the  date  of  construction  decisively  solved  as  yet.  Neither 
has  the  original  position  of  the  central  group  of  stones  been  determined. 
One  thing,  however,  is  certain,  that  Arbor  Low  has  been  used  as  a  place 
of  sepulture. 

'  Mr.  A.  L.  Lewis  visited  the  excavations  on  August  9«  and  Dr.  Garson  on 
Aogofit  22. 

'  The  secondary  interments,  Romano- British,  in  Wor  Barrow  (Stone  Age), 
Handley  Down,  Dorset,  averaged  1">'65L  in  stature. 
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ARBOR  LOW.    [August  1901.] 

Short  Descriptions  of  Stones  as  numbered  on  the  Plan.    Note. — The 
length  and  breadth  of  the  Stones  cam  be  ascertained  from  the  Plan. 

Stone  I. — In  centre,  nearly  flat,  broken  in  two  at  N.W.  end.  Slopes  a  little  to  W. 
At  E.  point  it  stands  1  j  foot  from  turf.  It  also  stands  1 J  foot  from  turf  on  W.  side, 
but  there  is  a  trench  along  this  side  of  the  stone.  Surface  fairly  smooth.  There  is 
a  small  flat  stone  to  E.  (not  numbered),  which  is  only  about  an  inch  above  turf. 

Stone  II, — Near  No.  I.,  nearly  flat,  but  sloping  a  little  towards  W.  to  turf  line. 
It  is  about  10''  above  turf  on  E.  side.  The  slab  is  rather  thicker  at  the  N.  ^id 
than  at  S.  end. 

Stone  III— To  the  S.E.  of  No.  II.,  flat,  sloping  very  slightly  to  E.  Pitted  sur- 
face. The  human  skeleton  was  found  dose  to  S.E.  of  this  stone ;  in  fact,  the  left 
femur  almost  touched  the  stone. 

Stone  IV. — A  small  stone  to  N.E.  of  No.  HI.  Slopes  rather  considerably  towards 
S. ;  only  about  2"  above  turf  all  round. 

Stonet  v.,  VI.,  and  VII, — Photographed  together  from  S.  In  a  group,  the 
nearest  stones  of  the  circle  to  the  S.  causeway.  A  considerable  depression  in  turf  to 
S.  of  No.  V.  At  S.  end  this  stone  stands  about  2  feet  above  average  turf  level,  and 
it  slopes  gradually  to  turf  on  N.  The  under-surface  of  stone  at  S.  has  been  much 
polished  by  the  rubbing  of  sheep,  &c.  No.  VII.  slopes  towards  N.,  and  is  fractured 
in  two  places.  It  is  somewhat  thicker  at  N.  end  than  at  S.,  where  it  is  about  1  foot 
from  turf.  No.  YI.  is  a  fractured  stone  about  9"  thick,  which  stands  on  end 
between  Nos.  V.  and  VII.,  leaning  slightly  to  W.* 

Stone  VIII. — Lies  in  a  slight  depression  at  about  9"  above  level  of  turf,  in 
depression  all  round ;  slightly  higher  in  the  middle.  Fitted  and  rough,  but  *  pits ' 
are  not  very  frequent,  large  but  not  deep. 

Stump  1. — Between  Stones  IX.  and  X.  Stands  about  1  foot  from  turf  level,  and 
leans  a  little  towards  centre. 

SUme  /X— Flat,  sloping,  slightly  towards  ditch  on  S.W.  Stands  1 J  foot  from 
turf  on  S.W.,  and  1  foot  on  N.E.    Much  pitted  surface,  small,  frequent,  and  deep. 

Stone  X. — Photographed  from  S.E.  Marked  depression  in  turf  at  W.  end  of 
stone,  which  end  is  squared,  or,  rather,  of  oblong  form,  2  feet  in  thickness.  This 
depression  sinks  to  about  6"  below  the  surrounding  turf  level.  The  stone  slopes 
towards  the  N.E.,  the  stone  only  showing  about  10"  above  turf  on  E.  side.  The 
upper  surface  is  fairly  flat,  and  is  characterised  by  a  broad  crack  along  middle,  and 
what  may  be  called  a  *  pot-hole '  near  N.  corner.  Turf  grows  between  stone  on 
N.W.    Much  sheep-rubbed  underneath  to  S.W. 

Stone$  Xl.y  XII.,  and  XIII — Small  stohes  in  a  little  group  between  Nos.  X. 
and  XIV.  In  a  slight  depression,  partly  in  continuation  of  deep  depression  at  the 
W.  end  of  Stone  X.  No.  XI.  slopes  towards  centre,  and  has  a  smooth  flat  surface. 
Height  1  foot  from  turf  at  S.W.,  4"  at  other  end.  No.  XII.  has  turf  growing  up  all 
round  the  sides ;  greatest  height  at  N.W.  is  only  4"  from  turf.  No.  XIII.  slopes 
towards  S.W.  and  S.E.  to  turf  ;  on  other  sides  only  4"  from  turf. 

Stone  XIV, — Lies  in  slight  depression  at  ditch- end  ;  flat  stone,  pitted  in  places 
by  weathering,  with  cracks  in  which  turf  has  grown.  Height  about  10"  from  turf 
all  round. 

Stone  XV, — Very  smooth  surface,  sloping  to  turf  on  E.  j  at  W.  end,  which  is 
square,  its  height  is  1-3  foot  from  turf. 

Stone  XVI. — Upper  side  fairly  flat ;  leans  at  about  35®  or  40®  with  general  turf 

level  towards  the  N.E.    In  a  well  marked  depression  all  round,  from  which  it  stands 

at  highest  part  3}  feet.    Thickness  of  stone  about  \\  foot  at  S.  and  about  1^  foot  at 

N.    The  only  stone  in  the  circle  that  can  be  said  to  be  standing  at  the  present  time. 

Stone  XVII — Lies  in  slight  depression ;  nearly  flat,  but  sloping  slightly  towards 

*  Mr.  Lewis,  who  measured  the  circle  in  May  1871  (see  bis  plan,  &c.,  in 
Anthropoloffui),  says  that  Stone  VI.  was  not  then  in  its  present  position,  but  has 
been  placed  there  since.  On  going  over  the  ground  in  1901  to  revise  his  plan,  he 
thought  he  saw  signs  of  a  certain  amount  of  surface  digging  during  the  previous 
thirty  years,  but  no  material  alteration  in  the  circle  genenUly. 
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the  W.  ditch,  where  its  height  is  only  6"  above  depression  in  turf,  rising  at  N.  to 
about  1  foot ;  very  rough  surface  and  sides,  a  little  overgrown  with  turf. 

Stump  2. — Cleaved  in  two       f\f^       and  partly  overgrown  with  turf ;  about  10' 
above  surrounding  turf. 


09 


Stone  XF///.— Slopes  off  rather  considerably  to  the  W.  ditch ;  at  E.  Its  height 
is  about  9''  above  turf ;  at  W.  about  1^  foot  from  turf.  Flat  surface,  but  much 
pitted,  and  turf-covered  in  one  or  two  places. 

Stump  8. — Stands  at  two  highest  points  1  foot  from  turf,  with  a  depression,  4" 
from  tuif ,  across  middle. 

St4me  XIX. — Lies  on  a  slight  mound.  Height  at  S.  0*7  foot  from  surrounding 
turf,  rising  slightly  higher  (ridge  N.B.  and  S.W.  line),  and  then  gradually  sloping  oil 
to  turf  level  at  N.  and  N.W. 

Stone  XX. — Slopes  all  round  to  turf  level  from  a  central  point  about  1  foot  high. 
It  does  not,  however,  slope  off  at  W.  point. 

Stone  XXL— Lien  in  slight  depression,  sloping  slightly  towards  ditch.  Flat 
surface  and  somewhat  pitted  in  places.  Height  about  1*2  foot  from  turf  all  round. 
RagRred  along  N.E.  edge. 

Stone  XXII. — Flat ;  slopes  rather  much  towards  the  ditch ;  height  about  1-3 
foot  from  turf  all  round.    Half-oval  weathered  hole  through  side  of  stone  on  S.W. 

Stone  XXTII. — Lies  in  very  slight  depression,  more  particularly  marked  on  the 
ditch  side.  Stone  has  very  uneven  side  towards  W.  Rough  surfsice,  pitted  some- 
what to  8.B.,  S.,  and  S.W.,  and  highest  at  these  points.  Flat  surface  to  N.  and 
N.W.,  where  it  stands  nearly  1  foot  from  turf.  At  other  points  it  averages  1*2  foot 
in  height. 

Stone  TX/r.— Slopes  towards  N. ;  slopes  off  to  turf  level  at  N.W.  and  N.,  but 
not  at  N.E.  Depression  in  turf  at  S.  end,  extending  under  stone  to  N.  half-way 
across  stone.  At  S.E.  comer  its  height  from  turf  in  depression  is  1*3  foot ;  at  S.W. 
2  feet  from  same,  gradually  sloping  along  W.  face  to  turf  on  N.W.  Flat  surface 
with  very  smaU  but  numerous  •  pittings.' 

Stone  XXV. — At  S.  there  is  a  marked  depression  in  turf ,  but  not  at  the  N. 
Height  of  stone  above  depression  at  S.  2}  feet.  The  stone  slopes  towards  the  N., 
where  it  reaches  the  turf  level.  Rough  surface,  with  fracture  at  N.,  running  N.W. 
to  8.B.  Turf  rises  in  depression  under  the  stone  at  8.,  to  support  it.  The  stone  is 
tilted  up  at  S.,  at  an  angle  of  about  20^  with  surrounding  turf  level.  Much  rubbed 
underneath  at  S.  by  sheep. 

Stone  XXVI. — In  slight  depression  to  N.,more  marked  to  S.  Slopes  towards 
N.,  almost  to  turf  level.  At  S.  its  height  is  about  2  feet  from  depression  in  the  turf, 
and  the  stone  itself  is  about  1^  foot  thick  at  this  end.  Large  '  pittiogs,'  but  not 
very  numerous.  Two  oval  holes,  through  stone  to  turf.  The  larger  hole  measures 
18"  X  10"  in  the  line  of  stone,  a  little  to  N.  of  middle. 

Stump  4. — ^Very  narrow  and  sharp,  about  8"  above  surrounding  turf. 

Stone  XXVII. — Very  rough,  standing  at  middle  about  15  foot  from  surrounding 
turf.  At  N.  there  is  an  angle  only  8"  ^om  turf,  from  which  angle  the  stone  rises 
abruptly  to  top. 

Stone  XXVIII. — Height  only  2"  above  surrounding  turf ;  almost  entirely  over- 
grown except  a  small  portion  to  N.    Flat. 

Stone  XXIX. — Pointed  at  both  ends.  Slopes  somewhat  considerably  towards  N. 
Smooth  flat  surface.  A  depression  in  turf  at  N.  only,  where  it  stands  about  1  foot 
from  turf  in  depression.  Smooth  sides  all  round.  The  thickness  of  stone  appears 
to  be  only  6"  at  N.E.  point,  whilst  on  the  S.W.  side  its  thickness  is  2  feet,  to  which 
it  gradually  rises  from  N.  to  N.E.    The  stone  is  thicker  at  tf.  than  at  N.N.W. 

Stones  XXX.  and  XXXI. — Slight  depression  in  turf  between  and  to  the  E.  of 
these  stones.  Both  flat  and  fairly  smooth;  height  only  about  1"  or  2"  from  turf. 
No  XXX.  slopes  very  slightly  to  N. ;  No.  XXXI.  slopes  somewhat  considerably  to 
N.  and  B. 

Stone  XXXII. — Of  the  nature  of  a  stump,  but  rather  larger  than  those  that  have 
been  counted  as  stumps.  Slight  depression  to  8.W.,  and  surrounded  by  a  mound  of 
turf  to  N.E.,  B.,  and  S.E.,  where  the  stone  only  rises  2"  above  turf.  On  S.W.  the 
top  of  the  stone  is  1  foot  from  turf  in  depression.  Turf  grows  in  places  on  top  of 
stone,  which  is  rather  flat.  Bough  at  sides,  sloping  abruptly  from  top  at  S. 
and  N.W. 

Stone  XXXIIL^Lies  in  slight   depression,  sloping  slightly  towards   ditch. 
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Fairly  flat  surface.  Height  about  1  foot  from  turf  all  round.  Point  to  K.E.,  only 
3"  above  turf  in  depression. 

Stone  XXXIV. — Lies  in  a  marked  depression  on  inner  bank  of  ditch.  The 
depression  particularly  marked  at  N.  and  at  £.  Stone  somewhat  heart-shaped  and 
flat  and  fairly  smooth.  About  6"  in  height  above  turf  in  depression  all  round,  with 
turf  growing  up  sides  everywhere,  except  at  W.  and  8.W. 

Stone  XXXV. — Flat  smooth  surface.  Slopes  slightly  towards  centre  of  circle. 
On  W.  slopes  off  to  turf.    On  E.  9"  in  height  above  turf. 

Stone  XXXVI. — Smooth  but  uneven  surface.  Slopes  slightly  to  E.,  and  portly 
overgrown  with  turf,  especially  over  centre  and  to  S.  and  S.S.W.  At  N.  and 
N.N.W.  it  stands  3"  above  turf,  but  turf  runs  up  to  level  of  stone  on  all  other  sides. 

Stone  XXXVII, — Lies  in  slight  depression  all  round,  which,  however,  deepens 
considerably  to  B.  and  S.E.  Slopes  slightly  towards  ditch  and  N.,  with  fairly 
smooth  flat  surface.  At  W.  point  it  is  2  feet  above  turf  in  depression,  and  at  B. 
about  2-3  feet.  This  stone  is  cleaving  lengthwise,  or,  rather,  horizontally  into  three 
slabs.  This  is  particularly  well  seen  on  all  sides  but  the  N.  At  N.  its  height  is 
only  10"  from  turf  in  depression.     Upright  sides  all  round. 

Stone  XXXVIII. — Small  flat  stone,  level  with  the  turf,  which  Is  growing  over 
it.  Plan  shows  only  that  part  of  stone  which  appears  at  surface.  Slopes  to  K. 
andE. 

Stone  XXXIX. — On  slight  elevation.  Broken  into  three  pieces,  all  of  which 
are  becoming  overgrown  with  turf.  The  N.  piece  is  nearly  level  with  turf.  The 
middle  has  somewhat  rounded  surface,  and  rises  in  middle  to  about  6"  above  turf. 
The  piece  to  S.  slopes  from  N.  end  to  S.,  where  it  reaches  the  turt ;  the  N.  end  of 
this  piece  is  about  7"  or  8"  above  surrounding  turf. 

Stump  7. — Much  overgrown  with  turf.  A  piece  of  stone  only  9"  x  6"  shows  at 
present,  which  does  not  rise  above  turf  level.  Plan  shows  the  prob^ible  outline 
when  turf  is  removed. 

Stofies  XL.,  XLL,  and  XL  11. — Together  in  a  mass  in  slight  depression  aJl 
round.  See  photograph.  No.  XL.  slopes  to  S.  and  S.S.W.  At  highest  point  at  N. 
it  is  1^  foot  above  turf  in  depression.  The  S.E.  and  N.W.  points  are  about  10"  from 
turf.  At  S.  and  S.S.W.  it  meets  the  turf.  No.  XLI.  slopes  from  the  S.E ,  meeting 
the  turf  level  under  No.  XLIIL ;  rather  rough,  uneven  surface,  standing  at  N.E. 
about  1'5  foot  from  turf  in  depression,  at  S.E.  about  1-3  foot,  and  at  S.S.W.  about 
1  foot.  No.  XLIL  overlaps  No.  XLI.  to  S.E.,  and  slightly  over  No.  XL.  to  N.E. ;  thick- 
ness  of  stone  about  1  foot  at  S.E. ;  stone  slopes  to  centre,  where  it  is  only  4."  from 
turf.     At  S.E.  end  the  highest  point  is  about  1^  foot  from  turf  in  depression. 

Stone  XLIII. — Slopes  very  slightly  towards  centre  of  circle.  Flat  and  smooth 
surface.  Runs  to  turf  on  N.W.,  S.E.,  S.,  and  S.W. ;  in  fact,  pretty  well  all  round.  At 
S.E.  the  stone  is  about  4"  above  turf  level. 

Stump  8. — Very  narrow,  just  appearing  above  turf. 

Stone  XZ/F.— Flat,  sloping  but  slightly  towards  ditch.  Height  about  7"  from 
turf  level  at  N.W.  8.S.E.  comer  overgrown  with  turf,  N.E.  corner  alfo ;  in  fact,  a 
very  little  of  the  stone  at  S.E.  shows  above  the  surface.  Uneven,  weathered 
surface. 

Stone  XLV. — Flat,  with  very  uneven  weathered  surface  and  fractured.  More 
than  half  the  stone  is  overgrown  with  turf,  fairly  regularly  distributed. 

Stone  XL  VI. — Nearly  flat,  sloping  slightly  towards  centre  of  circle.  Fairly 
smooth  surface.  *  Shoulder '  across  middle,  height  1"  above  turf,  rising  again  to  6" 
above  turf  at  S.  Turf  growing  across  depression  below  *  shoulder.'  Stone  almost 
entirely  overgrown,  dotted  on  plan,  to  S.S.W.  of  XLVI. 

Stumpt  9  and  10. — Small  stones  (not  really  *  stumps'),  just  appearing  above 
surface. 

Stumps  11  and  12. — Ragged  stones,  broken  off,  just  appearing  above  surface. 

Stump  13.— This  stump,  leaniog  towards  B.,  was  only  revealed  by  excavation. 

Stones  outside  S.  Causeway.— Fairlj  large,  long  and  narrow  stone,  height  at  E. 
1*3  foot  firom  surface,  sloping  off  at  centre  westwards,  and  rising  again  near  W.  end 
to  about  9"  from  turf.  Stump  close  to  two  rounded  stones  a  Uttle  above  turf 
level,  on  side  of  S.  rampart. 

Two  Stones  in  Ditch. — Two  stones  in  ditch  on  S.W.  One  long  and  narrow,  abont 
8"  in  height  from  turf ;  the  other,  an  uneven  boulder,  rising  1  foot  above  surface. 

There  are  other  small  stones  here  and  there  at  Arbor  Low,  which  seem  to  be 
hardly  worUi  mentioning,  although  they  might  prove  to  be  somewhat  larger  i( 
exposed  by  excavation. 
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The  Stone  Implements  excavated  at  Arbor  Low,  1901. 
j?y  Henry  Balfour. 

Detailed  references  to  the  positions  in  "which  the  various  stone  imple- 
ments were  found  during  the  excavations  are  given  in  Mr.  Gray's  reports, 
and  the  exact  position  of  each  is  marked  upon  the  plan  prepared  from  his 
elaborate  and  very  careful  survey,  which  it  is  hoped  may  be  published  later 
on.  The  depth  at  which  each  implement  was  found  is  also  noted  in  the 
report 

As  regards  the  implements  collectively  but  little  need  be  said,  as  they 
are  unfortunately  few  in  number,  and,  while  all  are  of  forms  well  known 
in  the  finds  of  the  Neolithic  period,  with  which  such  forms  are  usually 
associated,  they  are  not  of  a  sufficiently  typical  and  distinctive  kind  to 
render  it  absolutely  certain  that  they  belong  to  Neolithic  times.  That 
they  should  be  referred  to  that  period  seems  to  me  extremely  probable, 
particularly  when  the  facts  regarding  the  nature  of  the  implements  are 
considered  in  relation  to  other  evidence,  viz.,  the  total  absence  of  any 
objects  of  bronze  amongst  the  finds,  and  the  fact  of  what  is  stated  to  have 
been  an  early  Bronze  Age  tumulus  having  been  constructed  out  of  the 
material  which  formed  part  of  the  original  structure  of  the  monument, 
which  must  therefore  have  antedated  the  tumulus,  and,  presumably,  by 
a  period  long  enough  for  the  original  function  and  probable  sanctity  of 
the  circle  to  have  been  forgotten.  At  the  same  time  it  must  be  admitted, 
in  regard  to  the  stone  implements  hitherto  unearthed,  that  any  or  all  of 
them  might  have  been  made  and  used  during  the  Bronze  Age.  Simple 
flakes,  flakes  with  secondary  chipping,  and  *  scrapers  *  of  flint  belong 
practically  to  all  periods.  Their  manufacture  persisted  during  the  metal 
ages  so  long  as  their  efficiency  as  tools  and  the  rapidity  with  which  they 
could  be  made  rendered  them  desirable. 

Perhaps  the  most  striking  implement  of  those  found,  and  the  one 
which  might  claim  with  most  justification  to  be  assigned  definitely  to  the 
Neolithic  period,  is  that  numbered  20  in  Mr.  Gray's  report,  found  near 
the  centre  of  the  circle  at  a  depth  of  27  cm.  This  is  a  small  blade  of  flint 
of  very  broad,  leaf-shaped  outline,  flaked  on  both  sides  and  rather  clumsily 
shaped,  being  thicker  towards  one  edge  than  the  other.  It  resembles  a 
leaf- shaped  arrow-head,  but  may  have  been  hafted  and  used  perhaps  as  a 
knife,  as  the  point  is  extremely  obtuse  and  not  very  carefully  shaped  for 
penetration. 

With  one  or  two  exceptions,  the  remaining  implements  showing  any 
considerable  working  along  the  edges  may  be  classed  as  varieties  of  the 
*  scraper '  or  *  side-tool,'  and  in  this  category  I  should  class  that  numbered 
3  by  Mr.  Gray,  who  suggests  that  it  may  have  been  a  spear- head.  It 
could  at  most  be  regarded  only  as  a  spear-head  in  process  of  manufacture, 
rejected  before  completion.  It  is  worked  on  one  face  only,  and,  rough 
though  it  is,  would  serve  very  well  as  a  scraping  tool ;  the  point  at  one 
end,  if  intentional,  could  have  served  for  cutting  grooves.  Three  well- 
defined  *  scrapers'  (Nos.  7,  14,  16)  were  found  in  the  ditch  varying  from 
a  very  broad,  semicircular-edged  form  to  a  very  narrow  *  duck-bill '  shape  : 
they  are  familiar  forms.  An  *  outside  flake'  (No.  10)  shows  secondary 
chipping  along  two  edges,  and  was  probably  a  scraper  :  it  is  evidently 
but  a  fragment  of  a  fair-sized  flake,  broken,  perhaps,  in  use.  No.  5  is 
also  a  fragment  showing  some  flaking  at  the  bulb  end  of  a  small-size  flake. 
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One  broken  flake  (No.  13)  shows  a  very  delicate  serration  along  one  edge, 
forming  a  finely  toothed  saw.  The  serration  evidently  extended  along 
the  portion  of  the  flake  broken  away.  This  saw  must  have  been  intended 
for  delicate  work  only. 

In  addition  to  the  implements  already  referred  to,  there  are  several 
flint  flakes  showing  well  marked  bulbs  of  percussion,  a  few  with  secondary 
chipping  at  the  edge ;  also  some  which  are  doubtfully  worked ;  and  a 
certain  number  of  flints  were  picked  up  and  kept,  which  prove  on  inspec- 
tion to  exhibit  natural  fractures  only,  and  these  I  have  rejected.  Mr.  Gray 
very  rightly  submitted  these  rather  than  run  any  risk  of  overlooking 
examples  which  might  possibly  betray  human  agency,  however  slight. 

The  finding  of  six  large  flakes  (No.  17)  together  is  interesting.  It  is 
evident  that  these  could  not  have  come  by  accident  into  the  position  in 
which  they  were  found,  and  it  is  virtually  certain  that  they  were  placed 
by  hand  upon  the  small  ledge  in  the  side  of  the  northern  causeway.  The 
flakes  are  of  considerable  size  and  weight,  and  of  fine  quality  black  flint 
which  has  been  weathered  white  to  a  considerable  depth.  It  is  difficult 
to  determine  the  use  for  which  they  were  intended.  They  are  irregular 
in  outline  and  surface,  though  their  edges  are  still  sharp  and  undamaged. 
It  is  possible  that  such  heavy  flakes  may  have  been  intended  to  be  used 
as  digging  tools,  for  which  purpose  they  would  be  not  badly  adapted  ; 
but  no  tised  examples  are  as  yet  forthcoming  from  the  site,  and  the 
suggestion  is  merely  conjectural.  They  may  have  been  purposely  covered 
over  at  the  time  for  concealment,  and  forgotten,  or  they  may  have  been 
accidentally  covered  by  loose  earth  falling  from  the  causeway  on  to  the 
ledge.     In  either  case  they  have  remained  as  originally  placed. 

It  is  greatly  to  be  hoped,  if  further  excavations  are  undertaken,  that 
the  yield  of  implements  may  be  greater,  and  that  the  examples  may 
present  more  definite  features,  so  that  the  negative  evidence  afforded  by 
the  absence  of  metal,  if  it  continues  to  hold  good,  may  be  backed  by 
positive  evidence  of  Neolithic  date  from  the  nature  of  the  implements 
discovered.  For  the  negative  evidence  to  be  completely  convincing,  moi^e 
extensive  exploration  is  necessary,  and  the  very  suggestive  nature  of  the 
positive  results  so  far  obtained  by  Mr.  Gray  renders  it  highly  probable 
that  further  examination  may  yield  results  of  great  importance. 

One  point  to  which  I  may  perhaps  be  allowed  to  refer  here  arises  out 
of  the  excavation  of  the  ditch  to  its  full  depth.  The  bed-rock  bottom 
presents  a  very  rough  and  uneven  surface,  and  there  does  not  appear  to 
have  been  any  definite  attempts  to  create  a  level  surface  along  the  ditch 
bottom  by  filling  in  the  hollows  and  levelling  in  other  ways.  It  is  of 
importance  to  note  this,  as  it  precludes  the  idea  that  the  fosse  itself  may 
have  been  used  for  processional  or  other  like  purposes.  The  steepness  of 
the  causeway  sides  forming  the  ends  of  the  fosse  also  points  towards  the 
same  conclusion  as  regards  this  matter. 

Report  on  the  Human  Skeleton  found  in  the  Stone  Circle  of  Arbor  Low 
in  1901.    By  J.  G.  Garson,  M,D. 

The  skeleton  found  by  Mr.  Gray  near  the  centre  of  the  Stone  Circle  of 
Arbor  Low  in  August  1901  is  that  of  an  adult  male.  The  bones  are  not 
in  a  good  condition  as  regards  preservation  ;  hence  it  has  not  been  pos- 
sible to  ascertain  from  them  the  probable  stature  of  the  individual  more 
nearly  than  has  already  been  done  by  Mr.  Gray  in  his  report.     The  upper 
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part  of  the  brain-case,  or  calvaria,  and  part  of  the  face,  though  much 
broken  and  very  imperfect,  especially  the  latter,  have  been  pieced  together 
by  Mr.  Gray  in  a  most  creditable  manner,  so  that  it  is  possible  to  ascertain 
and  determine  the  most  important  points  in  the  morphology  of  the  former 
fairly  well.  The  muscular  ridges  are  well  developed,  the  glabella  and 
brow  ridges  are  well  marked  and  continuous  with  each  other,  the  most 
prominent  part  of  the  latter  being  over  the  inner  third  of  each  orbit.  The 
tubera  of  the  parietal  bones  are  prominent,  the  curved  lines  on  the 
occipital  bone  and  the  surface  between  them  for  the  insertion  of  the 
muscles  of  the  head  and  neck  are  well  marked  ;  but  the  mastoid  pro- 
cesses of  the  temporal  bones  are  of  very  moderate  size,  or  may  even  be 
regarded  as  small.  As  viewed  from  the  front,  the  malar  bone,  which  is  re- 
tained on  the  left  side,  shows  that  the  axis  of  the  orbit  slants  markedly 
downwards  as  well  as  outwards  ;  the  orbital  processes  are  of  moderate  size, 
and  the  interorbital  width  appears  to  have  been  of  medium  size.  As  viewed 
from  behind,  the  lateral  walls  are  seen  to  be  nearly  vertical  but  slightly 
converging,  as  they  rise  upwards,  and  finally  curve  over  to  form  the 
vault  with  a  flat  or  low  arch.  When  viewed  from  above  the  outline  of 
the  calvaria  is  unsymmetrical  in  the  occipital  and  posterior  parietal 
regions,  and  converges  slightly  from  the  tubera  of  the  parietals  towards 
the  orbital  processes  of  the  frontal  with  straight  sides.  On  viewing  the 
cranium  laterally  the  profile  outline  of  the  mid-parietal  region  is  elevated 
and  bulged  upwards  :  this  fulness  extends  from  one  tuber  to  the  other, 
while  the  frontal  region  above  the  glabella  follows  a  graceful  curve  back- 
wards and  upwards  to  the  bregma,  and  the  occipital  region  is  slightly 
bulged  backwards  and  rounded. 

To  reduce  these  general  characters  to  actual  figures  as  far  as  possible 
the  following  are  the  chief  dimensions  which  the  state  of  the  cranium 
permitted  me  to  determine  : — Maximum  length,  189  mm.  ;  maximum 
breadth,  148  mm.  These  figures  give  a  cephalic  index  of  78*2,  which 
places  it,  as  regards  general  form,  above  the  middle  of  the  mesaticephalic 
group  (75-79*9)  and  shows  that  the  individual  when  alive  had  a  head 
slightly  rounder  than  that  of  the  average  male  of  the  present  population 
of  Great  Britain,  more  brachycephalic  than  in  some  parts  of  the  country, 
but  more  dolichocephalic  than  in  others.  The  ophryo- occipital  length  is 
185  mm.,  the  point  of  greatest  length  on  the  occiput  being  the  same  as  for 
the  maximum  length  ;  the  projection  of  the  glabella  is,  therefore,  4  mm. 
The  minimum  frontal  breadth  is  106  mm.,  and  the  maximum  frontal 
breadth  is  125  mm. ;  the  relative  properties  of  these  two  measurements  to 
the  maximum  breadth  (the  latter  being  taken  as  100)  is  71*6  and  84*5 
respectively.  The  biauricular  diameter  is  130  mm.,  while  the  auriculo- 
bregmatic  arc  is  316  mm.  The  horizontal  circumference  is  530  mm.  ;  the 
longitudinal  arc,  from  the  nasion,  over  the  bregma,  lambda,  and  the 
occiput  to  the  opisthion,  is  377  mm. ;  the  base  of  the  cranium  being 
absent  it  is  impossible  to  obtain  the  length  of  the  foramen  magnum  and 
basio-nasial  length  to  complete  the  longitudinal  circumference.  The 
length  of  the  frontal  portion  of  this  longitudinal  arc  is  130  mm.,  that  of 
the  parietal  130  mm.,  and  of  the  occipital  117  mm.  ;  while  the  chords  of 
these  arcs  are :  frontal,  113  mm. ;  parietal,  117  mm.  ;  occipital,  97  mm. 
The  relation  which  the  arc  bears  to  the  chord  may  be  expressed  as  an 
index  to  indicate  the  curve  of  the  bone  ;  the  chord  being  taken  as  100, 
the  frontal  index  is  115*0,  the  parietal  index  111*1,  and  the  occipital 
index  120*6.     These  indices  show  that  while  the  curvature  of  the  frontal 
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and  occipital  are  about  norma],  that  of  the  parietal  is  greater  than  uBual. 
Little  can  be  said  about  the  characters  of  the  facial  portion  of  the  cranium, 
as  it  is  so  imperfect.  The  palate  is  parabolic  in  form.  The  teeth  are 
moderately  worn  down,  especially  the  molars,  and  there  is  a  slight  deposit 
of  tartar  upon  most  of  them. 

The  osteological  characters  show  that  the  individual  was  not  of  the 
type  found  in  interments  of  the  Neolithic  period,  neither  do  they  point  to 
his  being  of  the  Bronze  Age  type,  though  he  was  more  nearly  allied  to  it 
than  to  the  former.  On  the  other  hand,  there  are  no  characters  about  the 
specimen  which  would  preclude  its  being  much  more  recent— even  that  of 
a  person  interred  only  about  a  hundred  years  ago.  The  extended  position 
in  which  the  body  had  been  laid  decidedly  supports  the  view  of  the  inter- 
ment being  of  more  recent  date  than  the  Bronze  period,  to  which  I  con- 
sider the  weight  of  the  evidence  afforded  by  the  osteological  characters 
also  points. 

The  Committee  have  special  satisfaption  in  submitting  the  very 
careful  and  exact  survey  of  the  circle  which  Mr.  Gray  has  prepared,  and 
the  sectional  diagrams  of  the  excavations  made  under  his  direction.  The 
former  is  undoubtedly  the  most  complete  survey  of  the  circle  ever  made, 
and  will  constitute  a  lasting  work  of  reference  for  future  investigations  ; 
indeed,  it  has  been  prepared  with  so  much  care  that  there  wiJ^  bo  no 
difficulty  in  constructing  from  it  accurate  models  of  the  circle  and  its 
surroundings.  The  Ck)mmittee  recommend  that  the  specimens  found  be 
eventually  placed  in  the  national  collection  in  the  British  Museum. 

Mr.  Gray  has  informed  the  Committee  that  about  two  to  three  weeks' 
further  excavations  of  the  circle  on  the  lines  hitherto  pursued  will  be 
sufficient  to  complete  the  examination  of  the  ditch  and  rampart.  The 
excavations  made  during  the  present  year  have  been  confined  to  the  west 
side  of  the  circle  ;  the  eastern  half  of  the  ditch  and  rampart  have  not  been 
touched,  nor  have  any  of  the  external  approaches  which  it  is  also  desirable 
to  excavate  been  explored.  From  personal  observations  (the  circle 
having  been  visited  during  the  explorations  by  the  Chairman,  the  Secre- 
tary, and  Mr.  Lewis)  the  Committee  can  confirm  Mr.  Gray's  statements 
to  them,  and  are  convinced  of  the  desirability  of  the  work  being  resumed 
at  the  earliest  possible  opportunity. 

The  whole  of  the  money  granted  by  the  Association  has  been 
expended,  and  the  amount  slightly  exceeded  in  the  work  which  has  been 
done. 

The  Committee  apply  to  be  reappointed,  and  ask  that  a  grant  of  40^. 
be  placed  at  their  disposal  to  carry  on  the  investigations  which  have 
proved  to  be  so  successful  and  hopeful  in  their  results  towards  solving  the 
somewhat  disputed  age  of  stone  circles  as  regards  Arbor  Low. 


Explorations  in  Crete, — Report  of  th^  Committee,  consisting  of  Sir 
John  Evans,  K,C.B.,  F,R,8.  (Chairman),  Mr.  J.  L.  Myres 
(Secretary),  Mr.  A.  J.  Evans,  Mr.  D.  6.  Hogarth,  Professor  A. 
Macauster,  and  Professor  W.  Bidgeway. 

In  order  to  present  the  results  of  the  season  of  1901  in  their  proper 
bearings  the  Committee  introduces  its  Report  with  a  retrospect  of  British 
exploration  in  Crete, 
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The  Cretan  Exploration  Fund  was  formed  in  1899  with  the  object  of 
assisting  British  explorers  and  the  British  School  at  Athens  to  investigate 
the  early  remains  of  the  island,  which  from  indications  already  apparent 
seemed  likely  to  supply  the  solution  of  many  interesting  questions  regard* 
lag  the  beginnings  of  civilisation  in  Greece.  To  the  furtherance  of  this 
work,  begun  in  the  spring  of  1900,  the  grant  of  145/.  was  made  last 
autumn  by  the  British  Association. 

Already  in  1894  Mr.  Arthur  Evans  had  secured  a  part- ownership 
(completed  last  year)  in  the  site  of  Kephala  at  Knossos,  which  evidently 
contained  the  remains  o£  a  prehistoric  building.  Excavations,  to  which 
the  fund  has  largely  contributed,  begun  by  him  in  1900  on  this  site  and 
continued  during  the  present  year,  have  brought  to  light  an  ancient  palace 
of  vast  extent,  which  there  is  every  reason  to  identify  with  the  traditional 
House  of  Minos,  and  at  the  same  time  with  the  legendary  '  Labyrinth.' 

The  result  of  the  excavations  of  1900  was  to  unearth  a  considerable 
part  of  the  western  side  of  this  great  building,  including  two  large  courts, 
the  porticoes  and  entrance  corridors,  a  vast  system  of  magazines,  some  of 
them  replete  with  huge  store  jars,  and  a  richly  adorned  room,  where 
between  lower  benches  rose  a  curiously  carved  gypsum  throne,  on  which 
King  Minos  himself  may  have  sat  in  council.  The  second  season's  work 
has  uncovered  a  further  series  of  magazines,  the  whole  northern  end  of 
the  palace  including  a  bath- chamber  and  an  extensive  eastern  quarter. 
It  was  only  towards  the  close  of  this  year's  excavations  that  what 
appear  to  have  been  the  principal  state  rooms  first  came  into  view.  A 
triple  flight  of  stone  stairs,  one  flight  beneath  another,  here  leads  down 
from  an  upper  corridor  to  a  suite  of  halls,  showing  remains  of  colonnades 
and  galleries.  It  was  at  this  interesting  point  that,  owing  to  the 
advanced  season,  Mr.  Evans  was  obliged  to  bring  this  year's  excavations 
to  a  close. 

Apart  from  the  architectural  results  already  gained,  the  finds  within 
the  walls  of  the  palace  have  been  of  such  a  nature  as  to  throw  an  entirely 
new  light  on  the  art  and  culture  of  prehistoric  Greece.  Partly  still  cling- 
ing to  the  walls,  partly  on  the  floors  of  the  chambers,  were  found  the 
remains  of  a  whole  series  of  fresco  paintings.  Among  these  the  full-length 
figure  of  the  cup-bearer  supply  the  first  real  portrayal  of  a  man  of  the 
MycensBan  age,  while  the  miniature  groups  representing  court  ladies  show 
a  liveliness  and  expression  far  beyond  any  work  of  the  kind  in  contem- 
porary Egypt.  Allied  to  this  branch  of  art  are  the  painted  reliefs  in  geaao 
durOf  showing  a  force  and  naturalism  for  which  no  parallel  can  be  found 
till  Uie  great  days  of  Greek  sculpture  some  ten  centuries  later.  To  the 
remarkable  bull's  head  discovered  last  year  the  more  recent  excavations 
have  added  parts  of  human  figures,  in  which  the  muscles  and  even  the 
veins  are  reproduced  with  a  singular  mastery  of  execution. 

The  marble  mouth  of  a  fountain  in  the  shape  of  a  lioness's  headand  a 
triton  shell  of  alabaster,  together  with  many  other  beautiful  stone  vessels 
and  architectural  ornaments,  also  evidence  the  high  level  already  attained 
in  the  sculptor's  art.  Among  the  minor  arts  represented  is  that  of  minia- 
ture painting  on  the  back  of  crystal  and  intarsia  work  of  ivory,  rock- 
crystal,  enamel,  and  precious  metals,  of  which  a  splendid  example  has 
b^n  found  this  season  in  the  remains  of  a  royal  draught-board.  Other 
finds  illustrate  the  connections  with  ancient  Egypt  and  the  East.  Part  of 
a  small  diorite  statue  from  last  year's  excavations  bears  a  hieroglyphic 
inscription  fixing  its  dat^  about  the  beginning  of  the  second  millennium 
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B.C.,  while  a  more  recently  discovered  alabaster  lid  bears  the  cartouche  of 
the  Hyksos  King,  Khyan.  A  fine  cylinder  of  lapis  lazuli,  mounted  with 
gold  and  engraved  with  mythological  subjects,  bears  witness  to  the  early 
connections  with  Babylonia. 

But  of  all  the  discoveries  made  within  the  palace  of  Knossos  the  most 
interesting  is  the  accumulated  evidence  here  for  the  first  time  afforded  that 
there  existed  on  the  soil  of  prehistoric  Hellas  a  highly  developed  system 
of  writing  some  eight  centuries  earlier  than  the  first  written  Greek  monu- 
ments, and  going  back  six  or  seven  centuries,  even  before  the  first  dated 
record  of  the  Phoenician  script.  A  whole  series  of  deposits  of  clay  tablets 
has  come  to  light,  many  of  the  most  important  of  them  during  last  season's 
excavations,  engraved  with  a  linear  script,  often  accompanied  by  a  decimal 
system  of  numeration. 

That  these  documents  largely  i-elate  to  the  royal  stores  and  arsenals  is 
seen  by  the  pictorial  illustrations  with  which  the  inscriptions  are  often 
accompanied.  Others,  in  which  signs  representing  men  and  women  fre- 
quently recur,  probably  contain  lists  of  slaves  or  officials.  Others  again 
of  a  different  class  may,  perhaps,  ultimately  reveal  to  us  fragments  of  con- 
temporary records  or  the  actual  formulas  of  Minoan  laws. 

Besides  these  linear  tablets  there  was  discovered  a  separate  deposit  of 
clay  bars  and  labels  containing  inscriptions  of  a  more  hieroglyphic  class. 
Although  contemporary  with  the  linear  tablets,  the  script  on  these  is 
apparently  of  quite  distinct  evolution,  and  in  all  probability  in  a  different 
language.  The  characters  answer  in  fact  to  the  sign -groups  already 
observed  in  certain  seal-stones  mostly  found  in  the  east  of  Crete.  The 
hieroglyphs  themselves  present  many  parallels  to  the  presumed  pictorial 
prototypes  of  Phoenician  letters. 

Beneath  the  palace  itself  and  the  adjoining  houses,  and  underlying 
the  whole  top  of  the  hill,  was  also  a  very  extensive  Neolithic  settlement. 
A  detailed  account  of  the  exploration  of  this  Neolithic  settlement,  the 
first  of  the  kind  uncovered  in  Greece,  will  be  communicated  by  Mr.  Evans 
to  Section  H.  The  relics  found,  such  as  the  small  human  figures  of  clay 
and  marble,  supply  the  antecedent  stages,  hitherto  wanting,  to  the  Early 
Metal  Age  Culture  of  the  ^gean  Islands. 

In  addition  to  the  assistance  given  to  Mr.  Evans  in  his  work  at  Knossos, 
the  Cretan  Exploration  Fund  has  contributed  towards  various  works  of 
exploration  in  the  island  undertaken  under  the  auspices  of  the  British 
School  at  Athens.  In  1899  the  late  Director  of  the  School,  Mr.  D.  Q. 
Hogarth,  excavated  a  series  of  prehistoric  houses  in  the  lower  town  of 
Knossos.  He  found  in  these  many  remarkable  painted  vases,  showing  that 
a  highly  developed  ceramic  art  flourished  here  already  before  the  days  of 
the  civilisation  known  as  Mycenaean.  A  large  number  of  similar  houses 
await  exploration  ;  in  fact,  the  whole  plan  of  the  early  town  could  prob- 
ably be  recovered.  Mr.  Hogarth  further  successfully  explored  the  great 
cave  of  Zeus  on  Mount  Dicta,  discovering  remains  of  a  prehistoric  sanc- 
tuary and  large  deposits  of  votive  bronze  figures  and  other  objects,  among 
which  the  double  axe,  the  symbol  of  the  Cretan  and  Carian  Zeus,  was 
specially  conspicuous. 

During  the  present  year  Mr.  R.  C.  Bosanquet,  the  new  Director  of  the 
British  School,  has  carried  out  an  exploration  of  the  site  of  Praesos,  in 
the  easternmost  region  of  Crete,  in  historic  times  the  chief  civic  centre  of 
the  original  Eteocretan  element  of  the  island.  The  remains  on  the  actual 
site  of  Praesos  proved  to  belong  to  the  geometrical  and  later  periods.     A 
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remarkable  inscription  was  found,  however,  the  second  of  its  class,  written 
in  Greek  characters  of  the  fifth  century  B.C.,  but  composed  in  the  old 
Eteocretan  language.  Two  sanctuaries  with  votive  deposits  also  came  to 
light,  and  the  remains  of  a  large  public  building  of  Hellenistic  date,  which 
may  have  been  an  *  Andreion  *  of  the  kind  in  which  the  Cretan  citizens 
met  for  common  meals. 

This  season  Mr.  Hogarth  has  also  been  enabled  by  a  grant  from  the 
fund  to  explore  an  ancient  site  at  Zakro  in  the  extreme  east  of  the  island. 
He  has  there  uncovered  a  small  Mycenaean  town  with  well  preserved  re- 
mains of  the  lower  part  of  the  houses  and  magazines,  and  a  pit  containing 
fine  examples  of  early  pottery.  But  the  most  important  discovery  was  a 
deposit  of  clay  impressions  of  Mycenaean  gems  and  signets  containing  1 50 
types,  some  of  them  throwing  a  new  light  on  the  early  cult  of  Crete. 
Among  other  subjects  represented  was  the  Minotaur,  which  also  occurs  on 
a  seal  impression  recently  discovered  in  the  palace  at  Knossos.  Further- 
more, some  interesting  cist-graves  were  found  in  caves  about  Zakro.  These 
yielded  incised  and  painted  pottery  of  the  pre-Mycensean  age,  including 
types  novel  in  Crete  but  familiar  in  Cyprus  and  Egypt.  The  general 
result  has  important  bearing  on  the  origin  and  history  of  Mycenaean 
civilisation  in  Crete. 

Other  interesting  sites,  already  previously  secured  for  British  excava- 
tion, remain  to  be  explored.  The  Executive  Committee  of  the  Cretan 
Exploration  Fund,  however,  are  of  opinion  that,  before  devoting  any  sums 
towards  breaking  new  ground,  a  sufficient  amount  shall  be  raised  to  enable 
Mr.  Bvans  to  complete  his  excavation  of  the  palace  of  Knossos,  a  con- 
siderable part  of  the  cost  of  which  has  already  fallen  on  the  explorer's 
shoulders.  The  large  scale  of  the  work,  on  which  throughout  the  whole 
of  last  season  200  workmen  were  constantly  employed,  aoakes  it  necessarily 
costly,  and  in  this  case,  in  addition  to  many  other  incidental  items  of 
expenditure,  a  great  deal  has  to  be  done  towards  the  conservation,  and  in 
some  cases  even  the  roofing-in,  of  the  chambers  discovered.  It  is  estimated 
that  a  sum  of  between  one  and  two  thousand  pounds  will  be  necessary  for 
the  adequate  completion  of  this  important  work.  The  unique  character  of 
the  results  already  obtained  is,  however,  so  widely  recognised  that  the 
Committee  confidently  trust  that  no  financial  obstacles  will  stand  in  the 
way  of  this  consummation. 

Report  on  Excavations  at  Praeaos,  in  Eastern  Crete, 

Praesos,  the  ancient  capital  of  the  aboriginal  Eteocretans,  lies  high 
on  the  central  plateau  of  Eastern  Crete.  The  excavations  at  Praesos, 
conducted  in  the  spring  of  1901  by  Mr.  R.  C.  Bosanquet,  the  Director  of 
the  British  School  at  Athens,  with  the  aid  of  Mr.  J.  H.  Marshall  and  Mr. 
R.  D.  Wells,  architect,  did  not  bear  out  the  expectation  that  the 
Eteocretan  capital  would  prove  to  have  been  a  centre  of  Mycenean  cul- 
ture. It  is  true  that  the  Acropolis  yielded  a  product  of  pure  Mycenean 
art  under  singular  circumstances.  A  large  lentoid  gem,  with  a  represen- 
tation of  a  hunter  and  a  bull,  was  found  embedded  in  the  mud-mortar  of 
a  late  Greek  house  :  it  must  have  been  plastered  in  unseen  along  with 
the  earth  from  an  adjacent  rock -cut  tomb,  which  had  evidently  been 
emptied  by  the  Hellenistic  builders. 

But  no  other  vestige  of  Mycenean  occupation  was  found  upon  the  site 
of  the  later  city.    The  waterless  ridge,  encircled  by  deep  ravines,  ofiered 
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nothing  to  primitive  settlers.  The  earliest  remains  lie  a  mile  away  in  a 
lateral  valley  near  a  spring.  Here  are  several  groups  of  megalithic  walla, 
the  chief  of  which  was  shown  by  excavation  to  be  a  sab-Mycenean  home- 
stead. Its  strictly  rectangular  plan,  its  massive  thresholds,  the  spiral 
ornamentation  of  large  jars  in  its  cellars,  show  that,  whatever  fate  had 
overtaken  the  cities  on  the  coast,  a  certain  standard  of  good  workman- 
ship had  been  their  legacy  to  the  people  of  the  hills.  Nearer  the  city  two 
tombs  of  the  same  period  were  discovered  :  the  one,  a  square  chamber 
with  adromos,  yielded  parts  of  t  wo  painted /amaA:65,  thoroughly  Mycenean 
iu  design,  a  gold  ring,  a  crystal  sphere,  parts  of  a  silver  vase,  and  a 
quantity  of  iron  swords.  The  other  was  a  well  built  bee-hive  tomb, 
differing  from  the  usual  type  in  being  entered  through  a  vestibule :  it 
contained  an  enormous  mass  of  geometric  pottery,  an  openwork  gold  ring, 
a  bronze  fibula,  and  other  objects  in  gold,  ivory,  and  Egyptian  porcelain. 
In  the  same  neighbourhood  a  number  of  later  tombs  were  opened,  ranging 
from  the  geometric  period  to  the  fourth  century.  Among  the  numerous 
geometric  vases  there  are  several  new  types,  in  particular  a  vessel  in  the 
form  of  a  bird,  and  a  slender  jug  painted  with  delicate  white  patterns  on 
a  black  ground.  The  later  graves  yielded  jewellery  in  gold,  silver,  and 
crystal. 

Prominent  among  the  considerations  which  caused  Fraesos  to  be  put 
upon  the  programme  of  the  Cretan  Fund  was  the  fact  that  an  inscription 
in  an  unknown  tongue,  presumably  the  Eteocretan,  had  come  to  light 
there,  and  the  hope  that  others  might  be  found.  It  was  dug  up  at  the 
foot  of  the  Altar  Hill,  a  limestone  crag  precipitous  on  three  sides  which 
dominates  the  south  end  of  the  site,  and  had  probably  fallen  from  the 
level  summit,  long  known  to  the  peasants  as  a  hunting-ground  for 
'  antikas.'  More  fortunate  than  Professor  Halbherr,  who  made  a  small 
excavation  here  with  the  same  object  before  the  Cretan  revolution,  we 
obtained  a  second  and  longer  inscription  of  seventeen  lines,  and  apparently 
in  the  same  non- Hellenic  language,  close  to  the  entrance  steps  of  a 
temenos  on  the  hill  top.  It  must  have  been  a  frequented  place  of  sacri- 
fice, for  the  rock  was  covered  several  feet  deep  with  a  deposit  of  ashes, 
burnt  bones,  and  votive  offerings  of  bronze  and  terra-cotta.  The  terra- 
cottas, ranging  from  the  sixth  to  the  fourth  century,  are  important  as 
giving  a  glimpse  of  a  local  school  of  artists  working  in  clay  (for  Crete  has 
no  marble  of  her  own,  and  Praesos,  at  any  rate,  imported  none)  and 
possessed  of  an  independent  and  vigorous  style.  The  great  prize  is  the 
upper  part  of  an  archaic  statue  of  a  young  god,  half  the  size  of  life  :  the 
head  and  shoulders  are  intact;  the  remainder  has  disappeared.  An 
equally  well  preserved  head,  with  fragmentary  body,  of  a  couchant  lion 
is  a  further  revelation  of  early  Cretan  sculpture.  The  bulky  fragments 
of  another  lion,  life-sized,  later  and  feebler  in  style,  prove  the  persistence 
of  the  local  method.  Among  the  bronzes  there  is  a  noteworthy  series  of 
votive  models  of  armour,  helmet,  cuirasses,  and  shields.  The  pottery 
shows  that  the  Altar-hill  was  frequented  from  the  eighth  century  onwards. 

By  this  time  Praesos  had  probably  become  the  religious  and  political 
centre  of  the  district,  a  primacy  for  which  it  is  admirably  fitted  by  its 
position  at  a  meeting  place  of  valleys  midway  between  the  two  seas.  The 
Acropolis  was  fortified,  the  water  of  the  distant  spring  brought  to  its 
foot  in  earthenware  pipes,  and  a  small  temple  built  on  its  summit.  The 
upper  slopes  of  the  Acropolis,  though  much  denuded,  yielded  two  archaio 
bronzes.    Trial-pits  in  the  deeper  terraces  below  revealed  only  Hellenic 
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things,  plainly  built  houses  of  limestone,  roadways  and  cisterns,  and  a 
rubbish  pit  full  of  terra-cottas.  A  building  larger  and  more  massive  than 
the  rest  was  completely  excavated  :  it  contains  eight  rooms  and  has  a 
front  seventy-five  feet  long.  Outside  the  town  two  minor  sanctuaries 
were  investigated  :  one  adjoining  the  spring  already  mentioned  contained 
large  terra-cotta  figures  of  a  goddess  of  quite  new  type.  A  survey  of  tlie 
whole  site  was  made  by  Mr.  Wells,  and  a  systematic  exploration  of  the 
surrounding  country  by  Mr.  Marshall. 

Although  Praesos  was  barren  of  Mycenean  remains,  they  are  evident 
enough  at  Fetras,  on  the  modern  harbour  of  Sitia,  seven  miles  to  the  north. 
I  made  some  trials  here  in  June.  Nine- tenths  of  the  site  has  been  ruth- 
lessly terraced  by  its  Moslem  owner,  and  would  not  repay  a  large  exca- 
vation. The  remaining  tenth  is  occupied  by  cottages,  and  here  under  the 
roadway  it  was  possible  to  uncover  one  side  of  a  large  building  containing 
pithoi  and  kamerais  vases.  On  the  hill-top  there  remain  a  few  foun- 
dations of  a  large  mansion,  and  outside  the  walls — for  Petras  is  unique 
among  early  Cretan  sites  in  possessing  remains  of  fortifications — was 
found  a  rubbish  heap  of  the  now  familiar  type,  yielding  whole  cups  and 
lamps  and  shreds  of  earthenware  and  steatite.  Ten  miles  east  of  Petras, 
across  the  Itanos  peninsula,  is  another  early  site,  Palaiokastro,  which  has 
been  sadly  mauled  of  late  years  by  clandestine  excavation.  In  the  course 
of  one  of  his  exploring  journeys  Mr.  Marshall  made  a  remarkable  dis- 
covery here.  Heavy  rains — ^the  same  that  flooded  Mr.  Hogarth  out  of  his 
quarters  on  the  beach  at  Zakro — had  exposed  the  corner  of  a  very  fine 
lamax.  The  native  diggers  had  not  noticed  it,  and  he  lost  no  time  in 
securing  it,  and  some  fine  vases  for  the  Candia  museum.  One  of  its  four 
picture-panels  represents  a  double  axe  planted  upright  upon  a  column,  an 
important  illustration  of  the  axe  and  pillar  cults  discussed  by  Mr.  Evans 
in  the  *  Journal  of  Hellenic  Studies.' 


The  Micro^hemisinj  of  Cells. — Report  of  the  Committee,  consistincj  of 
Professor  E.  A.  Schafer  {Chairman),  Professor  E.  Ray  LANKESTEit, 
Professor  W,  D.  Halliburton,  Mr.  G.  C.  Bourne,  Professor 
J.  J.  Mackenzie,  and  Professor  A.  B.  Macallum  (Secretary). 
{Drawn  up  by  the  Secretary.) 

The  research  of  the  previous  year  on  the  distribution  of  phosphorus  in 
animal  and  vegetable  cells  was  continued  with  the  view  of  making  the 
field  of  investigation  as  large  as  possible.  The  results  of  these  observa- 
tions cover  a  large  number  of  details,  but  these,  while  corroborating  the 
conclusions  advanced  in  the  last  report  on  the  subject,  have  not  furnished 
any  additional  generalisation  which  merita  special  mention  here.  The 
paper  embodving  all  the  results  will,  it  is  hoped,  be  ready  for  publication 
in  a  few  weeks. 

Micro-chemical  Localisation  of  Oxidases. — The  work  of  the  previous 
year  on  oxidases  was  continued,  and  efforts  were  made  to  localise  them 
mioro-chemically.  After  a  considerable  amount  of  experimenting  with 
different  leuco- compounds  it  was  found  that  the  reagent  mixture  recom- 
mended by  Kohmann  and  Spitzer  ^  for  the  detection  of  oxidising  enzymes 

>  •XJeber  Oxydations-Witkungcn  thierischer  Gewebc,'  Ber.  d.  d,  Chcm.  Qescll.^ 
1895,  vol.  xxviii.  p.  667 
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in  extracts  of  animal  tissues  was  of  considerable  service  if  used  in  dilute 
solutions  on  the  protophytan  cell.  It  consists  of  a  mixture  of  a-naphtol, 
paraphenylendiamin,  and  soda  in  the  proportions  by  weight  of  12,  9, 
and  10,  and  when  freshly  made  should  have  only  a  slight  yellow-red 
tint ;  but  on  exposure  to  the  air  for  some  hours  it  gradually  becomes  violet 
and  then  blue,  due  to  the  formation  of  indo-phenol.  The  reactions  which 
occur  thus  and  in  the  cell  may  be  indicated  as  follows  : — 

CCH4NH2 

(a)  C6H4(NH2)2  +  C,oH70H  +  0=NH  +H2O 

-\C,oHeOH 

(b)  NH  +0  =N- --,__       +H2O 

When  the  reagent  is  poured  on  the  fresh  protophytan  threads  and  allowed 
to  act  on  them  for  20-30  minutes,  or  even  for  2-3  hours,  the  fluids  in 
the  cell  spaces  (Spirogyra,  Ordogonium^  &c.)  are  often  coloured  violet 
blue,  and  contain  small  sheaves  of  the  blue  crystals  of  indo-phenol. 
This  indicates  the  occurrence  of  oxidising  enzymes  in  the  fluids  of  the 
cell  spaces  or  cavities,  but  no  coloration  was  found  in  the  protoplasm 
itself  or  in  the  nucleus,  and  the  chromatophor  itself  gave  only  a  very 
faint  reaction  in  a  few  cases,  except  in  the  immediate  neighbourhood  of 
the  pyrenoids,  when  frequently  a  deeper  reaction  was  observed.  That 
the  blue  reaction  was  not  due  to  the  difi*usion  of  the  colouring  material 
from  other  points  is  indicated  by  the  fact  that  indo-phenol,  to  which  the 
blue  colour  is  due,  is  almost  insoluble.  It  is  to  be  noted  that  in  the 
report  of  last  year  the  conclusion  that  the  chromatophor  contains  no 
oxidising  enzymes  was  based  on  the  fact  that  that  organ  did  not  appear 
to  be  affected  when  extracts  of  the  enzymes  were  made  by  hydraulic 
pressure  from  the  cells.  This  conclusion,  in  view  of  the  fact  given  above, 
must  now  be  considered  untenable.  The  reagent  was  also  employed  on 
the  Cyanophyceae  to  determine  the  presence  of  oxidases  in  these  non- 
nucleated  forms,  and  it  was  found  that  one  is  present  ill  the  peripheral 
coloured  zone  and  its  granules  in  these  cells,  but  the  *  central  body,' 
which  is  considered  by  some  to  be  the  homologue  of  the  nucleus  of  the 
higher  forms,  is  absolutely  unaffected,  as  are  also  its  granules,  by  the 
reagent.  The  peripheral  zone  would  appear  to  correspond  to  the  cell 
fluids  and  chromatophor  of  higher  Protophyta,  while  the  *  central  body,' 
so  far  as  absence  of  an  oxidase  is  concerned,  corresponds  to  the  nucleus 
and  cell  protoplasm  of  Spirogyra, 

The  reagent  cannot  be  used  to  detect  the  peroxidases,  so  that  the 
micro-chemical  localisation  of  these  enzymes  could  not  be  determined. 
The  difficulties  in  the  employment  of  solutions  of  guaiacum  for  this  pur- 
pose on  fresh  cells,  or  even  on  alcoholic  preparations  of  them,  were  found 
to  be  insuperable. 

The  main  point  to  be  noted  in  all  these  observations '  is  that  the  oxi- 
dases are  not  components  of  the  living  framework  of  the  cells,  but  are 
dissolved  in  the  fluids  which  bathe  that  framework  and  circulate  in  the 
cell  spaces  and  cavities.  In  consideration  of  the  relations  which  these 
fluids  bear  to  the  surrounding  media  it  would  seem  proper  to  regard  these 
oxidases,  not  as  enzymes,  but  as  oxygen-carriers,  pla3ang  the  part  in  the 
cell  mechanism  that  haemoglobin  does  in  the  animal  body. 
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On  the  Nature  of  Hasmosiderin, — Dr.  E.  N.  Coutts,  under  Professor 
Mackenzie's  direction,  investigated  the  composition  of  heBmosiderin  from 
a  micro-chemical  point  of  view  and  ascertained  a  number  of  interesting 
facts.  He  found  that  hsemosiderin  of  liver  cells  is  different  from  that  of 
the  alveolar  cells  of  indurated  lung  in  regard  to  the  way  in  which  the  iron 
is  held,  as  well  as  in  the  chemical  reactions  of  the  basic  material  of  the 
granules  themselves.  The  iron  of  the  hepatic  haemosiderin  is  in  an 
inorganic  form  easily  extractable  with  very  dilute  acids,  and  to  a  certain 
extent  also  by  prolonged  action  of  distilled  water.  The  iron  in  hepatic 
bsemosiderin  is  also  readily  demonstrated  by  acid  ferro-cyanide  solutions, 
or  by  ammonium  sulphide  almost  immediately  after  their  application, 
this  indicating  that  the  iron  is  not  firmly  bound  in  the  substance  of  the 
granules.  That  it  is  inorganic  is  shown  also  by  its  reactions  with  pure 
dilute  hsematoxylin  solutions.  In  the  pulmonary  liaemosiderin  granules 
the  iron  seems  to  be  combined  differently,  yet  in  an  inorganic  form,  prob- 
ably with  a  proteid  body,  for  on  digestion  with  artificial  gastric  juice  the 
granules  diminish  in  size  and  lose  their  iron.  In  both  pulmonary  and 
hepatic  hsemosiderin  granules  the  iron  may  be  extracted,  with  the  result 
that  the  colour,  shape,  and  size  of  the  granules  may  be  unchanged,  but  the 
residual  matrix  in  pulmonary  haemosiderin  is  much  more  readily  affected 
by  stronger  acids  than  is  the  case  with  hepatic  hsemosiderin.  The  residue 
in  neither  seems  to  show  any  chemical  affinities  with  hsematoidin  (biliru- 
bin) or  with  htematoporphyrin. 

The  conclusion  from  these  observations  is  that  hsemosiderin  is  not  a 
chemical  compound,  that  it  is  not  uniform  in  composition,  and  that  it  is 
for  the  most  part  a  mixture  of  an  inorganic  iron  compound  with  a  brown- 
yellow  iron- free  substance. 

The  Committee  ask  to  be  reappointed. 

The  Chemistry  of  Bone  Mmrow, — Inierim  Report  of  the  Committee^ 
consisting  of  Professor  E.  A.  SchAfer  (Chairman),  Dr.  R.  Hutchi- 
son (Secretary),  Dr.  Leonard  Hill,  and  Professor  F.  Gotch. 

The  work  of  the  Committee  has  been  considerably  retarded  by  the  diffi- 
culty of  obtaining  a  sufficiency  of  material  for  examination  and  analysis. 
A  certain  amount  of  progress  has,  however,  been  made  in  the  estimation 
of  the  nucleins  and  nuclein  bases  in  red  marrow,  and  the  investigation  of 
the  protcids  has  been  begun.  So  far  (1)  a  histon  and  (2)  a  nucleo- proteid 
have  been  isolated,  and  the  further  investigation  of  these  bodies  is  now 
being  proceeded  with.  Hereafter  it  is  hoped  that  the  estimation  of  the 
iron  compounds  in  marrow  will  be  undertaken. 


Tlie  Moiyliology,  Ecology,  and  Taxonomy  of  the  Podostemacece, — 
Eeport  of  the  Committee,  consisting  of  Professor  Marshall 
Ward  (Chairman),  Professor  J.  B.  Farmer  (Secretary),  and 
Professor  F.  0.  Bower. 

The  Committee  report  that  the  grant  of  20L  made  at  the  Bradford 
meeting  of  the  British  Association  has  been  expended  by  Mr.  J.  C.  Willis 
in  the  prosecution  of  the  research  above  named. 
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Several  districts  of  the  Indian  Peninsula  have  been  travelled  Over, 
and  Mr.  Willis'  investigations  have  thrown  much  light  on  the  habits, 
development,  and  affinities  of  the  plants  composing  the  Order. 

The  first  instalment  of  his  memoir,  dealing  especially  with  the  classi- 
fication of  the  Indian  forms,  is  nearly  ready,  and  will  shortly  be  followed 
by  a  second  paper  on  the  morphology  and  natural  history  of  the  species. 

As  the  object  of  the  grant  has  now  been  fulfilled,  the  Committee  do 
not  ask  for  reappointment. 


Fertilisation  in  the  Phceophyceoe, — Report  of  the  Committee,  consisting 
0/ Professor  J.  B.  Farmer  (Chairman),  Professor  R.  W.  Phillips 
(Secretary),  Professor  F.  O.  Bower,  aiid  Professor  Harvey 
Gibson. 

The  Committee  report  that  the  grant  of  15^.  made  at  the  Bradford  meeting 
has  been  expended  by  Mr.  J.  IJ.  WilJIams  in  connection  with  the  above 
research. 

Mr.  Williams'  results  are  now  practically  complete,  and  will  shortly 
be  embodied  in  the  form  of  a  memoir. 


Tlie  Influence  of  the  Universities  on  ScJwol  Education. 
By  the  Rt.  Rev.  John  Percival,  D.D.,  Lord  Bislwp  of  Ilereford. 

The  subject  before  us  this  morning,  as  I  am  given  to  understand,  is  not 
the  general  influence  of  universities  on  national  life  and  character, — a 
subject  of  the  highest  interest  and  importance,  and  nowhere  better  illus- 
trated than  in  Scotland, — but  simply  the  consideration  of  some  practical 
questions  suggested  by  the  relationship  in  which  our  ancient  English 
universities  stand  to  the  education  given  in  our  secondary  schools. 

And,  although  we  are  met  on  Scottish  soil,  and  may  very  well  hope  to 
obtain  some  help  and  guidance  from  Scottish  example,  as  I  have  no 
direct  personal  experience  of  the  Scotch  University  system,  though  I 

r>ssess  a  highly  prized  degree  conferred  by  your  most  ancient  university, 
must  be  content  to  base  my  observations  and  suggestions  exclusively  on 
my  English  experience. 

I  even  leave  out  of  my  purview  the  newer  English  foundations,  such 
as  the  University  of  London,  the  Victoria  University,  the  various 
university  colleges  of  our  great  provincial  cities,  and  that  latest  birth  of 
time,  the  University  of  Birmingham. 

Iz  is  from  no  lack  of  appreciation  that  I  do  this,  but  partly  because, 
as  yet,  these  modern  institutions  do  not  exercise  the  same  influence  as 
the  older  universities  on  our  general  system  of  secondary  education,  and 
partly  because,  having  so  lately  grown  up  under  the  pressure  of  actual 
local  or  national  needs,  they  are  not  open  to  the  same  criticisms. 

Our  great  English  universities  have  till  quite  recently,  as  regards  their 
direct  action  and  influence,  been  to  a  large  extent,  we  might  almost  say  in 
the  main,  the  universities  of  the  privileged  and  the  professional  classes. 
Within  my  own  memory  they  were  indeed  virtually  monopolised  by  those 
members  of  the  Established  Church  who  belonged  to  these  classes  or  were 
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seeking  to  enter  them.  To  the  mass  of  the  people  they  were  something 
vague  and  far  off. 

Sixty  years  ago  a  distinguished  German,  in  his  description  of  them, 
said  that  their  aim  was  to  produce  gentlemen,  especially  Tory  gentlemen  ; 
and  I  am  not  sure  that  any  of  us  could  prove  him  to  have  been  altogether 
mistaken. 

But  for  half  a  century  the  process  of  nationalisation  has  been  going 
steadily  if  not  rapidly  forward.  It  has  been  and  is  the  earnest  desire  of 
the  men  who  inspire  and  direct  our  university  life  to  make  them  national 
institutions  in  the  best  and  truest  and  broadest  sense  of  the  term  ;  and 
they  are,  I  feel  sure,  ready  to  give  sympathetic  and  favourable  considera- 
tion to  any  criticism  or  suggestion  which  is  likely  to  help  towards  this 
end. 

Thus  I  venture  to  think  they  will  welcome  the  discussion  by  so  weighty 
a  body  as  the  British  Association  of  these  very  practical  questions  : — 
How  do  our  ancient  universities  act  with  special  or  directing  or  deter- 
mining influence  on  English  school  education  ?  And  in  connection  with 
this  influence  are  there  any  reforms  which  would  be  clearly  beneficial  ? 

The  answer  to  such  inquiries  has  to  be  mainly  sought  through  obser- 
vation of  the  examinations  they  conduct  or  require,  the  use  they  make 
of  their  endowments,  and  the  type  of  teachers  they  train  and  send  forth. 

Through  its  examinations  the  university  largely  determines  the 
curriculum  or  relative  amount  of  attention  bestowed  on  different  subjects 
of  study  in  the  schools  that  prepare  for  it. 

Through  its  endowments  and  prizes  it  fixes  the  bent  of  study  to  be 
pursued  by  the  most  promising  and  ambitious  students ;  and  finally,  by 
the  stamp  it  puts  on  the  teachers  sent  out,  their  attainments,  their 
tastes,  their  aims,  opinions,  and  ideals,  it  sets  the  tone  and  tendency  of 
both  life  and  work  in  the  wide  field  of  school  education. 

I.  As  regards  examinations  we  have  to  look  chiefly  at — 

(1)  Examination  of  schools  or  of  boys  and  girls  still  at  school. 

(2)  Entrance  examinations  to  colleges  or  to  the  university. 

(3)  Examination  of  students  during  the  university  course. 

By  their  school  examinations,  such  as  the  local  examinations,  the 
examinations  of  the  Oxford  and  Cambridge  Joint  Board,  and  examinations 
for  commercial  and  other  certificates,  experience  shows  that  the  univer- 
sities have  done  a  very  good  and  useful  work,  and  they  have  done  it  in  a 
liberal  and  progressive  spirit. 

.  The  committees  charged  with  this  work  have  been  allowed  a  tolerably 
free  hand ;  they  have  sought  the  best  practical  advice,  and  they  have 
aimed  at  consulting  the  needs  of  diflferent  types  of  school,  whilst  careful 
to  maintain  a  reasonable  standard  of  proficiency  as  a  qualification  for 
their  various  certificates. 

If  there  are  defects  in  any  of  these  examinations  the  authorities  of 
schools  and  public  opinion  are  to  a  great  extent  responsible  for  their 
continuance. 

But  when  we  turn  from  these  outside  examinations  to  the  conditions 
of  entrance  to  the  university  itself  it  must  be  admitted  that  we  meet  with 
some  survivals  that  seem  altogether  out  of  date,  and  some  obvious  defi- 
ciencies that  call  for  attention  and  reform. 

Taking  the  case  of  Oxford,  with  which  I  am  more  familiar,  it  is  to  be 
noted  that  the  examination  known  as  Responsions  or  its  equivalent  is 
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practically  the  wicket  gate  through  which  every  student  must  enter  the 
University.  The  various  colleges  are  free  to  admit  students  on  their  own 
terms  with  or  without  examination,  but  as  a  matter  of  practice  it  is 
usual  for  a  college  to  require  the  passing  of  Responsions  either  before 
commencement  of  residence  or  in  the  course  of  the  first  term,  so  that  for 
actual  influence  on  the  ordinary  curriculum  of  secondary  schools  we  may 
disregard  all  qualifying  entrance  examinations  except  this  one. 

What,  then,  does  the  University  in  this  examination  require  of  a  boy 
fresh  from  school  ? 

Turning  to  the  examination  statutes  we  find  that  every  candidate 
desiring  to  pass  Hesponsions  or  its  equivalent  examination  has  to  reach 
the  requisite  standard  of  attainment  in  the  following  stated  subjects,  and 
in  these  only  : — Latin,  Greek,  Elementary  Mathematics. 

So  much  for  the  subjects  required.  But  a  glance  at  the  papers  set  will 
show  that  as  regards  the  literary  portion  of  the  examination  the  study 
encouraged  is  almost  exclusively  grammatical  and  of  a  very  rudimentary 
type. 

The  writing  of  elementary  Latin  prose,  the  translation  of  passages 
from  one  or  two  prepared  books  in  each  language,  and  the  answering  of 
questions  on  elementary  grammar  form  the  staple  of  the  examination. 

No  knowledge  is  required  of  the  art,  or  literature,  or  history,  or  general 
life  of  Athens  or  Rome,  and  little  or  no  inquiry  seems  to  be  made  even 
as  to  the  authors  or  contents  of  the  books  specially  prepared. 

The  mathematical  part  of  the  examination  is  also  open  to  criticism, 
though  perhaps  in  a  less  degree. 

But  the  really  surprising  thing  is  that  natural  science  still  meets  with 
jio  recognition,  modem  languages  are  ignored,  and  no  questions  are 
asked  even  as  to  the  candidtite's  knowl^ge  or  ignorance  of  our  own 
language  and  literature.  Here,  then,  it  must  be  admitted,  is  some  room 
for  expansion.  We  are  even  tempted  to  pause  and  inquire  whether  we 
have  not  stepped  back  into  some  earlier  century  ;  and  I  venture  to  think 
that  it  would  be  difficult  to  point  to  any  single  educational  reform  which 
is  more  urgently  needed  or  would  be  likely  to  produce  a  more  wholesome 
efiect  on  the  teaching  in  our  secondary  schools  than  a  reform  of  this 
examination. 

In  the  first  place  if  it  were  made  permissible  to  offer  certain  equivalents 
in  place  of  Greek,  this  single  modification  would  bring  our  universities 
into  touch  with  that  large  and  increasing  group  of  modem  schools  or 
modem  departments  in  schools  which  are  now  suffering  from  lack  of  this 
connection. 

The  existing  requirement  of  Greek  from  every  candidate,  together  with 
the  accompanying  exclusion  of  modern  languages  and  natural  science  from 
this  examination,  practically  dissociates  this  whole  class  of  modern  schools 
or  departments  in  schools  from  direct  university  influence,  and  the  effect 
is  found  to  be  specially  unfortunate  in  the  modern  departments  of  the 
larger  secondary  schools. 

Whatever  may  be  a  boy's  ultimate  aim  or  profession  or  business  in  life, 
if  his  intention  is  to  pass  through  the  university  these  conditions  amount 
to  a  warning  that  he  had  better  avoid  a  modern  school  or  modem  depart- 
ment. 

Consequently  such  schools  or  departments  are  very  liable  to  become 
the  refuge  of  the  dull  or  the  idle  or  those  who  are  preparing  for  nothing 
in  particular,  so  that  standards  of  effort  and  attainment  are  inevitably 
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lowered.  In  drawing  attention  to  the  consequences  of  these  antiquated 
university  arrangements  I  desire  to  say  that  T  am  not  raising  theoretical 
or  hypothetical  objections  to  them,  but  simply  speaking  of  what  I  have 
seen  and  known  in  one  school  and  another  ;  indeed,  I  would  claim  that 
throughout  this  paper  I  have  been  careful  to  bear  in  mind  the  old 
Newtonian  example  which  is,  I  imagine,  sometimes  disregarded  even  at 
the  British  Association,  *  Hypotheses  non  fingo.' 

Thus,  as  the  result  of  my  personal  experience,  the  first  reform  I 
would  advocate  is  that  Responsions  without  Greek  should  be  made  an 
avenue  to  a  university  degree  for  all  candidates  who  can  reach  a  good 
standard  of  attainment  in  certain  equivalent  subjects  of  study. 

So  much  for  our  first  change  in  the  direction  of  liberty  of  choice. 

We  may  now  go  on  to  consider  whether  or  how  far  any  other  changes 
would  effect  some  improvement  in  the  kind  and  quality  of  ordinary  school 
education. 

So  far  as  the  school  curriculum  is  influenced  by  this  examination,  with 
its  rigid  exclusion  of  everything  but  elementary  mathematics  and  the 
grammatical  study  of  two  dead  languages,  it  must  be  obvious  that  it  would 
be  improved  by  an  infusion  of  subjects  and  methods,  the  greatest  of  all 
needs  in  our  English  education  being  scientific  methods,  that  would  help 
to  develop  such  qualities  as  observation,  taste,  thought,  and  interest  in 
the  world  around  us. 

With  this  view  I  venture  to  put  the  question  whether  the  following 
scheme  of  requirements  on  entering  Oxford  or  Cambridge  would  not 
constitute  a  reasonable  substitute  for  the  present  Kesponsions  or 
Little  Go  :— 

1 .  Latin. — ^The  examination  to  include  the  translation  into  English  of 
easy  unprepared  passages,  and  also  some  questions  on  a  selected  period 
of  Boman  history  and  literature. 

2.  Elementary  mathematics. — More  attention  to  be  given  to  scientific 
arithmetic  and  to  easy  original  work  in  geometry. 

3.  The  elements  of  natural  science  and  scientific  method. 

4.  An  elementary  knowledge  of  either  French  or  German  or  Italian. 

5.  Englisli. — The  examination  to  include — 

(a)  English  composition. 

(6)  Questions  on  some  period  of  English  history  and  literature. 

6.  Greek. — The  examination  to  include  translation  into  English  of 
easy  unprepared  passages  and  also  some  questions  on  a  selected  period  of 
Greek  history  and  literature  ;  or 

6a.  French,  or  German,  or  some  branch  of  natural  science. — The 
standard  required  to  be  such  as  to  show  that  the  candidate  is  fitted  to 
enter  on  an  Honour  Course  of  university  study. 

It  would  be  reasonable  that  any  student  who  had  passed  in  three  of 
the  six  subjects  here  required  should  be  allowed  to  commence  his  residence 
in  the  university  on  condition  that  he  pass  in  the  remaining  three  before 
admission  to  any  other  examination  in  the  university  course.  As  univer- 
sity study  tends  to  become  more  specialised  it  is  all  the  more  necessary 
thus  to  secure  at  the  outset  a  good  preliminary  liberal  training. 

Such  a  scheme  as  is  here  indicated  would  do  this,  and  it  would  exer- 
cise a  most  wholesome  influence  on  school  education  generally.     On  the 
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one  hand  it  would  compel  all  schools  preparing  students  for  the  univer- 
sities to  give  a  fair  share  of  attention  to  modem  and  scientific  studies, 
and  more  attention  than  is  generally  given  to  our  own  language  and 
literature ;  whilst  it  would  at  the  same  time  interpose  a  check  on  the 
mischievous  tendency  to  premature  specialisation  of  study  whilst  a  boy  is 
still  at  school. 

To  these  suggestions  I  have  to  add  one  more. 

This  examination,  like  some  others  at  the  university,  is  a  purely 
^  pass '  examination,  in  which  no  opportunity  is  offered  to  the  candidate 
of  winning  any  honours,  and  no  mark  of  distinction  can  be  gained  by 
work  of  unusual  merit. 

In  m^  judgment  the  continuance  of  any  such  pass  education  is 
educationally  a  grave  mistake,  and  I  desire  to  see  it  made  a  rule  that 
the  university  will  give  marks  of  distinction  for  work  of  superior  merit 
in  every  examination  which  it  conducts. 

The  reasons  in  favour  of  such  a  change  are  sufficiently  obvious,  the 
surprising  thing  being  that  the  pass  examination,  with  its  corresponding 
type  of  university  student  known  as  the  *  passman,'  should  have  been  left 
to  survive  into  the  twentieth  century. 

A  standard  which  every  student  is  required  to  reach  as  a  preliminary 
to  further  instruction  or  as  the  qualification  for  a  degree  which  is  under- 
stood to  be  within  reach  of  any  person  of  ordinary  inteUigence  is,  of 
necessity,  a  comparatively  low  standard. 

It  represents  the  minimum  of  attainment  qualifying  for  a  certificate,  or 
diploma,  or  degree.     Not  to  win  it  is  to  be  a  failure. 

The  natural  result  is  that  a  large  proportion  of  the  students  who  offer 
themselves  for  examination,  and  are,  in  fact,  capable  of  reaching  a  con- 
siderably high  level  of  attainment,  are  content  to  aim  at  a  minimum 
instead  of  a  maximum  standard.  This  in  many  cases  means  the  loss  of 
intellectual  interest  at  the  very  time  when  it  ought  to  be  cherished  and 
stimulated,  a  loss  which  degenerates  in  not  a  few  instances  into  down- 
right idleness  and  waste. 

The  pity  of  it  is  that  many  of  those  to  whom  the  preparation  for  a 
pass  examination,  in  which  failure  is  discreditable  and  success  no  honour, 
is  irksome  drudgery  would  become  keenly  interested  in  the  very  study 
which  is  now  a  weariness  if  their  ambition  were  roused  by  the  hope  of 
some  distinction  to  be  won  in  connection  with  it. 

So,  then,  I  plead  for  such  changes  as  I  have  here  suggested  in  the 
belief  that  the  efiect  would  be  to  send  a  fresh  stream  of  intellectual 
activity  through  many  of  our  schools,  to  give  a  fair  field  to  modem  and 
scientific  studies,  and  to  draw  out  the  undeveloped  capacities,  the  dormant 
faculties  and  gifts  of  many  of  our  boys  and  young  men,  whilst  doing  no 
harm  to  the  traditional  classical  culture  of  either  school  or  university. 

It  may  possibly  be  alleged  in  some  quarters  that  my  proposed  require- 
ments would  lay  too  heavy  a  burden  on  many  candidates  for  admission. 

The  argument  will  no  doubt  be  used  that  by  requiring  an  acquaintance 
with  so  many  subjects  we  should  overweight  the  learner  or  reduce  the 
knowledge  of  each  subject  to  a  superficial  smattering.  It  is  better,  we 
shall  be  told,  to  concentrate  and  make  the  standard  to  be  reached  in  any 
subject  studied  a  fairly  high  one,  and  thus  give  some  real  mental 
discipline.  To  this  familiar  line  of  argument  a  sufficient  answer  is  not 
far  to  seek.     In  the  first  place  the  candidates,  as  a  rule,  are  at  least 
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eighteen  years  of  age,  so  that  they  have  had  a  considerable  period  for 
preparation  ;  and  it  is  open  to  question  whether  the  present  standard  of 
knowledge  attained  is  in  all  cases  a  very  high  one,  or  one  that  guarantees 
any  great  amount  of  valuable  intellectual  training.  Even  within  the 
narrow  field  of  the  present  examination  a  large  proportion  of  the 
candidates  would,  I  fear,  be  sorely  puzzled  by  very  simple  riders  on  the 
first  Book  of  Euclid,  or  by  any  straightforward  piece  of  narrative  in 
Thucydides,  or  Herodotus,  or  Livy,  or  Tacitus,  which  they  had  not  seen 
before,  to  say  nothing  of  Horace  or  Virgil,  Sophocles,  Homer,  or  Plato. 

The  fact  is  that  no  experienced  person  looks  upon  these  university 
requirements  as  in  any  sense  representing  what  candidates  of  eighteen 
years  of  age  about  to  enter  on  a  university  course  ought  to  have  studied. 
Neither  does  any  experienced  school  teacher  doubt  the  capacity  of  the 
ordinary  boy  or  girl,  if  properly  trained  in  habits  of  industry  and  atten- 
tion, to  sufficiently  master  my  schedule  of  subjects.  To  the  plea  that,  the 
present  limited  range  of  subjects  being  so  indifferently  mastered,  it 
would  be  folly  to  widen  the  range,  the  real  answer  is  that  the  English 
schoolboy  is,  as  a  rule,  a  very  practical  person.  He  has  no  great 
enthusiasm  about  learning  for  learning's  sake  ;  he  has  come  somehow  to 
understand  that  a  certain  minimum  will  serve  his  purpose  when  he 
presents  himself  at  a  college  in  Oxford,  and  so  his  mind  is  quiescent  in 
front  of  his  Xenophon,  or  Euripides,  or  Virgil,  or  Euclid,  or  it  is  occupied 
with  other  things. 

He  is  commonly  described  as  an  idle  boy,  but  this,  I  venture  to  think, 
is  a  misnomer. 

Give  him  a  practical  motive  for  learning,  extend  the  range  of  his 
practical  interest  in  subjects  to  be  studied,  stir  his  practical  instincts, 
rouse  his  personal  ambition  by  making  it  clear  to  him  that  he  may  win 
some  distinction  in  such  and  such  subjects  for  which  he  has  shown  some 
aptitude  or  ability,  and  he  sets  his  mind  to  work  and  learns  what  is 
required  of  him  with  an  amount  of  success  which  is  not  seldom  a  surprise 
both  to  himself  and  to  his  teacher.  So  experience  shows  us  to  what  an 
extent  our  antiquated  educational  arrangements  leave  capacity  un- 
developed and  let  young  lives  run  to  waste. 

My  concluding  observation  on  this  subject  of  examinations  is  that  I 
should  prefer  to  see  the  examination  of  secondary  schools  retained,  as  far 
as  posbible,  within  the  circle  of  university  influence. 

Even  in  the  presence  of  the  right  honourable  gentleman  who  presides 
over  us  this  morning  I  must  pluck  up  courage  to  say  that  I  should  regret 
to  see  it  established  exclusively  at  Whitehall.  My  hope  is  that  whatever 
reforms  are  instituted  the  headquarters  of  this  work  may  somehow  be 
maintained  in  connection  with  our  universities,  so  as  to  secure  that  the 
men  who  examine  may  be  familiar  with  the  current  work  of  both  school 
and  university,  and,  as  a  rule,  men  who  either  ar5:  or  have  been  them- 
selves engaged  as  teachers. 

II.  I  now  turn  to  the  influence  exercised  through  university  or  college 
endowments.  This  part  of  the  subject  is  of  such  importance  that  it 
might  advantageously  be  considered  by  a  fresh  university  commission  at 
no  very  distant  date,  experience  having  shown  that  the  reforms  of  previous 
commissions  stand  in  need  of  some  further  revision. 

The  system  of  election  by  merit  or  unrestricted  open  competition, 
ridding  us,  as  it  has  so  largely  done,  of  a  system  of  patronage  and  privi- 
lege and  arbitrary  preferences  has  brought  great  benefits  to  English  life  ; 
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but  in  regard  to  educational  endowments,  both  at  school  and  university, 
it  is  now  seen  to  have  been  made  in  some  respects  too  universal  and 
absolute. 

One  result  of  our  present  system  is  that  prizes  go  too  exclusively  to 
the  well-to-do. 

A  considerable  proportion  of  the  endowments  both  at  school  and 
college,  given  as  scholarships  or  exhibitions,  is  enjoyed  by  those  who  do 
not  ne^  such  pecuniary  assistance.  There  is  consequently  a  certain 
amount  of  waste  which  might  be  avoided. 

But  a  much  stronger  objection  to  this  unrestricted  competition  is  that 
the  endowments  in  many  cases  thus  become  the  rewards,  not  of  the  most 
promising  ability,  but  of  the  most  elaborate  and  expensive  preparation  : 
*  To  him  that  hath  shall  be  given.' 

These  considerations  suggest  that,  whilst  the  principle  of  open  election 
by  merit  should  be  scrupulously  maintained,  the  value  of  open  scholar- 
ships and  exhibitions,  both  at  school  and  university,  should  be  consider- 
ably reduced,  and  the  amount  thus  saved  should  form  a  supplementary 
exhibition  fund  out  of  which  the  authorities  might  increase  the  emolu- 
ments of  every  meritorious  scholar  so  elected  who  applied  and  gave  proof 
that  his  pecuniary  circumstances  were  such  as  to  call  for  this  addition. 
They  suggest,  further,  that  there  should  be  some  modified  return  to  the 
allocation  of  endowments  to  districts  (the  poorer  country  districts,  which 
are  sometimes  the  birth-places  of  boys  and  girls  of  talent,  having  specially 
suffered  by  the  reforms  of  the  last  half-century),  care  being  taken  so  to 
arrange  the  allocation  as  to  encourage  and  cultivate  ability  and  to  give 
that  further  and  general  intellectual  stimulus  which  is  given  by  arousing 
local  interest  and  enlisting  in  the  cause  of  educational  development  the 
spirit  of  local  patriotism,  thus  stirring  a  good  deal  of  intellectual  ambition 
which  now  lies  dormant. 

The  ancient  country  grammar  schools,  owing  to  their  connection  with 
some  college  at  Oxford  or  Cambridge,  undoubtedly  exercised  in  their  day 
a  stimulative  intellectual  influence  which  has  been  to  some  extent  lost  in 
some  rural  districts  of  late  years. 

Looking,  then,  to  the  needs  of  our  rural  districts  I  venture  to  put  it 
forward  as  a  suggestion  which  deserves  favourable  consideration  that  not 
less  than  5  per  cent,  of  the  funds  now  awarded  at  Oxford  and  Cambridge 
in  scholarships  and  exhibitions  might  be  formed  into  a  *  county  scholar- 
ship fund,'  and  offered  in  due  proporti6ns  to  the  various  counties  on 
condition,  in  every  case,  that  the  county  educational  authorities  provide 
an  equivalent  sum  for  the  same  purpose. 

These  scholarships  to  be  confined,  in  the  first  instance,  to  candidates 
bom  and  educated  in  the  county,  and  to  be  tenable  in  any  college  of 
either  university. 

Now  that  the  Honour  Schools  of  the  university  are  thrown  open  to 
women,  a  fair  proportion  of  these  scholarships  should  be  made  available 
for  girls. 

I  commend  this  suggestion  to  the  universities  as  a  reasonable  and 
prudent  mode  of  casting  their  bread  upon  the  waters.  The  result  could 
hardly  fail  to  be  a  wide  extension  of  their  influence,  tending  to  make 
them  more  truly  national,  whilst  it  would  give  a  considerable  stimulus  to 
intellectual  interest,  culture,  and  progress  in  every  district  thus  aided. 

My  other  criticism  on  the  present  use  of  endowments  has  reference  to 
the  premature  specialisation  encouraged  and  fostered  by  the  offering  of 
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scholarships  for  special  subjects.  The  scholar  elected  for  proficiency  ia 
classics  and  mathematics  combined,  and  prepared  to  reaid  for  doable 
honours,  is  said  to  be  almost  extinct  at  Oxford,  whilst  the  literary  critic 
complains  that  in  some  cases  scholarships  in  mathematics  and  natural 
science  are  awarded  to  candidates  who  are  almost  entirely  destitute  of 
the  elements  of  a  liberal  training. 

It  may,  I  fear,  also  be  said  that  history  scholarships  are  at  times 
awarded  to  boys  who  have  been  diverted  to  exclusive  reading  of  history 
at  a  time  when  they  would  have  been  better  employed  on  the  general 
curriculum  of  school  work. 

And  it  might  even  be  urged  that  in  many  schools  the  classical  training 
is  little  more  than  a  sort  of  old-fashioned  specialisation  on  the  learning 
of  two  languages,  with  very  little  of  that  training  of  thought,  or  taste,  or 
faculty  which  would  be  given  by  an  adequate  amount  of  attention  to  a 
wider  range  of  subjects,  and,  what  deserves  to  be  specially  noted,  with  no 
training  at  all  in  scientific  method. 

Whatever  force  there  may  be  in  these  various  allegations,  it  must  be 
obvious  that,  in  so  far  as  premature  specialisation  is  thus  encouraged  by 
the  universities,  their  influence  on  our  schools  is  being  exercised  to  the 
detriment  rather  than  the  encouragement  of  a  truly  liberal  and  well 
balanced  educational  system. 

On  this  theme  I  desire,  in  conclusion,  to  support  what  I  have  been 
saying  by  calling  into  the  witness-box  a  very  distinguished  living  authority 
who  can  speak  to  you  from  a  direct  personal  experience  of  both  school 
and  university  education  extending  over  half  a  century — Dr.  Butler,  the 
Master  of  Trinity  College,  Cambridge,  and  formerly  Headmaster  of 
Harrow. 

In  an  address  published  about  a  year  ago  he  says  :  *  A  new  creed 
seems  to  have  reached  us  from  some  unaccredited  educational  Mecca  that 
man  lives  by  literature  or  science  alone,  and  that  schools  live  by  scholar- 
ships. 

*  There  has  arisen  in  our  schools  a  modem  Polyphemus,  one-eyed,  mis- 
shapen. Under  his  new  name  of  specialisation  pupils  and  teachers  bow 
down  before  him,  cultivating  exclusively  just  one  part  of  the  mind  and 
one  only,  and  that  sometimes  the  least  social  and  the  least  human,  as  if  the 
boy  were  made  for  the  subject  of  study  and  the  emoluments  attached  to 
it,  and  not  the  subject  and  its  emoluments  for  the  boy. 

*  It  is,  for  instance,  one  of  my  privileges,*  he  tells  us,  *  in  the  college  of 
Newton,  and  Bacon,  and  Tennyson  to  have  a  share  in  conducting  entrance 
Bcholai'ship  examinations. 

'  In  connection  with  one  of  these  examinations  I  take  up  the  English 
essay  paper  or  the  paper  of  general  questions  which  by  a  recent  and 
refined  barbarity,  sanctioned  as  yet  by  only  a  few  colleges,  all  the  candi- 
dates at  Trinity  are  now  obliged  to  attempt,  and  the  English  work  shown 
up  by  a  considerable  proportion  of  the  candidates  is  simply  appalling.' 
Such  is  the  description  given  of  candidates  for  the  prizes  offered  by  the 
greatest  of  Cambridge  colleges,  and  we  may  fairly  ask.  If  this  is  the  green 
tree,  what  of  the  dry  ? 

*  I  know,'  he  adds,  *  from  happy  experience  the  excellent  English  which 
many  schoolboys  are  able  to  write.  But  in  the  essays  I  have  in  my 
thoughts  you  can  detect,  after  the  kindliest  search,  no  mind,  no  arrange- 
ment, no  substance.  It  would  seem  as  though  no  topic  had  an  interest 
for  the  writers,   and  that  they  had,  so  far  in  their  lives,  found  almost 
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nothing  to  think,  to  feel,  to  say.  And  who,  as  as  a  rule,  are  these  un- 
fortunates ?  They  are  the  boys  who  have  been  specialised  in  that 
modern  phrontisterion  which  prepares  them  to  win  scholarships  in  special 
subjects.'  And  these  subjects,  it  must  be  confessed  even  here,  are  generally 
mathematics  and  natural  science.  If  time  permitted  I  might  extend 
my  quotations  from  Dr.  Butler's  criticism,  a  criticism  which  cuts  in 
various  directions,  like  a  two-edged  sword  ;  but  I  must  be  content  to- 
note  his  practical  conclusion  :  *  It  seems  to  me  tolerably  certain,'  he  says, 
*  that  we  must  ere  long  reconsider  our  methods,  and,  if  the  phrase  may 
be  permitted,  redistribute  our  bribes.' 

My  observations  on  the  topics  already  dealt  with  have  run  to  such 
length  that  I  must  not  tax  your  patience  farther.  I  therefore  limit  what 
I  have  to  suggest  on  the  influence  exercised  by  our  universities  through 
the  training  of  teachers  to  a  few  brief  concluding  words. 

As  a  rule  the  authorities  of  secondary  schools  prefer  to  employ  univer- 
sity graduates  in  all  branches  of  school  education,  and  it  is  most  desirable 
that  this  preference  should  be  encouraged  and  assisted  by  every  possible 
means  ;  for  there  is  no  better  service  which  the  universities  can  do  to  the 
nation  than  that  of  training  and  sending  out  highly  qualified  teachers. 

And  yet  till  quite  recently  no  attention  has  been  given  to  this  aspect 
of  their  work  apart  from  the  general  courses  of  study  which  are  provided 
equally  for  men  who  are  looking  forward  to  other  professions  or  to  no 
profession  at  all. 

It  may  possibly  be  argued  that  it  is  not  the  business  of  the  university 
to  give  psedagogic  any  more  than  medical,  or  legal,  or  industrial,  or  com- 
mercial, or  any  other  form  of  technological  training. 

This,  however,  is  only  partially  true,  seeing  that  in  the  first  place  a 
university  cannot  properly  fulfil  its  function  as  a  teacher  of  its  own 
students  so  long  as  it  continues  to  give  no  training  in  the  art  of  teaching, 
and  in  the  next  place  the  relationship  in  which  the  universities  stand  to 
school  education  is  entirely  different  from  their  relationship  to  the  various 
professions  and  occupations  of  later  years. 

Thus  we  may  fairly  argue  that  it  is  high  time  for  our  ancient  univer- 
sities to  give  more  special  attention  to  educational  methods,  and  more 
encouragement  than  has  hitherto  been  given  to  the  selection  of  such 
courses  of  study  and  such  combinations  of  subjects  as  will  form  the  best 
equipment  for  that  large  body  of  students  who  year  by  year  go  out  direct 
from  the  universities  to  the  work  of  teachers  in  secondary  schools. 

I  plead  for  these  various  reforms  on  the  ground  that,  whilst  pouring 
a  stream  of  fresh  life  and  interest  into  many  of  our  secondary  schools, 
they  would  involve  no  interference  with  any  of  the  higher  functions  of 
our  universities,  no  undue  dissipation  of  energy,  no  lessening  or  lowering 
of  their  work  as  homes  of  learning  and  research.  Such  changes  would, 
on  the  other  hand,  bring  an  extension  and  deepening  of  their  influence  in 
the  general  life  of  the  people,  making  them  more  truly  and  more  fully  the 
universities  of  the  nation,  instinct  with  larger  and  more  vigorous 
activities,  and  bringing  them  nearer  than  ever  before  in  our  day  to  the 
realisation  of  that  ideal  which  a  great  English  writer  saw  in  his  dreams 
when  he  said  : 

'  A  university  is  a  place  of  concourse  to  which  a  thousand  schools 
make  contributions.  She  draws  the  world  to  her  like  ancient  Athens, 
and  sends  out  her  literature,  her  preachers,  her  missionaries  into  the 
world! 
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*  A  university  is  a  place  which  wins  the  admiration  of  the  young  by  its 
celebrity,  kindles  the  affection  of  the  middle-aged  by  its  beauty,  and 
rivets  the  fidelity  of  the  old  by  its  associations.  It  is  a  seat  of  wisdom, 
a  light  of  the  world,  a  minister  of  the  faith,  an  alma  mater  of  the  rising 
generation.' 

So,  with  much  more  to  the  same  effect,  wrote  John  Henry  Newman  ; 
and  it  is  just  because  I  desire  to  see  our  universities  maintain  and  extend 
their  marvellously  fascinating  and  attractive  influence  as  the  nursing 
mothers  of  all  that  is  best  and  most  illuminating  and  most  powerful  in 
our  national  life  that  I  press  for  the  reforms  I  have  ventured  to  advocate 
in  this  paper. 

For  convenience  and  clearness  it  may  be  well  that  I  should  briefly 
summarise  the  chief  suggestions  I  have  ventured  to  make. 

A,  Examinations. — 1.  The  external  examinations  conducted  by  the 
universities  would  in  many  cases  be  better  and  more  valuable  if  made 
more  concrete  and  practical. 

2.  In  the  entrance  examination  to  the  university  (Responsions  or 
Little  Go), 

(a)  Candidates  should  be  free  to  offer  some  suitable  equivalent  in 
place  of  Greek. 

(5)  Some  other  much  needed  improvements  should  be  introduced,  e.g, — 

(i.)  An  elementary  knowledge  of  natural  science  and  of  one  modem 
language  should  be  made  obligatory  on  all  candidates. 

(ii.)  Ability  to  write  English  should  be  tested,  and  a  knowledge  of 
some  period  of  English  history  and  literature  should  be  required. 

(iii.)  The  examination  in  Latin  or  any  other  language  should  include 
questions  on  some  period  of  history  and  literature,  and  on  the  subject 
matter  of  any  prepared  books,  together  with  the  translation  of  easy 
passages  from  authors  that  have  not  been  prepared. 

(iv.)  Candidates  should  not  be  excluded  from  residence  before  passing 
this  examination,  nor  should  they  be  required  to  pass  all  subjects  at  the 
same  time,  but  the  passing  in  all  the  parts  of  this  examination  should  be 
a  necessary  preliminary  to  entry  for  any  other  examination  required  for 
a  degree. 

(v.)  It  might  reasonably  be  made  a  rule  that  no  scholar  should  enjoy 
the  emoluments  of  his  scholarship  until  he  had  passed  this  e.xamination . 

(vi.)  Marks  of  distinction  should  be  given  for  work  of  superior  merit  in 
this  and  every  other  examination  conducted  by  the  university. 

B.  Endowments, — 1.  The  value  of  open  scholarships  and  exhibitions 
should  be  considerably  reduced. 

2.  The  money  thus  saved,  or  part  of  it,  should  be  given  in  augmenta- 
tion of  scholarships  held  by  poor  students. 

3.  A  fair  proportion  of  scholarships  should  be  awarded  for  excellence 
in  a  combination  of  subjects. 

4.  As  a  rule,  no  scholar  should  be  allowed  to  receive  any  emolument 
till  he  had  passed  Responsions. 

5.  A  percentage  of  the  endowments  now  awarded  as  entrance  scholar- 
ships (say  5  per  cent,  or  more)  should  be  distributed  over  the  country  as 
county  scholarships  on  condition  that  the  county  raised  an  equivalent 
sum  in  each  case  ;  and  a  due  share  of  these  should  be  allotted  to  girls. 
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C.  Training  of  Teachers. — 1.  There  should  be  established  in  each 
university  an  Honour  School  or  Tripos  specially  suited  for  those  who 
are  to  take  up  the  profession  of  teaching,  and  qualifying  for  the  d^[ree 
ofB.A. 

2.  The  establishment  of  such  a  school  would  carry  with  it  the  pro- 
vision of  adequate  professorial  and  other  instruction  in  the  subjects 
required. 


The  Teaching  of  Science  in  Elementarii  Schools, — Repoi't  of  the  Com" 
mittee,  consisting  of  Dr.  J.  H.  Gladstone  (Chairman),  Professor 
H.  E.  Armstrong  (Secretary)^  Lord  Avebury,  Professor  W.  R. 
DuNSTAN,  Mr.  George  Gladstone,  Sir  Philip  Magnus,  Sir 
H.  E.  RoscoE,  Professor  A.  Smithells,  and  Professor  S.  P. 
Thompson. 

Appendix. — Irish  XatUmal  Schools :  Object  Lessons  arid  Elementary  Science    p.  464 

For  a  number  of  years  past  your  Committee  have  given  a  tabular  state- 
ment showing  the  increased  attention  which  has  been  devoted  to  instruc- 
tion in  natural  and  experimental  science  from  year  to  year.  Up  to  1890 
the  Government  Code  of  regulations  for  day  schools  was  so  framed  as 
practically  to  exclude  such  teaching.  Schools  were  at  that  time  limited 
to  two  so-called  *  class  subjects/  which  were  specifically  defined  as 
*  English,  Geography,  History,  and  Elementary  Science,'  and  of  which 
^  English  '  must  be  one.  Of  the  other  three  '  Geography  '  has  always  been 
the  most  popular,  and  '  Elementary  Science '  was  the  least  so.  Hence, 
in  the  year  1889-90,  the  number  of  school  departments  in  which  English 
was  taken  amounted  to  no  less  than  20,304,  while  Elementary  Science 
was  taught  in  only  32.  At  that  period  the  instruction  in  English  wait 
almost  exclusively  confined  to  grammatical  exercises,  and  that  in 
Geography  to  topographical  details.  Nowadays  both  terms  are  to  be 
underatocd  in  a  much  broader  and  more  scientific  sense.  At  the  period 
above  named  a  free  choice  among  these  subjects  was  given,  and  the  pre- 
ponderance of  English  grammar  began  to  decline,  and  has  continued  to 
do  so  ever  since.  In  1890-91  the  figures  for  English  and  Elementary 
Science  were  19,825  and  173  respectively  ;  in  1891-92  they  were  18,175 
and  788  ;  the  table  given  below  will  show  the  comparative  figures  each 
succeeding  year  to  1899-1900.  Object  lessons  were  made  an  obligatory 
subject  of  instruction  in  the  three  lower  Standards  from  September  1, 
1896,  and  hence  the  rapid  rise  in  the  two  succeeding  years ;  they  then 
became  merged  into  the  general  term  of  Elementary  Science,  and,  follow- 
ing the  terminology  of  the  Code,  may  sometimes  be  included  under  the 
head  of  Geography,  which  may  account  for  the  reduced  numbers  for 
Elementary  Science  in  the  last  two  years  of  the  table  : — 


Class  Subjects — De- 
partments 


11892-93  1893-9411894-95 


EngUsh  .  .  .  .  17,394  1 17.032 
Geography  .  .  |  14,266  •  15,250 
Elementary  Science  1,073  1,216 
Object  Lessons      .1    —     ,    — 


16,280 

16,702 

1,712 


1895-96  1896-97 


16.327  1 14,286 

16,171   16,646 

2,237,    2,617 

1,079.    8,321 


1897-98  1898-99 


1899- 
1900 


13,466    13,194  12,993 
17,049    17,872  18,632 

2M82f  21.3011  19,998 
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A  still  greater  change  in  these  figures  will  probably  become  apparent 
next  year,  as  the  terms  *  class  subjects '  and  *  Elementary  Science '  are 
removed  from  the  Code,  and  this  branch  of  instruction  is  covered  by  the 
term  of  *  lessons;  including  object  lessons,  on  Geography,  History,  and 
Common  Things.'  The  number  of  departments  in  *  schools  for  older 
scholars'  for  the  year  1899-1900  was  23,214,  so  that  English  Grammar, 
which  ten  years  previously  was  taken  almost  universally,  is  now  taken 
in  little  more  than  one-half  of  these  ;  Elementary  Science,  mainly  in  the 
form  of  object  lessons,  being  taken  instead. 

In  last  year's  Report  your  Committee  gave  the  number  of  scholars 
qualified  for  grants  in  specific  subjects  as  compared  with  the  number  of 
scholars  presented  for  examination  in  these  several  subjects  in  former 
years.  It  seemed  to  indicate  that  the  abolition  of  the  system  of  indivi- 
dual examination  had  been  received  with  great  favour  by  school  managers 
and  teachers,  and  that  the  work  of  the  upper  Standards  had  been  more 
largely  devoted  to  this  branch  of  instruction.  The  returns  for  the  year 
1899-1900  appear  to  show  that  the  spurt  caused  by  the  change  in  the 
plan  of  assessing  the  grant  has  not  been  fully  maintained,  every  subject 
showing  a  falling-otF  as  compared  with  the  previous  year,  either  abso- 
lutely, or  relatively  to  the  number  of  scholars  in  the  upper  Standards. 


Specific  Subjecta 


Scholars  qualified  for  Grants 


Algebra . 

Euclid 

Mensuration 

Mechanics 

Animal  Physiology 

Botany 

Principles  of  Agriculture 

Chemistry 

Sound,  Light,  and  Heat 

Magnetism  and  Electricity 

Domestic  Economy 


TotalH  . 


1898-99 


111,486 

5,932 

24,848 

50.324 

41,244 

8,833 

1,163 

14,737 

1,943 

7,697 

96,171 


1899-1900 


109,351 

6,208 

24.432 

42,534 

36,810 

•     8,905 

1,166 

13,557 

1,733 

7,026 

87.518 


863,378  I       339,287 


The  figures  for  1898-99  gave  507  as  the  percentage  proportion  of 
scholars  qualified  for  grant  as  compared  with  the  possible  number  of 
students.  Those  for  1899-1900  gave  a  percentage  of  only  45 '1.  It  does 
not  necessarily  follow,  however,  that  the  ultimate  result  is  to  be  regarded 
as  unfavourable,  for  it  appears  that  the  amount  of  time  given  by  the 
scholars  individually  during  the  year  has  been  raised  from  about  fifty-two 
to  sixty  hours. 

The  aggregate  number  of  scholars  in  the  Evening  Continuation  Schools 
taking  subjects  of  instruction  more  or  less  scientific  in  their  character  has 
not  varied  much  in  the  year  1899-1900  from  that  of  the  previous  year's 
return,  but  is  still  considerably  less  than  in  1897-98,  as  the  following 
table  will  show.  The  fluctuation  in  the  individual  items  is,  however, 
larger  than  might  have  been  expected  from  the  close  approximation  of 
the  totals,  and  would  rather  seem  to  indicate  a  want  of  continuity  in  the 
course  of  the  studies. 
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Science  Subjects 


1896-97 


Euclid 

Algebra 

Mensuration 

Elementary  Physiography 
Elementary  Physics  and  Chemistry 
Domestic  Science  .... 
Science  of  Common  Things    . 

Chemistry 

Mechanics 

Sound,  Light,  and  Heat . 
Magnetism  and  Electricity     . 
Human  Physiology 

Hygiene 

Botany 

Agriculture 

Horticulture 

Navigation 

Ambulance 

Domestic  Economy 

Totals  . 


1,036 
7,467 
27,388 
3,712 
3,135 

10,910 

5.658 

1,365 

726 

8,834 

5,865 

3,170 

692 

2,355 

1,001 

68 

9,086 

19,565 


Number  of  Scholars 
1897-98     I     1898-99     '  1899-1900 


1,525 

9,996 

29,966 

4,807 

2,902 

117 

13.874 

6,590 

1,129 

813 

3,967 

6,237 

4,062 

703 

2,300 

1,354 

37 

13,030 

23,271 


1,216 

7,432 

24,369 

4,213 

3,116 

142 

11.499 

6,963 

987 

437 

3,005 

4,296 

3,276 

597 

1,826 

1,350 

46 

12,980 

19,915 


I 


1,601 

7,247 

23,090 

3,652 

3,497 

471 

11,418 

6,704 

1,252 

306 

3,244 

4,619 

3,228 

718 

1,847 

1,611 

118 

14,838 

18,968 


107.042        126,740     i    106,666        108,228 


The  alterations  which  have  been  made  in  this  year's  Code  for  England 
and  Wales,  beyond  embodying  last  year's  Minute  establishing  Higher 
Elementary  Schools,  consist  mainly  in  the  abolition  of  the  schedules  of 
instruction  ;  teachers  are  thus  left  free  to  adopt  whatever  course  of  study 
they  think  best,  or  to  follow  more  or  less  closely  the  specimen  schemes 
which  have  been  issued  by  the  Board  of  Education  for  their  guidance, 
and  which  were  referred  to  in  last  year's  report.  In  the  matter  of  Higher 
Elementary  Schools  very  little  progress  has  been  made.  The  School 
Board  for  London  and  many  of  those  in  the  larger  provincial  towns 
proposed  to  put  their  Higher  Grade  Schools  under  the  Minute,  but  very 
few  of  their  propositions  have  yet  been  approved  by  the  Board  of 
Education  ;  the  net  result  is  that  some  half-dozen  or  so  of  schools  which 
were  recognised  as  Organised  Science  Schools  under  the  Science  and  Art 
Department  have  been  transferred  to  the  Whitehall  Board  as  Higher 
Elementary  Schools,  and  are  doing  under  the  Minute  very  similar 
work  to  what  they  were  doing  before.  Only  one  or  two  new  schools 
have  been  opened  as  such.  If  the  School  Boards  in  England  and  Wales 
had  the  same  freedom  of  adapting  their  schools  to  the  special  requirements 
of  the  locality  that  is  enjoyed  under  the  Scotch  Code,  many  more  of  tho 
Higher  Grade  Schools  would  ere  this  have  been  working  under  the  Minute. 

There  has  been  considerable  discussion  between  the  School  Board  for 
London  and  the  Board  of  Education  as  to  the  requirement  by  the  latter 
of  fully  equipped  Chemical  and  Physical  Laboratories  for  the  first  and 
second  years'  scholars  in  these  Higher  Elementary  Schools,  as  well  as  for 
those  of  the  third  and  fourth  years.  To  comply  with  the  conditions  of 
the  Minute  the  children  will  have  to  be  entered  at  about  eleven  years  of 
age  ;  and  the  School  Board  contends,  and  in  this  they  are  supported  by 
the  opinion  of  eminent  authorities,  that  special  laboratories  and  elaborate 
apparatus  are  not  needed  during  the  first  two  years,  and  that  such  would 
be  harmful  rather  than  otherwise.  The  School  Board  maintain  that 
their  proper  function  is  to  provide  for  these  younger  scholars  practical 
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instruction  in  the  rudijnents  of  Science  suited  to  their  age  and  capacity, 
which  can  be  illustrated  by  simple  experiments  in  their  ordinary  class- 
room even  l>etter  than  in  an  expensive  and  highly  organised  laboratory. 

Much  difficulty  is  experienced  by  the  School  Board  for  London  in 
obtaining  teachers  of  experience.  On  this  matter  Lord  Reay  made  the 
following  remarks  in  his  last  annual  address  :  *  The  subject  of  the 
training  of  teachers  is  so  important  that  I  should  not  be  justified  if  I  did 
not  allude  to  it.  This  Board  has  taken  great  care  in  providing  better 
opportunities  for  training  ex-pupil  teachers  and  pupil  teachers,  and  I 
trust  that  the  increased  facilities  we  asked  for  training  our  ex-pupil 
teachers  for  the  Certificate  Examination  will  be  granted  by  the  Board  of 
Education.  The  Board  had  reason  to  believe  that  in  too  many  cases  the 
view  of  the  teacher  in  giving  a  Science  lesson  was  too  exclusively  confined 
to  simply  imparting  isolated  facts  of  Science  to  the  scholars.  It  accord- 
ingly arranged  courses  of  Pedagogical  Lectures,  confined  to  teachers 
capable  of  profiting  by  them,  for  the  purpose  of  improving  the  methods  of 
instruction  in  the  practical  teaching  of  Elementary  Science.  T  believe 
that  these  lectures  have  already  resulted  in  materially  increasing  the 
efliciency  of  the  instruction,  and  that  with  the  help  of  suggestions  contained 
in  the  reports  received  from  Dr.  Kimmins,  of  the  Technical  Education 
Board,  these  lectures  will  be  of  increased  value  in  still  further  improving 
the  methods  of  Science  instruction  in  schools  of  the  Board.'  The  Board 
of  Education  at  South  Kensington  have  also  arranged  that  *  a  limited 
number  of  teachers  and  of  students  in  Science  classes  under  the  Board 
who  intend  to  become  Science  teachers  are  admitted  free  for  a  term  or  a 
session  to  the  Sessional  Courses  of  Instruction  in  the  Royal  College  of 
Science.*  The  London  School  Board  allow  leave  of  absence  to  any  of 
their  teachers  accepted  for  this  course  of  instruction. 

A  Departmental  Committee  has  been  appointed  to  consider  and  report 
upon  Training  College  Courses  of  Instruction.  The  pnncipal  term  of  the 
Keference  was  *  To  draw  up  specimen  Two-year  Courses  of  Instruction  for 
students  in  Training  Colleges,  with  a  view  to  ensuring  that  every  student 
who  leaves  College  shall  have  been  through  some  course  which  shall  pre- 
pare him  in  the  best  manner  for  some  one  or  other  of  the  various  types  of 
Elementary  Schools.*  The  specimen  schemes  of  instruction  are  still  under 
the  consideration  of  the  Committee  ;  but  the  Memorandum  which  has 
been  already  issued  sets  forth  the  general  principles  recommended  by  the 
Committee.  The  principal  features  are  the  liberty  given  to  the  Colleges 
to  frame  their  own  courses  ;  the  inclusion  for  the  first  time  of  Elementary 
Science  and  Manual  Training  ;  the  minimising  of  examinations  ;  and  the 
association  of  the  teachers  with  the  examiners. 

The  Scotch  Education  Department  has  this  year  issued  a  Code  of  Regu- 
lations for  Continuation  Classes  providing  further  instruction  for  those 
who  have  left  school.  This  is  to  replace  the  former  Evening  Continuation 
School  Code  and  the  Science  and  Art  Directory  in  so  far  as  that  related  to 
evening  classes.  The  chief  novelty  of  this  Code  consists  in  the  fact  that 
the  classes  may  be  held  at  any  time  of  the  day.  It  is  also  interesting 
to  note  that  there  is  no  superior  restriction  of  age.  The  work  is  arranged 
in  four  divisions.  The  first  is  apparently  intended  for  the  benefit  of 
those  whose  early  education  has  been  somewhat  neglected,  and  does  not 
include  any  higher  subjects  than  would  be  taken  in  an  ordinary  school — 
*  the  Principles  of  Arithmetic  with  such  practical  applications  as  may  be 
approved  of  in  any  particular  case,  Geography  and  Nature  Knowledge.' 
In  Division  II.'  the  work  begins  to  be  specialised  under  different  heads — 
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*  (E.)  Mathematics  :  Elementary  Geometry,  Algebra,  Mensuration,  Dy- 
namics. (F.)  Science  :  the  Elementary  Study,  Theoretical  or  Practical, 
of  Physical  or  Natural  Science,  or  any  branch  thereof.  (G.)  Applied 
Mathematics  and  Science  ;  (a)  General  :  Practical  Mathematics,  including 
technical  arithmetic  and  the  use  of  mathematical  instruments  and  tables  ; 
mechanical  drawing ;  (b)  Special :  the  application  of  Mathematics  and 
Science  to  specific  industries,  Machine  Construction,  Building  Con- 
struction, Naval  Architecture,  Electrical  Industries,  Mining,  Navigation, 
Agriculture,  Horticulture,  or  any  other  industry  tlie  scientific  principles 
underlying  which  admit  of  systematic  exposition.  Where  the  nature  of 
the  subject  requires  it,  previous  or  concurrent  study  of  (G.  a),  or  of  the 
related  branch  of  (E.)  or  of  (F.)  will  be  made  a  condition  of  taking  any 
subject  under  (G.  6).  ...  By  practical  instruction  is  meant  instruction 
under  heads  (F.)  and  (G.),  which  proceeds  mainly  by  means  of  actual 
experimental  work  on  the  part  of  the  pupils  themselves  in  properly 
equipped  laboratories  or  workshops,  supplemented  by  the  necessary 
explanations  and  demonstrations.  Supplementary  theoretical  instruction 
may  be  reckoned  as  part  of  the  practical  course,  but  to,  an  extent  not 
exceeding  one-half  of  the  time  occupied  by  the  pupils  in  practical  work.' 
In  Division  III.  the  work  is  of  a  more  advanced  character,  and  *  may 
either  provide  for  graduated  instruction  in  a  single  subject  or  for 
systematic  instruction  in  a  group  of  subjects,  arranged  with  a  view  to 
fitting  students  for  the  intelligent  practice  of  some  particular  industry  or 
occupation.'  A  higher  grant  above  that  for  the  Commercial  Courses  is 
allowed  for  the  Industrial  Courses,  subject  to  the  condition  *that 
provision  shall  be  made  in  properly  equipped  laboratories  of  workshops  for 
such  amount  of  practical  work  on  the  part  of  the  students  (being  work 
illustrative  of  the  principles  taught,  and  not  merely  the  practice  of  trade 
processes)  as  the  Department  may  deem  requisite  in  the  particular  circum- 
stances.' Division  IV.  is  concerned  with  auxiliary  classes  which  do  not 
come  within  the  purview  of  this  Committee. 

The  new  Programme  of  Instruction  for  the  National  Schools  of  Ire- 
land, which  was  issued  in  September  1900,  abolished  payment  by  results  : 
the  compulsory  subjects  of  instruction  were  considerably  changed,  and 
the  Commissioners  of  National  Education  indicated  the  methods  of  in- 
struction they  expected  the  teachers  to  adopt.  It  gave  greater  latitude 
to  the  teachers,  both  in  the  organisation  of  their  schools  and  in  the 
methods  and  amount  of  instruction  given  in  them. 

The  following  quotation  from  the  Revised  Regulations  indicate  the 
prominent  position  that  has  been  accorded  to  Science  Teaching  in  Irish 
Schools : — 

*  Elementary  Science  and  Object  Lessons  are  compulsory  in  schools  in 
which  there  are  teachers  holding  certificates  of  competency  to  give  in- 
struction in  them,  and  these  branches  must  be  introduced  into  all  schools 
as  soon  as  possible.' 

In  view  of  the  fact  that  little  or  no  instruction  in  Science  has  been 
given  for  some  years  past  in  the  schools,  the  Commissioners  have  appointed  a 
Head  Organiser  for  Science  Instruction,  whose  duties  are  (a)  to  advise  the 
Commissioners  on  matters  relating  to  the  introduction  and  development 
of  Science  Instruction,  (6)  to  supervise  the  instruction  of  King's  Scholars 
in  the  Training  Colleges,  (c)  to  arrange  for  the  instruction  in  methods  of 
Science  Teaching  of  the  teachers  at  present  at  work  in  the  schools. 

The  extract  from  the  *  Notes  and  Observations  of  the  Commissioners,' 
which  will  be  found  in  the  Appendix,  explains  the  purposes  for  which  the 
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subject  is  introduced,  and  indicates  the  character  of  the  teaching  that  is 
deemed  desirable. 

The  problem  of  giving  some  training  in  the  methods  of  Science 
Teaching  to  the  1 2,600  teachers  in  the  National  Schools  is  a  very  difficult 
one.  It  is  further  complicated  by  the  fact  that  there  are  over  three 
hundred  large  and  well  equipped  convent  schools  conducted  by  nuns  of 
various  religious  orders,  who  would  naturally  adopt  the  new  subjects  of 
instruction  if  they  were  properly  trained  ;  but  in  the  majority  of  cases 
the  nuns  cannot  leave  the  convents  to  attend  the  central  classes  for  teachers. 

Training  centres  have  already  been  established  and  laboratories 
equipped  in  Dublin,  Belfast,  Cork,  Londonderry,  Waterford,  and  Limerick, 
and  some  ^ve  hundred  male  and  female  teachers  have  been  taken  through 
courses  of  training  during  the  past  year.   These  courses  are  of  two  kinds  : — 

(a)  Day  courses,  at  which  the  teacher  attends  every  week-day  for  six 
weeks,  spending  about  five  hours  per  day  in  the  laboratory. 

(6)  Evening  courses,  at  which  the  teacher  attends  one  or  two  evenings 
a  week  for  a  period  of  three  hours  each  evening. 

Travelling  expenses  and  a  small  maintenance  allowance  are  paid  to 
teachers  attending  these  courses.  In  addition  to  the  laboratory  work, 
each  teacher  is  expected  to  produce  a  satisfactory  written  record  of  the 
practical  work  performed  in  the  laboratory,  and  the  certificate  of  com- 
petency to  teach  is  not  granted  until  a  satisfactory  notebook  of  the 
teacher's  individual  practical  work  is  produced. 

The  course  of  work  undertaken  in  these  classes  is  based  on  the  sugges- 
tions of  the  Committee  of  the  British  Association,  and  is  similar  in 
character  to  the  old  Course  H  of  the  English  Code.  Through  this  instruction 
endeavour  is  made  to  impress  upon  the  teachers  the  importance  of  the 
method  of  scientific  inquiry  and  of  habits  of  accurate  work,  observation, 
reasoning,  and  expression  ;  in  the  later  stages  of  the  work  for  Girls' 
Schools  the  science  underlying  domestic  economy  and  hygiene  is  treated. 

Of  the  six  Training  Colleges  two  give  instruction  to  both  men  and 
women,  two  to  women  only,  and  two  to  men  only  ;  all  have  during  the 
year  provided  themselves  with  laboratories  for  instruction  in  Experimental 
Science,  and  a  most  praiseworthy  start  has  been  made  ;  thus  nearly  nine 
hundred  students  in  training  have  received  careful  laboratory  instruction. 
The  average  size  of  these  Training  College  classes  is  thirty  students.  A 
new  Training  College  for  women,  to  be  opened  next  session  in  Limerick,  is 
also  provided  with  an  excellent  laboratory. 

The  Commissioners  have  recently  decided  that  the  entire  Inspection 
Staff  is  to  undergo  a  course  of  training  under  the  Head  Organiser,  in  order 
to  familiarise  them  with  the  methods  the  teachers  are  expected  to  pursue. 
A  number  of  Inspectors  are  already  attending  these  classes. 

In  order  to  facilitate  the  introduction  of  subjects  of  practical  and 
manual  instruction  into  schools  in  the  poorer  districts,  the  Treasury  has 
sanctioned  small  grants  of  apparatus  to  these  schools,  on  the  condition 
that  one  of  the  teachers  of  the  school  has  been  through  a  satisfactory 
course  of  training. 

The  untimely  death  of  the  greatly  esteemed  Professor  G.  F.  FitzGerald 
and  the  retirement  from  the  Board  of  Commissioners  of  his  Grace  the 
Catholic  Archbishop  of-  Dublin  (Dr.  Walsh)  are  irreparable  losses  to  the 
cause  of  true  education  in  Ireland.  To  the  efforts  of  these  two  dis- 
tinguished educationists,  both  as  members  of  the  Commission  on  Manual 
and  Practical  Instruction  and  as  Commissioners  of  National  Education 
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the  sweeping  and  far-reaching  reforms  in  the  Irish  system  of  National 
Education  are  mainly  due.  It  is  impossible  to  overestimate  the  debt  the 
country  owes  them. 

Your  Committee  have  not  felt  called  upon  to  express  an  opinion  on 
the  important  questions  involved  in  the  decision  of  the  Court  of  King's 
Bench  in  the  case  of  Rex  v,  Cockerton  ;  but,  whatever  may  be  the  final 
outcome  of  the  present  controversy,  they  trust  that  the  interests  of 
Science  Teaching  will  not  suffer,  whatever  the  authority  be  to  which  it 
may  be  entrusted. 


APPENDIX. 

Irish  National  Schools. 

*  Object  Lessons  and  Elementary  Science, 

*  The  Programme  provides  for  alternative  courses  in  Object  Lessons  and 
Elementary  Science  ;  but  in  most  of  the  rural  National  Schools  it  would 
be  desirable  that  the  courses  embracing  the  principles  underlying  Agri- 
culture and  Horticulture  should  be  adopted.  In  this  connection  the 
Commissioners  desire  to  direct  the  attention  of  Mansigers  and  Teachers  to 
the  French  Scheme  for  teaching  Agriculture,  of  which  a  translation  is  pub- 
lished in  the  Appendix  to  the  Report  of  the  Commission  on  Manual  and 
Practical  Instruction.  At  the  same  time  the  Commissioners  leave 
Managers  and  Teachers  free  to  select,  with  the  concurrence  of  the  Inspec- 
tor, any  of  the  courses  that  may  seem  most  suited  to  the  special  circum- 
stances of  the  schools.  Managers  may  also  submit  for  the  approval  of 
the  Commissioners  other  courses  than  those  provided,  if  they  consider 
none  of  the  Programme  courses  suitable. 

*As  regards  Course  I.  of  Elementary  Experimental  Science,  it  is 
intended  that,  as  far  as  possible,  all  experiments  should  be  performed  by 
some,  at  any  rate,  of  the  scholars.  The  teaching  should  l)e  directed,  in 
the  iirst  place,  to  produce  accurate  habits  of  experiment,  observation,  and 
thought.  The  experiment  should  be  undertaken  with  the  object  of 
solving  a  definite  problem,  and  the  explanation  or  discussion  of  results 
should  not  take  place  until  the  experiment  has  been  repeated  by  indi- 
vidual members  of  the  class  a  number  of  times.  An  accurate  Balance  is 
essential  to  such  a  course,  and  it  should  not  be  attempted  without  such 
an  instrument.  The  greatest  possible  importance  should  be  attached  to 
the  composition  and  style  of  the  accounts  of  the  experiment :  these  not^s 
should  represent  the  scholar's  own  version  of  the  experiment.  The 
primary  purpose  of  such  a  course  is  to  produce  accurate  habits  of  thought 
and  work,  and  the  mere  giving  of  information  should  be  subordinate  to 
this  purpose. 

*  In  giving  instruction  in  Object  Lessons  teachers  should  make  a  dis- 
tinction between  observation  of  the  Object  itself  and  giving  information 
about  the  Object.  The  pupils  in  the  first  instance  should  bo  asked  closely 
bo  oberve  the  Object,  and  to  describe  everything  they  can  see  or  discover 
about  it,  before  the  teacher  gives  any  instruction  on  the  Object.  In 
connection  with  Object  Lessons  and  Elementary  Science  Lessons,  as  in  con- 
nection with  Manual  and  Practical  Instruction,  the  Heuristic  method 
should  be  continuously  employed.  The  pupils  should  cultivate  the  habit 
of  obtaining  knowledge  directly  and  at  first  hand,  finding  out  for  them- 
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selves^  and  thus  developing  the  faculty  of  observation.  Children  should 
also  be  encouraged  to  make  collections  of  Natural  Objects  to  be  found  in 
the  vicinity  of  the  schools,  and  each  school  should  have  a  Museum  formed 
as  far  as  possible  from  the  collections  of  the  pupils.  Shells,  stones, 
flowers,  <kc.,  would  form  most  appropriate  objects  for  a  School  Museum. 

*  A  most  useful  combination  of  Drawing  and  Clay  Modelling  can  be 
introduced  as  a  help  to  the  pupils  in  Object  Lessons.  Children  should  be 
encouraged  to  make  simple  drawings  or  models  in  clay  of  the  simpler 
Objects.  As  with  Drawing,  the  teacher  should  make  frequent  use  of  the 
blackboard  in  connection  with  Object  Lessons. 

'  Where  the  circumstances  are  suitable,  school  excursions,  to  see  Objects 
in  their  habitats,  could  be  beneficially  undertaken.  Thus,  a  visit  to  the 
Zoological  Gardens  would  enable  the  children  to  compare  types  of  domestic 
animals  with  which  they  are  familiar  with  wild  animals  of  the  same 
general  order.  In  the  same  way  periodical  visits  to  a  good  kitchen 
garden  would  form  an  excellent  series  of  Object  Lessons  of  a  real  and 
useful  character.  While  Object  Lessons  make  the  school  lives  of  the 
children  more  happy,  they  also  fulfil  three  principal  and  most  important 
uses  :  they  teach  the  children  to  observe,  compare,  and  contrast ;  they 
impart  information ;  and  they  form  the  basis  for  instruction  in  Drawing,  «kc, 

*  The  courses  in  Elementary  Science  detailed  in  Section  V.  of  Pro- 
gramme are  not  too  difficult  for  the  ordinary  National  School  pupil.  And 
here,  again,  the  Commissioners  think  it  necessary  to  remark  that  by  the 
courses  in  Elementary  Science  they  do  not  wish  to  train  electricians,  agri- 
culturists, &c.y  but  they  wish  to  give  all  pupils  useful  instruction,  and 
the  possible  future  electrician  or  agriculturist  such  a  knowledge  of  the 
great  natural  principles  underlying  his  profession  as  will  enable  him  to 
pursue  it  with  success  in  after  life. 

*  The  great  end  teachers  should  endeavour  to  secure  in  connection  with 
Elementary  Science  is  to  produce  the  scientific  habit  of  research,  and  to 
impress  the  leading  scientific  principles  upon  the  nascent  intelligence  by 
observation  and  simple  experiment  on  the  part  of  the  pupils,  and  by  plain 
expository  and  practical  illustration  on  the  part  of  the  teacher. 

*  As  a  help  to  instruction  in  Course  II.,  every  school  should,  whenever 
possible,  have  a  small  plot  of  ground  as  a  garden.  If  this  is  not  feasible, 
garden  boxes  should  be  placed  in  the  windows,  and  be  planted  with  the 
simpler  flowers,  which  could  be  used  for  illustrating  the  lessons.  The 
gardens  and  boxes  would,  moreover,  make  the  schools  more  cheerful  and 
attractive  to  the  children,  and  would  aid  largely  in  the  development  of 
artistic  taste  and  a  love  of  Nature.' 


Correspondiruj  Societies  Committee, — Report  of  the  Committee,  consisting 
of  Mr.  W.  Whitaker  (Chairman)^  Mr.  T.  V.  Holmes  (Secretary j, 
Professor  R.  Meldola,  Mr.  Francis  Galton,  Sir  John  Evans, 
Dr.  J.  G.  Garson,  Mr.  J.  Hopkinson,  Professor  T.  G.  Bonney, 
the  Ifite  Sir  Cuthbert  Peek,  Dr.  Horace  T.  Brown,  Rev.  J.  0. 
Bevan,  Professor  W.  W.  Watts,  Rev.  T.  R.  R.  Stebbing,  Mr. 
C.  H.  Read,  and  Mr.  F.  W.  Rudler. 

The  Corresponding  Sdcieties  Committee  have  to  report  that  in  conformity 

with  their  resolution  mentioned  in  the  Report  of  last  year  notice  was 

sent  in  March  last  to  the  Corresponding  Societies  inviting  them  to -consider 
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what  subjects  they  wish  to  have  discussed  at  the  Conference  of  Delegates 
at  Glasgow.  To  this  request  only  one  Society,  namely,  the  Hertfordshire 
Natural  History  and  Field  Olub,  responded,  suggesting  for  the  considera- 
tion by  the  Delegates  *  The  desirability  of  County  Photographic  Surveys.' 
As,  however,  the  Delegate  nominated  by  that  Society  afterwards  found 
that  he  was  unable  to  be  present  at  Qlasgow  there  was  a  subsequent 
request  that  the  consideration  of  the  subject  be  postponed.  The  Rev. 
J.  O.  Sevan's  offer  to  bring  before  the  Delegates  the  proposition  '  That  the 
Committees  of  the  Corresponding  Societies  be  invited  to  lay  before  their 
members  the  necessity  of  carrying  on  a  systematic  survey  of  their 
counties  in  respect  to  ethnology,  ethnography,  botany,  meteorology, 
ornithology,  archaeology,  folklore,  ka.y  and  Mr.  C.  H.  Rctftd's  request  to 
have  an  opportunity  of  introducing  *  A  plea  for  an  Ordnance  Map  Index 
of  Prehistoric  Remains '  were  accepted  as  subjects  for  discussion  at  the 
Conference  of  Delegates  at  Glasgow,  and  notice  of  the  same  was  sent  by 
the  Assistant  General  Secretary  to  the  Delegates  on  receipt  of  their 
names  from  the  Secretaries  of  their  respective  Societies.  Tlie  question 
of  copyright,  which  was  a  topic  of  discussion  at  the  Conference  of  Dele- 
gates at  Bradford  last  year,  having  been  taken  up  by  the  Council  of  the 
Association,  and  they  having  authorised  the  General  OfiBoers  of  the 
Association  to  co-operate  with  other  Societies  in  regard  to  the  question 
if  a  Bill  be  again  brought  before  Parliament,  the  Committee  have  taken 
no  further  action  in  the  matter. 

The  Marine  Biological  Association  of  the  West  of  Scotland  and  the 
Haslemere  Microscope  and  Natural  History  Society  were  added  to  the 
list  of  Corresponding  Societies.  The  Mining  Association  and  Institute 
of  Cornwall  was  removed  from  the  list^  it  having  ceased  to  publish. 

Report  of  the  Conference  of  Delegates  of  Corresponding  Societies 
held  at  Glasgow,  September  1901. 

Mr.  F.  W.  Rudler,  F.G.S.,  Chairman,  Mr.  W.  Whitaker,  F.R.S., 
Vice-Chairman,  and  Dr.  J.  G.  Garson  and  Mr.  Alexander  Somerville, 
Secretaries. 

The  Conferences  were  held  on  Thursday,  September  12,  and  Tuesday, 
September  17,  at  3  o'clock  p.m.,  in  the  Medical  Jurisprudence  Class  Room 
of  the  University,  which  was  also  open  to  Delegates  to  meet  in  at  any  time 
of  the  day  during  the  meeting  of  the  Association.  Professor  Glaister, 
moreover,  was  good  enough  to  place  his  retiring  room  adjoining  the  class 
room  at  the  disposal  of  the  officers  for  meetings  of  Committee.  For  this 
indulgence  the  best  thanks  of  the  Committee  are  due  to  Professor 
Glaister.  The  following  Corresponding  Societies  nominated  Delegates  to 
represent  them  at  the  Conferences.  The  attendance  of  Delegates  at  the 
Conferences  is  indicated  by  the  figures  1  and  2  placed  in  the  margin 
opposite  each  Society,  the  former  figure  referring  to  the  first  Conference, 
the  latter  to  the  second  Conference.  Where  no  figure  is  shown  the 
Society  will  understand  that  its  Delegate  did  not  attend  either  of  the 
Conferences,  and  that  it  was  therefoi'e  not  represented. 

List  of  Societies  sending  Delegates, 

Andersonian  Naturalists'  Society        .  G.  F.  Scott-Elliot,  M.A.,  B.Sc, 

1    2    Belfast  NaturaUsts*  Field  Club   .        .  William  Gray,  M.R.I.A. 

1    2    Belfast  Natural  History  and  Philoso-  John  Brown, 
phical  Society 
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First  Conference^  September  12. 

A  CJonference  of  the  Delegates  of  the  Corresponding  Societies  in 
connection  with  the  British  Association  was  held  in  the  Medical  Juris- 
prudence Lecture  Theatre  of  the  Glasgow  University  on  Thursday, 
September  12,  1901,  Mr.  F.  W.  Budler,  F.G.S.,  Chairman,  presiding. 

H  n  2 


Digitized  by 


Google 


468  REPORT — 1901 

The  Corresponding  Societies  Committee  were  represented  at  the  Confer- 
ence by  the  Chairman,  Mr.  F.  W.  Rudler,  the  Secretary,  Dr.  J.  G.  Garson, 
the  Rev.  J.  0.  Bevan,  and  Professor  W.  W.  Watts.  The  representatives 
of  the  Societies  who  attended  will  be  seen  from  the  list  of  Delegates. 

The  Chairman,  in  opening  the  proceedings,  said  : — If  I  may  judge 
from  the  opinions  which  have  been  expressed  at  some  former  meetings,  it 
will  be  the  general  desire  of  the  Delegates,  whom  I  have  now  the  pleasure 
to  welcome,  that  our  present  Conference  shall  be  utilised  for  the  dis- 
cussion in  a  brief  and  business-like  fashion  of  any  suggestions  which 
may  be  made  for  improving  the  work  of  our  local  Scientific  Societies.  No 
one  mistakes  this  Conference  for  a  supplementary  Section  of  the  Associa- 
tion ;  no  one  comes  here,  I  hope,  expecting  to  hear  formal  addresses  and 
scientific  papers  such  as  he  may  hear  and  discuss  at  his  own  Society. 
But  the  prime  object  of  these  meetings,  I  take  it^  is  to  bring  together 
representative  members  of  various  extra-metropolitan  Societies,  so  that 
once  a  year  at  least  they  may  have  an  opportunity  of  rubbing  shoulder 
to  shoulder ;  and,  by  social  intercourse  and  a  healthy  exchange  of  ideas,  may 
overcome  any  of  the  disadvantages  which,  in  the  case  of  the  smaller 
provincial  Societies,  are  likely  to  arise  from  insulation. 

But  although  a  formal  address  is  not  exacted  from  the  Chair,  yet  I 
understand  that  some  brief  informal  remarks  by  way  of  introduction  to 
our  work  are  not  only  usually  tolerated,  but  have  rather  come  to  be 
expected.  On  this  occasion  it  might  perhaps  be  assumed  that  from  my 
official  connection  with  museum  work  I  should  take  advantage  of  my 
position  to  say  something  about  the  relation  of  local  Scientific  Societies  to 
local  museums.  That,  however,  is  a  subject  which  has  already  been  dealt 
with  at  some  of  these  meetings,  notably  at  the  Oxford  Conference  of 
1894,  when  an  interesting  discussion  on  local  museums — their  origin 
organisation,  and  maintenance — was  initiated  by  the  late  Sir  Cuthbert 
Peek.  This  name  I  cannot  mention  without  adding  an  expression  of 
personal  regret  at  the  loss  which  we  have  unexpectedly  suffered.  Sir 
Cuthbert  was  a  member  of  the  Corresponding  Societies  Committee,  and 
a  frequent  attendant  at  these  meetings  ;  a  man  of  very  varied  scientific 
interests,  from  whom,  being  in  the  prime  of  life,  much  good  work  might 
have  been  reasonably  expected  in  the  future. 

In  connection  with  museums  it  occurs  to  me  that  there  is  one 
unambitious  piece  of  work  which  local  Scientific  Societies  might  readily 
and  usefully  undertake — work  which  no  doubt  has  been  to  some  extent 
already  accomplished,  but  which  has  rarely  been  carried  out  persistently 
and  systematically.  I  refer  to  the  Registration  of  Type-specimens. 
Every  working  naturalist  from  time  to  time  finds  himself  confronted 
with  the  difficult  tusk  of  tracing  types  and  figured  specimens.  These  are 
scattered  far  and  wide  over  the  country,  often  in  provincial  museums, 
sometimes  in  private  collections,  and  occasionally  coming  to  light  in 
quarters  where  they  would  be  least  expected.  Undoubtedly  the  best 
central  treasure-house  for  all  scientific  specimens  of  exceptional  interest 
is  the  British  Museum,  and  the  best  thing  to  do  with  a  type-specimen  is 
to  present  it  to  that  Museum.  But  in  certain  cases  there  will  always  be 
more  or  less  objection  to  this  course,  and  then  the  next  best  thing  is 
obviously  to  place  it  in  some  provincial  institution  and  let  the  scientific 
world  know  its  whereabouts.  No  doubt  this  has  already  been  done  to  a 
limited  extent.  Thus  Committees  of  the  British  Association  have  been 
appointed  to  deal  with  particular  groups  of  types,  such  as  fossils ;  but 
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what  I  am  anxious  to  urge  is  the  importance  of  prosecuting  the  work  in  a 
systematic  manner,  and  extending  it  to  all  departments  of  natural  history. 

So  far  as  concerns  the  types  which  are  preserved  in  provincial 
museums  it  may  be  said,  probably,  that  the  work  should  be  done  either 
by  the  museum  itself  or  by  that  excellent  institution,  the  Museums 
Association,  an  Association  which  has  recently  increased  its  usefulness  by 
the  issue  of  a  monthly  journal,  which  I  may  commend  to  the  attention  of 
local  Societies.  It  is  true  that  some  of  the  larger  museums  have  already 
published,  or  are  now  engaged  in  publishing,  lists  of  their  type-specimens, 
or  at  least  certain  classes  of  types.  But  most  museums  fail  to  possess  the 
means  of  carrying  out  such  work  and  properly  publishing  the  results,  and 
therefore  could  hardly  resent  the  interference  of  a  local  Society.  More- 
over a  museum  could  not  be  expected  to  take  cognisance  of  specimens  in 
private  hands,  whereas  a  Committee  of  the  local  Scientific  Society  could 
make  it  its  business  to  seek  out  all  the  type- specimens  within  its  sphere 
of  influence,  whether  in  the  local  museum  or  in  private  collections,  and 
could  give  permanence  and  publicity  to  the  information  thus  acquired  by 
printing  the  schedules  of  types  in  its  proceedings. 

The  same  kind  of  research  might,  in  my  opinion,  be  extended  with 
advantage  fo  local  antiquities,  at  least  to  those  of  prehistoric  age.  Each 
Society  might  fitly  publish  lists  of  the  antiquities  which  have  been 
discovered  within  its  own  district,  and  which  have  been  described  and 
figured.  Where  the  specimens  remain  in  private  hands,  it  is  often 
difficult,  and  sometimes  impossible,  to  trace  them,  but  no  one  is  likely  to 
be  more  successful  in  the  search  than  the  members  of  the  local  Society. 
The  advantage  of  knowing,  when  working  at  any  particular  subject, 
where  the  original  specimens  are  located  is  so  obvious  that  I  venture  to 
hope  that  the  Delegates  may  see  their  way  to  urge  the  Societies  which  they 
respectively  represent  to  move  in  the  direction  which  I  have  indicated. 

It  seems  to  me  doubtful  whether  it  is  desirable  to  suggest  at  this 
Conference  many  new  lines  of  work  to  be  taken  up  by  our  local  Societies. 
In  most  cases  they  already  possess  programmes  which  are  pretty  heavily 
weighted,  some  Societies  perhaps  undertaking  even  more  than  they  c^vn 
satisfactorily  accomplish  ;  and  I  believe  it  would  probably  be  better  in 
most  cases  to  systematise  and  improve  the  existing  work  than  to  attempt 
the  introduction  of  new  departments  of  study.  The  governing  body  iu 
each  Society  might  well  be  charged  with  the  duty  of  seeing  that  the  work 
is  worthy  of  the  present  position  of  science.  The  steady  growth  of 
scientific  education  in  this  country  during  recent  years  ought  to  tell 
most  favourably  upon  the  character  of  our  local  Societies.  New  members 
come  prepared  with  a  groundwork  of  scientific  training  unknown  to  most 
of  the  older  members  at  the  time  they  entered,  and  as  a  consequence  the 
work  of  the  Society  should  be  lifted  to  a  higher  level  than  that  on  which 
we  were  formerly  content  to  let  it  rest.  It  is  satisfactory  to  note  that  i.i 
many  cases  this  has  been  thoroughly  realised,  and  indeed  a  review  of  the 
proceedings  of  the  various  local  Societies  at  the  present  day  shows  that  a 
high  standard  of  excellence  is  often  attained. 

With  regard  to  geology — the  department  of  natural  knowledge  in 
which  I  happen  to  be  specially  interested — it  is  a  matter  of  congratulation 
that  so  much  good  work  should  be  accomplished  by  the  several  Societies 
which  are  in  correspondence  with  the  British  Association.  Not  only  are 
the  local  sections,  the  fossils,  and  the  rocks  receiving  attention  from  those 
members  who  are  interested  respectively  in  stratigraphy,  in  palceontology. 
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and  in  petrology,  but  attention  is  being  directed  to  the  physiographic 
features  of  the  district  worked  by  the  Society,  or  to  that  branch  of  inquiry 
which  is  nowadays  known  as  geomorphology.  In  working  out  the  history 
of  the  local  topographic  forms  the  geologist  and  the  geographer  join 
hands,  and  a  grand  field  is  opened  up  for  just  that  kind  of  work  which 
many  members  may  take  up  with  great  advantage.  On  the  fascinating 
subject  of  river  development,  for  instance,  I  may  point  to  recent  papers 
by  Mr.  Buckman,  read  to  the  Cottswold  Field  Club,  and  by  Mr.  Paul  to 
the  Leicester  Literary  and  Philosophical  Society.  Each  local  Society 
might  well  work  out  the  history  of  the  rivers  in  its  own  province,  seeking 
to  explain  the  whims  of  each  stream,  why  it  flows  in  this  direction  rather 
than  in  that,  how  it  has  flowed  in  the  past,  and  how  it  may  possibly  flow 
in  the  future.  Mr.  Cowper  Heed's  recent  Sedgwick  Essay  on  the  Rivers 
of  East  Yorkshire  may  be  taken  as  an  example  of  what  may  be  done  in 
this  respect.  In  the  modern  view  of  river  development,  largely  due  to 
American  geologists,  the  stream  is  regarded  as  working  its  way  down- 
wards, cutting  its  channel  deeper  and  deeper,  until  it  eventually  reaches 
what  Major  Powell  has  called  its  *  base-level.*  Then  ceasing  to  work  in 
this  way,  it  meanders  sluggishly  over  its  plain,  until  an  uplift  is  effected 
by  some  earth-movement,  when  a  period  of  rejuvenescence  sets  in,  and  a 
new  cycle  of  erosive  activity  is  initiated.  In  a  somewhat  similar  manner 
it  may  happen  that  a  local  Society,  which  in  its  youth  was  vigorous  as  a 
mountain  stream,  gradually  flnds  its  energy  on  the  wane,  and  may  at 
length  reach  a  base-level  of  existence,  when  it  flows  placidly  along,  like 
the  river  in  its  lower  reaches,  very  beautiful,  and  no  doubt  useful  in  its 
way,  yet  decidedly  sluggish.  But  these  annual  meetings  ought  to  act  as 
elevatory  agencies,  restoring  strength  and  revivifpng  the  working  powers. 
Let  us  hope,  at  any  rate,  that  our  present  Conference  may  represent  one 
of  these  periodical  uplifts,  and  may  be  the  means  of  starting  some  local 
Society  upon  a  fresh  career  of  healthy  activity. 

I  ask  you  to  pardon  me  for  having  trespassed  upon  your  time  by  these 
prefatory  remarks,  and  we  shall  pass  now  to  the  solid  business  which 
Dr.  Garson  has  to  bring  before  us.  It  appears  that  a  circular  was 
addressed  on  August  14  to  the  various  Societies  explaining  that  this 
meeting  was  to  be  held,  and  that  a  communication  would  be  received 
from  Mr.  Head,  the  Keeper  of  British  Antiquities  in  the  British  Museum, 
respecting  an  Index  Map  of  Prehistoric  Remains,  but  I  fear  he  has  not 
been  able  to  attend  the  meeting.  Secondly,  there  is  a  communication  to 
be  received  from  the  Rev.  J.  O.  Bevan,  with  a  resolution  to  the  effect 
that  the  Committees  of  the  Corresponding  Societies  be  invited  to  lay 
before  their  membei*s  the  necessity  of  carrying  on  a  systematic  survey  of 
their  counties  or  districts  in  respect  to  ethnography,  ethnology,  meteorology, 
ornithology,  <fec.  I  am  happy  to  say  that  Mr.  Bevan  is  with  us,  and  perhaps 
he  will  favour  us  with  his  communication. 

Dr.  Vaughan  Cornish  :  On  the  matter  of  order,  before  proceeding 
to  a  fresh  subject  for  the  consideration  of  this  Conference,  I  for  one 
should  like  to  know  what  has  been  done  with  reference  to  the  communi- 
cations brought  before  us  last  year,  in  which  we  were  asked  to  do  certain 
things  which  we  were  told  would  be  of  advantage  to  science.  I  should 
like  to  hear  some  report  of  the  result  of  our  efforts,  and  if  it  is  not  too  late 
I  should  rather  like  to  know  what  was  the  result  of  the  communications 
and  work  which  we  did  in  the  previous  year ;  and  I  think  some  of  us 
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will  be  interested  also,  although  it  is  a  matter  of  ancient  history,  to  know 
the  result  of  the  eflforts  made  in  the  year  before  that.  These  years  cover 
the  extent  of  my  official  connection  with  the  Conferences,  and  on  each  of 
these  occasions  a  learned  gentleman  has  come  before  us  and  pointed  out 
our  shortcomings,  and  has  urged  us  to  fresh  activities  ;  but  we  have  gone 
away,  and  what  we  have  done  or  what  other  Delegates  have  done  I  for 
one  do  not  know,  because  in  the  succeeding  year  there  has  been  such  a 
hurry  to  bring  on  the  next  proceedings  that  they  have  made  no  report  of 
the  last  year's  proceedings. 

The  Chairman  :  Personally  I  am  very  grateful  to  Dr.  Cornish  for 
bringing  forward  this  subject,  because  it  enables  me  to  point  out  that 
though  the  bread  which  we  cast  upon  the  waters  here  may  not  always 
return  to  us,  it  may  be  carried  elsewhere  and  feed  some  excellent  Societies 
or  other  bodies  with  scientific  pabulum.  Last  year  a  special  communication 
was  made  by  Professor  Miall  on  the  subject  of  Dew-ponds,  and  I  took 
occasion  on  seeing  him  yesterday  to  inquire  whether  any  work  had  been 
done  following  his  suggestions.  It  was  explained  to  me  that  he  did  not 
know  that  any  Society  had  yet  taken  up  the  suggestions,  but  that  he  had, 
with  some  friends,  been  carrying  on  his  investigations,  and  I  believe  that  a 
person  who  gave  him  very  great  assistance  in  that  direction  in  consequence 
of  the  subject  having  been  brought  before  the  last  Conference  was  the 
Rev.  Mr.  Cornish,  brother  of  Dr.  Cornish,  so  that  possibly  Dr.  Cornish 
himself  could  tell  us  what  was  done  better  than  anyone  else  here. 
Something,  therefore,  has  been  accomplished,  but  the  results  have  not 
been  brought  before  the  Association. 

Dr.  Cornish  :  We  sometimes  meet  here  and  express  doubts  as  to  our 
usefulness.  My  impression  is  that  we  really  have  done  a  good  deal  of 
work  in  the  last  three  years,  but  sufficient  pains  have  not  been  taken  to 
indicate  the  results  from  year  to  year  ;  and  I  throw  it  out  as  a  suggestion 
that  at  future  Conferences  the  record  of  the  past  year  should  pre^de  the 
reception  of  the  paper  in  the  next  year. 

Mr.  Eli  Sowerbutts  :  We  sometimes  have  matters  brought  before  us 
of  no  possible  interest  to  us  in  the  North,  and  it  seems  to  be  getting 
the  habit  to  have  long  papers  read  to  us,  whether  we  want  them  or  not. 
The  difficulty  lies  in  this,  that  there  are  no  means  of  having  communi- 
cation between  any  of  the  Societies.  We  want  these  meetings  to  be  of 
use  to  the  British  Association,  but  in  a  secondary  way  there  is  a  vast 
amount  of  use  which  the  Delegates'  meetings  may  be  to  the  various 
Societies  scattered  all  over  the  kingdom  ;  and  we  have  great  need  for  some 
meetings  by  which  we  could  come  more  in  contact.  We  are  working  in 
our  little  colonies  here  and  there,  and  we  think  we  are  doing  very  well. 
Some  man  may  be  doing  the  same  thing  elsewhere  under  great  dis- 
couragement, and  if  he  could  communicate  with  us,  through  the  Secretary, 
I  think  that  we  might  be  able  to  help  one  another. 

Dr.  Garson  :  In  order  to  allow  us  to  get  on  with  the  business  to-day, 
I  may  at  once  explain  this  matter  by  reminding  the  Delegates  that  at  the 
Second  Conference  they  are  put  in  communication  with  the  Secretaries 
of  the  various  Committees  appointed  by  the  British  Association  each  year, 
and  it  is  from  them  that  the  Delegate^  or  the  Secretaries  of  Societies  must 
receive  and  to  whom  they  should  give  information  as  to  what  their 
Societies  are  able  to  do  locally  to  further  any  investigation  that  a  Com- 
mittee of  the  Association  is  engaged  on.  What  is  actually  done  by  the 
various  Corresponding  Societies,  and  the  assistance  which  they  have  been 
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able  to  gire,  should  be  stated  in  the  reports  of  the  various  Committees 
which  appear  in  the  Annual  Report  of  the  Association. 

After  a  long  discussion  Captain  Dubois  Phillips  (Liverpool)  gave 
notice  of  a  motion,  to  be  brought  forward  at  the  next  meeting,  requesting 
that  the  Conference  should  receive  each  year  a  report  on  the  outcome  of 
the  work  of  the  previous  year. 

The  Chairman  then  called  on  the  Rev.  J.  O.  Bevan  to  open  the  subject 
accepted  of  him  by  the  Corresponding  Societies  Committee  for  discussion 
at  this  Conference  :  *  That  the  Committees  of  the  Corresponding  Societies 
h^.  invited  to  lay  before  their  Members  the  necessity  of  carrying  on  a 
systematic  survey  of  their  counties  in  respect  to  ethnology,  ethnography, 
botany,  meteorology,  ornithology,  archaeology,  folklore,  &c.' 

Mr.  Bevan  said  : — 

Looking  at  the  number  of  Societies  involved — at  the  facts  that  they  are 
at  work  all  the  year  round,  collecting  and  assorting  material — that  a 
spirit  of  inquiry  has  been  evoked  as  to  the  means  by  which  a  larger 
number  of  Societies  could  be  knit  to  the  General  Association  and  a  more 
complete  co-ordination  secured — it  seems  permissible  to  think  that  (with 
proper  care  and  foresight)  the  Conference  of  Delegates  bids  fair  to  become 
as  important  an  element  of  the  British  Association  as  any  of  the  Sections  ; 
nay,  more,  that  it  may  be  developed  so  as  to  fulfil  an  independent  function 
and  to  constitute  the  Association  a  General  Clearing  House  of  Science. 

For  some  time  past  the  Delegates  have  been  inquiring  at  the  annual 
meetings  :  *  What  can  we  do — what  can  our  Society  do — to  further  the 
ends  of  science  through  the  Association  ? ' 

Undeniably,  the  complete  solution  of  this  question  will  demand  more 
thought  and  energy  on  the  part  of  the  Delegates,  and  on  that  of  the 
Corresponding  Societies  Committee  ;  but  it  need  hardly  be  contended 
that  if  a  thing  be  worth  doing  it  is  worth  doing  well,  or  that  if  a  Con- 
ference of  Delegates  be  run  at  all  it  should  be  run  on  business  lines. 

In  all  countries  there  is,  and  has  long  been  going  on,  the  preparation 
of  more  or  less  complete  researches,  and  even  the  production  of  mono- 
graphs dealing  with  all  forms  of  nature  and  life — of  archaeology  and 
history — of  population  and  resources^-of  health  and  disease — and  the 
like  ;  but  this  has  been  usually  without  preliminary  consultation  and 
agreement  between  the  several  bodies  engaged  as  to  details  of  plan  or 
scale.  Consequently,  the  work  is  carried  on  without  any  unity  as  to 
the  result,  eventuating  in  greatly  diminished  usefulness  and  even 
intelligibility.  Hence,  the  existence  of  general  surveys— ordnance,  geo- 
logical, meteorological,  botanical,  anthropological,  and  archaeological — 
in  all  stages  of  conjecture  and  incompleteness ;  but  the  interrela- 
tions of  things,  e.g.y  of  geology  with  geography — of  flora  and  fauna 
with  soil  and  climate^-of  territory  with  race  and  occupation,  with 
national  character  and  religious  belief — ^have  been  suffered  to  remain 
unrecognised.  Thus  national,  and  especially  international,  comparison  is 
rendered  extremely  difficult ;  in  fact,  no  adequate  comparison  can  be  said 
to  exist.  One  of  the  conclusions  at  which  we  arrive  is  that  even  the 
better  monographic  work  of  the  past  needs  collation,  rearrangement,  and 
revision.  The  solution  of  the  problem,  however,  is  fairly  in  sight,  viz., 
that  of  uniting  all  surveys  into  a  regional  survey,  in  which,  as  £ar  as 
possible,  all  the  classes  of  phenomena  occurring  in  a  specific  region  can 
be  observed,  recorded,  and  correlated  with  each  other,  so  as  to  hinge 
together  all  the  sequences  of  cause  and  effect. 
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In  part,  from  its  general  character,  the  work  must  be  carried  out 
under  Government  sanction  and  authority,  as  in  the  case  of  the  Geological, 
Ordnance,  and  Census  Surveys.  Again,  the  Society  of  Antiquaries  has 
elaborated  a  scheme  for  the  archaeological  survey  of  England  and  Wales. 
The  work,  however,  progresses  slowly,  and  does  not  touch  Scotland  or 
Ireland.  Here  at  once  is  opened  out  a  wide  field  of  useful  effort  on  the 
part  of  local  Societies  well  within  the  compass  of  individual  members — 
work  as  interesting  as  useful,  lending  itself  as  it  does,  to  literary,  photo- 
graphic, and  artistic  illustration.  In  this  connection,  moreover,  the 
labours  of  the  National  Photographic  Survey,  under  Sir  J.  B.  Stone,  may 
be  indicated.  But  it  is  clear  that  investigation  under  more  systematic 
lines  is  to  be  desiderated  in  respect  of  regional  surveys  throughout  Great 
Britain  and  Ireland.  This  need  was  touched  upon  at  the  International 
Assembly  in  Paris  in  1900,  and  circumstances  at  the  Glasgow  meeting  of 
the  British  Association  seem  favourable  for  pressing  the  matter  home.  It 
is  specifically  alluded  to  in  this  paper,  inasmuch  as  the  subject  is  one  in 
which  the  Corresponding  Societies,  without  exception,  would  have  an 
interest,  and  in  which  would  be  employed  the  energies  of  many  members, 
each  in  his  own  sphere  and  in  the  exercise  of  his  own  special  gift. 

It  is  plain  that  unless  the  work  is  conducted  and  systeroatised  through 
some  central  organisation,  and  tabulated  on  forms  supplied  or  accepted 
by  that  organisation,  a  great  part  would  be  rendered  useless  or  difficult 
of  comparison. 

The  interchange  of  photographs  and  specimens  would  be  a  branch  of 
the  undertaking  of  great  interest,  and,  besides,  would  contribute  to  an 
important  object,  viz.,  intercommunication  between  Societies  of  kindred  aim. 

It  is  hereby  suggested  that  the  Conference  of  Delegates  should  select 
one  or  more  subjects  of  pressing  interest,  and  undertake  to  bring  before 
the  respective  Societies  the  advisability  of  undertaking  systematic  work 
(each  in  its  own  district)  in  these  directions.  These  affiliated  Societies, 
through  their  Delegates,  would  be  expected  to  make  a  return  of  the  results 
— partial  or  complete — at  the  ensuing  meeting  of  the  British  Association. 

In  the  choice  of  subjects  three  considerations  (at  least)  present  them- 
selves : — 

(a)  They  should  be  of  a  general  kind,  capable  of  being  worked  up  by 
the  local  Societies  in  their  respective  districts. 

(h)  A  preliminary  arrangement  should  be  arrived  at  whereby  may  be 
determined  the  lines  and  limits  of  investigation,  the  mode  of  tabulation  of 
results,  the  scale  of  chart  or  map,  the  scheme  of  symbolical  representation, 
coloration,  nomenclature,  conventional  arrangement  of  detail,  the  method, 
form,  size  of  publication,  and  the  like. 

(c)  A  special  society  or  expert  should  be  indicated  as  ready  to  advise 
in  regard  to  each  of  the  particular  subjects. 

The  ends  to  be  gained  are  these  :  The  taking  stock  of  all  facts  by  a 
connected  series  of  methodical  surveys ;  their  registration  before  the 
corroding  effect  of  time,  the  amalgamation  of  race,  or  any  other  cause, 
puts  it  beyond  the  reach  of  effort ;  the  full  completion  of  surveys  already 
begun  ;  the  setting  forth  of  results  in  a  manner  directly  susceptible  of 
useful  comparison.  A  collateral  advantage  would  be  the  discovery  of  a 
considerable  amount  of  work  already  elaborated,  and  (with  necessary 
revision  and  reduction  to  the  common  scale)  its  inclusion  in  the  General 
Survey. 
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A  beginning  or  an  extension  of  past  work  might  be  made  in  respect 
of— 

Meteorological  and  seismological  phenomena. 

Life  zones. 

Registration  of  type  specimens. 

Photographs  of  sections ;  records  of  well-borings,  <tc. 

Phenomena  of  glaciation  ;  erratic  blocks. 

Origin  of  lakes  ;  changes  of  area  and  depth. 

Coast  and  river  erosion. 

Pond,  cavern,  underground  life. 

Ethnographical,  ethnological,  archaeological  surveys. 

Botanical  survey  to  include  fungi  and  algae. 

Phenological  observations. 

It  will  be  understood  that  this  list  is  provisional,  but  it  is  selected  by 
reason  of  the  fact  that  the  field  has  been  already  entered  upon,  and  that 
little  further  organisation  is  needed. 

The  Conference  will  make  it  clear  that  there  is  no  intention  to  dictate 
to  the  various  Societies  involved.  The  suggestions  are  tentatively  put 
forth  in  the  interests  of  scientific  research,  and  in  response  to  the  demand 
frequently  made  by  Delegates.  Each  Society  will  consider  the  matter, 
and,  in  its  wisdom,  deal  with  the  subject  which  seems  the  more  nearly  to 
come  within  its  purview. 

Certain  objections  may  be  forestalled  : — 

(a)  '  Many  Societies  are  composed  of  men  possessing  neither  the  inclina- 
tion nor  ability  to  take  a  share  in  a  work  of  this  kind,  a  few  individuals 
constituting  the  leading  spirits.'  From  such  associations  much  will  not 
be  expected.  Even  in  this  case,  however,  the  course  suggested  may  act 
by  way  of  stimulation,  and  these  Societies  are  the  ones  which  need  to  be 
waked  up. 

(b)  *  The  work  is  already  done  by  our  Society  for  its  own  neighbour- 
hood. Yes,  but  is  it  on  the  proper  lines,  and  can  it  be  brought  rorward 
for  publication  on  the  accepted  system  ? 

(c)  *  A  danger  exists  lest  persons  filled  with  enthusiasm,  but  otherwise 
imperfectly  qualified  for  the  task,  should  be  incited  to  essay  the  task. 
This  might  lead  to  the  production  of  results  false  and  misleading.'  But 
it  is  proposed  that  persons  anxious  to  conduct  any  inquiry,  or  to  co-operate 
therein,  should  be  referred  by  the  Committee  of  the  Corresponding  Society 
to  a  Society  or  individual  expert  in  the  work  who  would  be  in  a  position 
both  to  furnish  direction  and  to  check  results. 

I  venture  to  move  the  resolution  which  stands  in  my  name — *  That 
the  Committees  of  the  Corresponding  Societies  be  invited  to  lay  before 
their  members  the  necessity  of  carrying  on  a  systematic  survey  of  their 
counties  or  districts  in  respect  of  ethnography,  ethnology,  meteorology, 
ornithology,  <fec.' 

Mr.  Gray  :  I  have  very  great  pleasure  in  seconding  the  resolution.  I 
think  the  communication  which  Mr.  Bevan  has  read  is  one  of  the  most 
valuable  that  we  have  had  as  crystallising  our  efforts  and  pointing  out 
what  we  should  really  do.  Anything  in  connection  with  the  British 
Association  must  be  done  in  an  organised  way.  I  have  been  a  Delegate 
to  this  Conference  from  the  Belfast  Naturalists'  Field  Club  for  many 
years,  and  I  do  think  that  the  Conference  itself  has  acted  like  the  river 
that  the  Chairman  described.  The  Society  I  represent  is  an  active 
Society.     Of  course  we  are  composed  of  Irishmen,  and  necessarily  active, 
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and  we  have  done  and  desire  to  do  good  work.  With  the  exception  of 
Yorkshire,  which  has  a  number  of  organised  Societies  joined  together,  no 
one  Society  has  done  more  than  my  own  Society.  No  one  has  done  more 
for  archieology,  and  we  have  more  material  than  any  similar  Society  in 
Great  Britain.  I  myself  started  many  years  ago  with  a  systematic 
grouping  of  the  ancient  monuments  of  Antrim  and  Down,  but  our  local 
work  is  not  made  generally  useful  for  national  purposes  owing  to  tho 
want  of  a  proper  systematic  scheme,  which  should  be  formulated  by  a 
central  authority  like  the  British  Association.  It  is  perfectly  useless  for 
any  local  Society  to  start  a  system  of  its  own,  because  that  will  be  applied 
only  locally,  and  we  must  adopt  some  systematised  method.  I  therefore 
say  that  there  should  be  an  instruction  to  such  a  Society  as  ours  as  to 
the  lines  on  which  we  should  act.  I  understand  that  to  be  the  object  of 
this  Conference,  and  I  hope  the  suggestions  will  be  taken  so  that  we  may 
act  upon  the  lines  laid  down,  and  do  very  much  more  useful  work,  as 
might  be  done  by  the  representatives  at  the  Conference. 

The  Chairman  :  The  resolution  has  been  very  ably  moved  and 
seconded,  and  it  is  now  open  for  discussion. 

Mr,  F.  D.  Longe  :  I  should  like  to  know  whether  the  British  Asso- 
ciation really  means  to  take  the  initiative  in  suggesting  to  Societies  what 
local  work  they  should  do.  If  the  British  Association  will  take  the  lead 
in  that  way  I  think  that  practical  results  will  follow,  but  if  it  is  left  to  the 
different  Societies  to  take  up  what  they  like  I  think  there  will  be  endless 
discussion. 

Dr.  Garson  :  Every  year  the  Secretary  of  the  Corresponding  Societies 
Committee  sends  a  letter  to  the  Recorder  of  each  Section,  intimating 
during  the  first  week  of  the  Meeting  that  the  second  Conference  of  the 
Delegates  will  be  held  on  the  following  Tuesday,  and  requesting  him  to 
bring  this  fact  before  the  Section  of  which  he  is  Recorder,  so  that  a  repre- 
sentative from  the  various  Committees  appointed  to  do  special  work  in 
connection  with  that  Section  may  come  here  and  explain  to  the  Delegates 
what  work  they  propose  to  do,  and  how  the  Corresponding  Societies  can 
assist  these  Committees. 

Prof.  J.  H.  Merivale  :  Mr.  Bevan  made  a  practical  suggestion,  which 
might  be  carried  out,  that  we  should  have  a  social  meeting — at  least  I 
think  he  meant  a  social  meeting— each  year.  We  had  a  meeting  at 
Ipswich  which  was  a  great  success.  I  think  ifc  would  be  a  very  exceUent 
thing  that  we  should  have  an  opportunity  of  seeing  one  another  and 
discussing  matters  in  which  we  are  mutually  interested. 

Mr.  Gray  :  I  am  afraid  that  that  suggestion  does  not  come  within  the 
scope  of  the  Association.  I  think  that  in  Ireland,  in  accordance  with  our 
usual  hospitality,  we  may  take  some  steps  to  have  you  all  together  next  year. 

The  Chairman  :  I  should  like  to  hear  some  remarks  bearing  directly 
on  the  subject  which  Mr.  Bevan  has  so  ably  brought  forward— remarks 
that  would  lead  to  something  definite. 

Captain  Phillips  :  Although  a  systematic  survey  comes  within  the 
work  of  some  of  our  Corresponding  Societies  I  do  not  think  it  would  come 
within  that  of  all  of  them.  For  instance,  my  Society  is  a  geographical 
Society,  and  the  members  of  it  are  business  men,  who  have  their  time 
fully  taken  up  ;  in  taking  a  survey  such  as  is  here  contemplated  in 
archieology  you  would  find  that  my  Society  would  be  woefully  in  the  dark. 
I  shall,  however,  lay  it  before  my  Committee,  but  I  do  not  think  that  I 
shall  receive  much  encouragement,  or  that  this  meeting  will  receive  much 
encouragement  from  my  Society  on  this  subject. 
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Mr.  Alfred  Browett :  With  the  earlier  portion  of  Mr.  Bevan's  remarks 
I  must  say  that  I  feel  most  heartily  with  him,  and  it  would  be  a  great 
advantage  if  these  remarks  could  be  put  on  a  leaflet  and  sent  to  the  various 
Societies  which  we  are  here  to  represent.  Speaking  for  my  own  Society, 
I  think  that  we  are  largely  in  a  state  of  ignorance  as  to  what  is  expected 
of  Delegates  to  this  Association.  I  cannot  help  thinking  that  if  a  small 
leaflet  were  drawn  up  by  the  Committee  of  the  Delegates  we  should 
have  something  to  guide  us,  and  efforts  would  be  made  to  give  effect  to 
the  suggestions  that  might  be  brought  before  us. 

Mr.  Gray  :  Might  I  call  attention  to  the  fact  that  the  Annual  Reports 
of  the  Association  explain  exactly  what  the  relation  of  the  various  Societies 
is  to  the  British  Association,  and  that  all  the  work  that  is  done  at  these 
Conferences  is  brought,  in  the  report,  before  the  local  Secretary  of  your 
Society,  and  it  ought  to  be  his  duty  to  bring  before  the  Council  what  is 
expected  of  you  ? 

Dr.  Vaughan  Cornish  ;  Do  I  understand  that  it  is  not  the  duty  of  the 
Delegate  to  bring  these  matters  before  the  Society,  but  the  duty  of  the 
Secretary  of  the  Society  ?  With  whom  does  the  function  lie  to  bring  it 
before  the  Society  1 

Dr.  Garson  :  There  is  a  copy  of  the  Report  of  the  Conferences  of  Dele- 
gates sent  to  the  Delegate  and  also  to  the  Secretary  of  each  Society. 

Dr.  Vaughan  Cornish  :  But  whose  duty  ia  it  ? 

Mr.  Gray  :  It  is  the  Secretary's  duty  to  bring  it  before  them  when  no 
Delegate  from  the  Society  has  been  appointed,  and  it  is  the  duty  of  the 
Delegate  to  do  so  when  there  is  one. 

Mr.  Sowerbutts  :  To  make  it  secure  that  the  Report  of  the  Conferences 
is  brought  before  the  Societies  it  was  resolved  that  the  Committee  be 
asked  to  send  a  report  to  the  Secretary  as  well  as  to  the  Delegate. 

Professor  Merivale :  I  wish  to  suggest  that  the  Societies  might  do  what 
the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers  have 
done  with  reference  to  geology.  We  have  published  sections  of  Northum- 
berland and  Durham.  That  is  rather  a  large  order,  and  the  majority  of 
the  Societies,  even  if  they  should  wish  to  do  it,  may  not  be  in  a  position 
to  do  it.  I  throw  it  out  as  a  suggestion  to  include  geology  more 
particularly  to  draw  your  attention  to  the  immense  amount  of  useful 
work  that  would  be  done  by  the  publication  of  geological  sections.  We 
have  six  good-sized  volumes,  and  they  are  invaluable  to  the  mining 
engineer,  at  any  rate,  and  to  others  in  the  district. 

Professor  Kendall :  I  think  the  suggestion  is  an  admirable  one,  and  I 
can  see  a  way  that  the  difficulty  which  Professor  Merivale  contemplates 
may  be  met.  A  Society  which  is  poor  can  at  least  send  reports  to  others 
which  can  be  made  available  to  all  comers.  It  is  appalling  to  think  of 
the  amount  of  geological  information  of  priceless  value  which  is  utterly 
wasted  year  by  year.  Many  well-sinkers  take  no  trouble  to  record  their 
work,  and  we  only  get  very  vague  results.  I  think  that  if  the  local 
Societies  would  take  up  the  matter  and  make  persevering  attempts  to  get 
into  the  confidence  of  the  well-sinkers  it  might  easily  be  done. 

Mr.  Henry  Coates  :  Before  the  motion  is  put  to  the  meeting  I  should 
like  to  make  a  suggestion  ;  and  it  is  this,  that  instead  of  coming  to  a 
formal  resolution  upon  an  important  matter  like  this,  it  would  perhaps 
clear  the  way  if  Mr.  Bevan's  paper  were  printed  in  extenso  and  copies 
sent  to  each  of  the  Societies,  and  the  Societies  instructed  to  consider  that 
paper  fully  during  the  coming  session,  and  Delegates  be  instructed  to 
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report  upon  the  position  taken  up  at  our  next  Conference,  because  there 
is  a  great  deal  of  detail  in  his  paper  that  wo  have  not  heard  to-day  ;  and 
I  think  it  would  form  very  good  subject-matter  for  the  Societies  to  con- 
sider in  detail,  and-  then  we  would  be  in  a  better  position  to  come  to  a 
resolution  at  our  next  Conference.  It  seems  rather  like  taking  an  unfor- 
tunate time  of  the  day  when  we  have  to  come  to  a  resolution  without 
having  considered  the  paper  fully. 

Professor  Watts  :  I  would  suggest  an  amendment  in  order  that  the 
subject  may  be  brought  to  an  issue.  I  ought  to  say  that  I  think  any- 
thing in  the  way  of  systematising  our  work  would  be  very  important 
indeed  ;  but  I  do  not  think  we  can  expect  any  good  from  generalities. 
The  Society  that  I  represent — the  Caradoc  and  Severn  Valley  Field  Club — 
has  a  little  volume  called  'A  Record  of  Bare  Facts.'  It  is  a  very 
unambitious  little  work,  but  it  nails  down  certain  well  known  facts  about 
the  district.  I  should  like  to  see  a  small  Committee  appointed  to  take  up 
Mr.  Bevan's  paper  and  bring  something  before  us  at  our  next  meeting  in 
a  definite  form.  I  therefore  propose  that  a  small  Committee,  including 
Mr.  Bevan,  should  be  appointed  to  consider  this  subject  and  bring  a 
definite  statement  which  could  be  sent  to  the  local  Societies  that  we 
represent,  with  a  suggestion  to  systematise  work,  because  it  is  that  kind 
of  work  that  we  practically  want. 

Professor  Merivale  :  I  beg  to  second  Professor  Watts'  amendment. 

On  the  amendment  being  put  to  the  meeting,  after  much  discussion, 
fifteen  voted  for  the  amendment  and  two  against  it. 

The  Chairman  :  Then  the  amendment  is  carried,  and  as  a  matter  of 
form  I  propose  to  put  it  now  as  a  substantive  motion  that  this  Committer 
be  appointed.     There  is  no  one  against  it. 

A  Committee  was  then  appointed,  consisting  of  the  Rev.  J.  O.  Bevan, 
Mr.  William  Gray,  Professor  Watts,  Professor  Merivale,  and  Dr.  Yaughan 
Cornish  ;  Professor  Watts  to  be  convener. 

Mr.  Sowerbutts  :  Is  there  anything  to  report  on  the  Conference  as  to 
the  question  of  copyright  ?  We  went  to  a  good  deal  of  trouble  and  ex- 
pense in  gathering  information  to  help  us  to  see  what  the  results  of  pub- 
lishing the  Societies'  transactions  when  the  proposals  before  the  Com- 
mittee of  the  House  of  Lords  were  carried  out.  I  suppose  it  did  go  before 
the  Committee  of  the  Association  at  least,  and  we  are  anxious  to  know 
how  it  stands.  We  are  given  to  understand  that  the  Committee  of  the 
House  of  Lords  is  to  be  reappointed,  and  we  should  not  be  found  asleep. 
It  is  of  importance  that  the  publication  of  a  man's  paper  by  us  should  not 
lose  him  the  copyright.  I  sent  a  copy  of  the  reports  and  of  the  corre- 
spondence CO  every  Society,  so  that  if  the  Delegates  have  not  got  it  it  is 
their  own  fault. 

The  Chairman :  The  Council  of  the  Association  has  empowered  the 
oflBcers  to  co-operate  with  other  scientific  Societies  for  mutual  protection 
if  this  Bill  should  be  brought  forward  again,  but  at  present  it  has  lapsed. 

The  meeting  was  then  adjourned. 

Second  Conferences  September  17. 

The  Second  Conference  of  Delegates  of  the  Corresponding  Societies  of 
the  British  Association  for  the  Advancement  of  Science  was  held  on  Tues- 
day, September  17,  1901,  Mr.  F.  W.  Rudler,  F.G.S.,  Chairman  of  the 
Conference,  presiding. 
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The  Corresponding  Societies  Committee  were  represented  by  Mr.  W. 
Whitaker,  Mr.  F.  W.  Rudler,  Dr.  J.  G.  Garson,  the  Rev.  J.  O.  Sevan, 
and  Professor  W.  W.  Watts.  The  representatives  of  the  Corresponding 
Societies  present  will  be  found  in  the  list  of  Delegates. 

The  Chairman  :  It  will  be  remembered  that  at  our  last  meeting  Cap- 
tain Dubois  Phillips  gave  notice  of  a  motion  which  he  would  bring  forward 
to-day,  and  I  now  call  upon  him  to  move  it. 

Captain  Phillips  :  The  resolution  I  have  to  propose  is  in  the  following 
terms  : — '  That  the  Corresponding  Societies  Committee  be  requested  in 
future  to  bring  before  the  Conference  of  Delegates  some  account  of  the 
outcome  of  the  Conference  of  the  preceding  year.'  '  G<xk1  wine  needs  no 
bush,'  and  I  desist  from  making  any  remarks  upon  the  resolution. 

Dr.  Vaughan  Cornish  :  I  rise  to  second  the  resolution  moved  by  Cap- 
tain Phillips,  which  was  to  some  extent  discussed  at  the  last  meeting. 
Any  outcome  of  this  resolution  must  entirely  lie  within  the  discretion  of 
the  Corresponding  Societies  Committee,  and  therefore  I  follow  the  ex- 
ample of  Captain  Phillips,  and  simply  second  that  resolution  without 
discussing  its  merits. 

The  Chairman  :  This  motion  has  been  moved  by  Captain  Phillips  and 
seconded  by  Dr.  Cornish  and  the  matter  is  open  for  discussion,  but  we 
discussed  it  so  fully  at  the  last  meeting  that  I  doubt  whether  it  is  reason- 
able to  say  much  more  on  it  now.     We  are  all  agreed  upon  it. 

Mr.  Whitaker  ;  I  am  not  going  to  discuss  this  resolution,  as  I  have 
no  doubt  the  Corresponding  Societies  Committee  will  fall  in  with  it. 

The  resolution  was  then  put  and  carried. 

The  Chairmein  :  At  our  last  meeting  a  small  Committee  of  Delegates 
was  appointed  for  the  purpose  of  considering  the  suggestions  brought 
forward  by  the  Rev.  Mr.  Bevan  ;  and  Professor  Watts,  as  convener  of  that 
Committee,  will  kindly  bring  up  the  report. 

Professor  Watts  :  Commendable  brevity  has  been  the  keynote  of  this 
meeting  so  far,  and  I  shall  try  to  follow  on  the  same  lines.  The  Com- 
mittee met  and,  endeavouring  to  act  in  accordance  with  the  sense  of  the 
meeting  so  far  as  they  could  gather  it,  have  drawn  up  the  following 
recommendation  which  I  shall  read  presently.  In  so  doing  they  have 
endeavoured  to  avoid  in  any  way  dictating  to  the  local  Societies  which 
have  been  doing  good  work  along  certain  systematic  lines,  and  we  only 
wish  to  suggest  that  other  Societies  might  take  some  part  in  this  work. 
Some  Societies  may  take  up  one  branch  and  some  another.  The  mere 
fact  that  these  Societies  are  represented  here  is  sufficient  evidence  that 
they  are  doing  good  work  on  their  own  account,  so  that  no  question  arises 
on  that  score.  There  are  certain  subjects  on  which  systematic  work  has 
been  done,  but  that  work  is  of  comparatively  little  value  because  of  its 
not  being  carried  on  all  over  the  country.  Now,  although  local  Societies 
are  doing  a  good  deal  of  work,  there  are  frequently  members  who  are 
ready  to  take  up  new  lines  of  work  if  these  lines  of  work  are  suggested 
to  them.  The  Committee  have  appended  such  a  list,  but  they  regard  that 
list  as  merely  provisional  for  this  year,  and  they  have  avoided  in  most 
cases  including  subjects  which  will  be  brought  before  this  Conference  by 
the  Delegates  from  the  different  sections.  They  would  like  to  ask  that 
this  Ust  should  stand  or  fall  as  it  is  for  this  year,  till  it  is  seen  how  it 
works.  If  the  matter  is  good,  then  the  list  can  be  added  to  or  subtracted 
from,  and  in  any  case  the  work  can  be  capitalised  in  that  way.  This  is 
what  the  Committee  recommend  : — 
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The  following  provisional  list  of  subjects,  together  with  the  names  of 
gome  of  the  Societies  which  have  already  done  work  in  connection  there- 
with, and  the  names  of  persons  who  would  be  willing  to  receive  com- 
munications thereon  is  recommended  by  the  Conference  of  Delegates  for 
adoption  by  the  Corresponding  Societies  Committee  of  the  British  Associa- 
tion, and  to  be  issued  by  them  to  the  Corresponding  Societies  in  the  hope 
that  those  Societies  not  already  engaged  in  similar  work  may  take  part  in 
so  much  of  it  as  comes  within  their  scope,  in  order  that  the  work  may  be 
extended  over  a  wide  area,  and  be  done  as  far  as  possible  upon  a  uniform 
system  : — 

*  Registration  of  Type  Specimens,'  Dr.  A.  Smith  Woodward. 
'Coast  Erosion,'  Mr.  W.  Whitaker. 

'Record  of  Bore  Holes,  Wells,  and  Sections,*  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers,  and  Prof.  J.  H.  Merivale. 

'Tracing  the  Course  of  Underground  Water,'  Yorkshire  Geological 
and  Polytechnic  Society,  and  Mr.  A.  R.  Dwerryhouse. 

'  Erratic  Blocks,'  Yorkshire  Naturalists'  TJnion,  and  Professor  P.  F. 
Kendall. 

'  Geological  Photographs,'  Belfast  Naturalists'  Field  Club,  and  Pro- 
fessor W.  W.  Watts. 

'  Underground  Fauna,'  Rev.  T.  R.  R.  Stebbing. 

*  Variations  in  the  Course  of  Rivers  and  Shape  of  Lakes,'  Dr.  H.  R.  Mill. 
'Archaeological    Survey  by  Counties,'  Woolhope.  Field    Club,   and 

Rev.  J.  O.  Bevan. 

'  Ethnographical  Survey,*  Anthropological  Institute. 

'Botanical  Survey  by  Counties,'  Mr.  W.  G.  Smith. 

'  Photographic  Record  of  Plants,'  Mr.  A.  K.  Coomara-Swamy. 

I  beg,  then,  to  move  that  that  report  of  the  Committee  be  adopted. 

Mr.  Gray :  I  have  pleasure  in  seconding  the  motion.  As  one  who 
went  over  the  list,  any  objections  that  I  had  have  been  effectively  met  by 
the  report  of  the  Committee. 

The  Chairman  :  This  resolution  has  been  moved  by  Professor  Watts 
and  seconded  by  Mr.  Gray,  and  the  subject  is  now  open  for  discussion  ; 
but  I  would  venture  to  remark  that  as  we  have  a  great  deal  of  work 
likely  to  come  before  us  this  afternoon,  those  Delegates  who  favour  us 
witdi  their  views  should  do  so  as  concisely  as  is  consistent  with  clearness. 
That  suggestion  I  am  bold  enough  to  make,  not  for  the  purpose  of  fetter- 
ing discussion,  but  to  avoid  any  undue  prolongation  of  our  sitting. 

Captain  Phillips  :  Since  last  meeting  I  have  taken  some  pains  on  the 
subject  of  the  suggestion  brought  before  the  meeting  by  the  Rev. 
Mr.  Bevan.  I  have  written  to  Liverpool,  and  I  find  that  most  of  the 
work  that  is  spoken  of,  archaeological,  geological,  and  biological,  has  been 
taken  up  for  years  by  the  Societies  there,  and  the  work  has  been  done 
and  is  all  tabulated  and  charted.  I  think  something  might  be  done  by 
this  Conference  getting  into  communication  with  the  different  {Societies, 
and  getting  their  work  done  so  as  to  make  a  harmonious  whole  for  the 
country,  instead  of  having  it  only  in  detached  groups. 

On  being  put  to  the  meeting  the  motion  was  unanimously  agreed  to. 

The  Chairman  :  I  understand  from  Dr.  Garson  that  we  are  favoured 
to-day  with  the  presence  of  certain  members  from  the  various  sections, 
and  it  is  my  duty  to  call  upon  those  representatives  to  tell  us  whether 
they  have  anything  to  report  or  not. 
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Section  A,  Mathematical  and  Physical  Science. 

The  Chairman  :  The  work  of  Section  A  includes  Meteorology,  which 
is  a  subject  very  largely  taken  up  by  the  Corresponding  Societies,  and 
often  discussed  in  these  Conferences.  As  there  does  not  seem  to  be  any 
representative  present,  we  pass  to 

Section  B,  Chemistry. 

Professor  Herbert  M'Leod  :  I  should  like  to  say  on  behalf  of  Section  B 
that  we  have  nominated  a  Committee  to  register  the  scientiP.c  chemists 
who  are  at  work  at  different  manufactories.  Lately  a  great  contrast  has 
been  drawn  between  the  way  that  this  country  and  Germany  and  other 
countries  are  using  trained  chemists  in  all  their  works,  and  we  are 
seriously  afraid  that  the  numbers  in  this  country  are  very  small.  The 
Committee  was  nominated  by  Section  B  to  investigate  this  matter  at  the 
suggestion  of  Dr.  Armstrong.  It  strikes  me  that  it  is  not  impossible  that 
many  of  the  members  of  this  Conference  might  be  able  to  assist  in  finding 
out  the  names  of  these  people.  It  is  not  easy  for  persons  living  ii) 
London  to  send  round  to  the  different  works  and  make  inquiries  when 
they  may  not  know  even  of  the  existence  of  these  works,  and  these 
gentlemen  may  not  be  able  to  assist 

I  should  like  to  refer  to  another  subject  which  rather  interests 
me  at  the  present  moment — I  mean  the  tremendous  number  of  scientific 
serials  that  exist.  I  do  not  say  that  they  are  not  of  the  greatest  possible 
value,  but  when  I  tell  you  that  there  are  about  4,000  serials  that 
have  to  be  indexed  for  the  International  Catalogue,  you  may  know  the 
amount  of  time  that  is  consumed  in  indexing  them.  I  have  in  my  hands 
the  continuation  of  the  Catalogue  of  scientific  papexB  of  the  Royal  Society 
from  1884  to  1900,  and  I  cannot  tell  you  the  number  of  periodicals  of 
which  we  have  a  list,  but  it  must  not  be  far  short  of  1,000.  It  is  possible 
that  these  may  contain  papers  of  great  value,  and  some  must  be  of  com- 
paratively small  value.  We  do  not  wish  to  catalogue  any  reprints  or  ab- 
stracts. I  think  that  many  members  of  this  Conference  might  be  of  great 
assistance  to  us  in  telling  us  what  would  be  advisable  to  index  in  their 
own  periodicals,  and  if  any  of  you  will  be  good  enough  to  write  to  me  on 
the  subject  I  shall  be  delighted.    We  begin  at  1884,  and  we  go  up  to  1900. 

The  Chairman  :  I  understand  that  the  representatives  of  the  Sections 
are  supposed  to  explain  to  the  Delegates  what  work  the  Corresponding 
Societies  can  do  to  assist  the  various  Committees  that  are  appointed  by 
the  Sections.     Then  we  come  to 

Section  C,  Geology. 

Mr.  A.  8.  Reid  :  I  was  asked  to  represent  Section  C.  Tliere  has  been 
no  new  Committee  nominated  in  Section  C,  and  there  are  only  the  old  ones. 
The  subjects  which  appeal  to  all  the  Societies  are  geological  and  photo- 
graphic subjects,  the  registration  of  type  specimens  of  fossils,  and  the 
movement  of  underground  waters.  The  other  subjects  do  not  appeal  to 
so  many.  The  exploration  of  Irish  caves  does  not  naturally  appeal 
to  any  of  the  English  or  Scotch  clubs,  and  the  study  of  the  structure  of 
crystals  is  more  a  matter  for  experts  ;  hut  we  have  the  subject  of  erratic 
blocks  and  their  area.  The  Geological  Photographic  Committee  has  been 
doing  certain  new  work  during  this  term  of  office,  which  Professor  Watts 
could  explain. 
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Professor  Watts  :  I  am  glad  to  take  this  opportunity  of  expressing 
how  deeply  grateful  I  am  to  the  local  Societies  for  the  help  they  have 
given  me  during  the  time  I  have  been  Secretary  of  the  Geological  Photo- 
graphic Committee.  I  should  think  that  there  are  twenty  Societies 
which  have  contributed  photographs,  often  very  valuable  ones,  and  at 
least  twelve  Societies  have  done  something  or  other  towards  making  a 
photographic  survey  of  their  geological  districts.  If  there  are  any  gentle- 
men present  at  this  Conference  belonging  to  the  counties  at  present 
unrepresented  which  I  am  going  to  mention,  I  hope  they  will  see  that 
their  counties  are  no  longer  unrepresented.  Rutland,  Huntingdon,  and 
Cambridge  are  the  only  counties  in  England  which  have  not  yet  con- 
tributed. There  are  three  Welsh  counties  and  eleven  Scotch  counties 
and  fourteen  Irish  counties.  Amongst  these  counties  are  such  interesting 
counties  as  Brecknock,  Dumbarton,  Ross-shire,  Wicklow,  Kilkenny,  and 
Waterford,  in  all  of  which  there  is  a  lot  of  geological  work  to  be  done. 
I  think  I  should  make  some  slight  allusion  to  the  Publication  Committee 
that  has  been  formed  in  association  with  us.  It  was  thought  that  there 
were  a  good  many  Societies  which  might  like  to  have  copies  of  photo- 
graphs, and  there  have  been  made  sixty  or  eighty  or  possibly  a  hundred 
sets  of  prints  of  interesting  geological  phenomena.  Delays  have  un- 
fortunately occurred,  but  still  we  are  pushing  on,  and  hope  to  complete 
the  publication  within  the  specified  time.  The  set  of  photographs  that 
should  have  been  issued  in  1900  is  still  unissued,  but  the  prints  are  pre- 
pared, and  the  slides  will  very  shortly  be  prepared,  and  I  hope  they  will 
be  issued  to  subscribers  within  a  month. 

Mr.  Whitaker  :  I  would  like  to  add  a  word  on  this  matter,  referring 
not  only  to  Section  C,  but  to  others.  Unfortunately  the  grants  were 
much  cut  down.  An  application  was  made  for  a  grant  for  the  geological 
photographs,  and  instead  of  obtaining  lOL  it  has  fallen  to  5L  I  hope 
some  means  will  be  taken  to  make  up  the  61,,  because  I  am  afraid  if  we 
do  not  Professor  Watts  will  suffer  in  pocket,  and  that  is  not  a  thing  that 
should  be  allowed.  It  is  a  splendid  Committee  and  does  magnificent 
work,  and  I  have  benefited  very  much  by  it,  and  through  me  others  have 
benefited  by  it,  but  the  absence  of  money  is  very  unsatisfactory,  and 
somehow  or  other  we  must  try  to  get  a  little  more  funds. 

The  Chairman  :  We  are  greatly  indebted  to  Professor  Watts  not  only 
for  giving  this  interesting  explanation  to  the  Conference,  but  also  for  the 
amount  of  labour  he  has  spent  upon  this  work.  He  is  the  life  and  spirit 
of  the  Committee,  as  we  all  know,  and  it  is  pleasing  to  hear  that  he  has 
been  so  ably  assisted  by  a  large  number  of  local  Societies  that  are  in 
correspondence  with  us. 

Professor  Kendall :  I  should  like  to  put  in  a  word  about  the  grant 
for  the  erratic  blocks.  I  had  6/.  last  year  and  spent  it  all  and  more  than 
all.  I  thought  that  I  would  make  a  modest  demand  this  year,  and  that 
if  I  asked  for  lOl.  I  should  get  51,  I  modestly  asked  for  5/.  and  got 
nothing  at  all  That  is  rather  a  hard  case. .  The  expense  of  the  erratic 
blocks  Committee  is  considerable.  In  the  present  year  it  is  particularly 
unfortunate.  In  ray  report  I  am  making  an  offer  which  will  inevitably 
involve  an  expenditure  of  time,  which  we  all  expect,  and  of  money,  which 
we  do  not  expect.  Three  years  ago  I  visited  Norway  to  study  and  collect 
specimens  of  the  most  characteristic  rocks  of  Norway  that  we  know  to 
occur  in  the  British  group,  and  I  have  brought  back  about  a  ton  of  them. 
Last  year  I  went  and  collected  on  a  liberal  scale  the  rocks  on  the 
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Cheviots  with  the  same  end,  and  in  the  present  year  I  have  sent  sets  of 
rocks  to  any  local  Society  making  application  for  such  type  rocks  as  are 
likely  to  occur  in  their  districts.  I  made  that  reservation,  because  I  do 
not  see  the  use  of  supplying  a  South  Welsh  Society  with  Norwegian  rocks, 
or  of  sending  rocks  from  the  Lake  District  to  the  North  of  Scotland. 
This  involved  me  in  a  good  deal  of  trouble  and  a  good  deal  of  expense, 
but  I  grudged  neither  the  trouble  nor  the  expense  while  the  work  was 
continued,  but  it  is  my  experience  that  local  Societies  will  just  go  as  far 
as  they  are  pushed,  and  directly  we  leave  off  pushing  they  stop.  We 
have  a  magnificent  record  of  erratics  in  the  Liverpool  district,  but  I  am 
inclined  to  think  that  the  local  Societies  there  consider  that  they  have 
reached  an  approximate  finality  in  this  work.  We  have  also  had  records 
of  the  Pennine  Chain  through  Lancashire  and  Yorkshiro,  but  with  these 
exceptions  we  have  scarcely  any  records  coming  in  at  the  present  time. 
The  Isle  of  Man  was  being  done,  also  the  North  of  Ireland  under  the 
very  energetic  guidance  of  the  Belfast  Naturalist  Society,  who  have  done 
very  admirable  work ;  but  these  are  two  bright  spots  over  a  very  dull- 
looking  map.  In  Scotland  we  have  no  erratics  recorded  at  all  I  sent  a 
circular  to  every  one  of  the  Corresponding  Societies,  and  I  got  a  small 
number  of  responses  ;  one  response  which  came  from  Scotland  gave 
me  the  assurance  that  the  erratics  in  Scotland  had  been  done,  but  I 
have  failed  to  extract  any  useful  or  any  considerable  amount  of  useful 
information  from  the  records,  which  relate  largely  to  the  position  of 
boulders  and  other  characteristics.  I  had  only  a  few  records  from  Ireland. 
The  scope  of  this  Committee  has  been  enlarged  deliberately  at  the  request 
of  the  Committee  itself,  and  I  do  hope  that  the  Corresponding  Societies  of 
the  British  Isles  will  make  a  response,  and  if  any  locality  will  indicate 
anything  in  reason  in  the  way  of  assistance  I  can  give  by  means  of 
specimens,  &c,,  1  shall  be  very  pleased. 

The  Chairman  :  Professor  Kendall  has  our  sympathy  in  the  unfortu- 
nate position  in  which  he  finds  himself.     We  may  now  pass  to 

Section  D,  Zoology. 

Mr.  Denny  :  I  am  supposed  to  represent  Section  D.  Just  at  the  end 
of  the  business  of  the  Committee  I  was  asked  to  come  here  as  a  substitute, 
but  I  am  not  commissioned  to  bring  anything  before  the  Committee. 

The  Chairman  :  We  next  turn  to 

Section  E,  Geography. 

Dr.  Vaughan  Cornish  :  I  am  delegated  by  Section  E  to  bring  before 
this  Conference  a  new  matter  which  has  arisen  at  this  meeting.  You  will 
have  heard  that  there  was  a  joint  Conference  of  two  or  three  Sections  on  the 
subject  of  Limnology,  the  study  of  lakes.  This,  of  course,  is  a  subject  which 
can  only  appeal  to  a  limited  number  of  Societies — those  in  whose  areas  lakes 
occur — but  it  is  hoped  that  these  Societies  which  are  fortunate  enough  to 
possess  lakes  in  their  districts  will  give  their  attention  to  this  new  pro- 
posal for  the  systematic  study  of  the  lakes  of  the  British  Isles.  It  is 
thought  that  ^e  local  Societies  could  assist  in  the  early  stages  of  that 
work,  more  particularly  by  collecting  the  bibliography  or  local  publications 
relating  to  lakes ;  and  if  any  of  these  references  or  publications  of  local 
Societies  are  sent  to  Sir  John  Murray  he  will  be  very  glad  indeed  to 
receive  them.  Geography  nowadays  is  becoming  local  in  its  character,  or 
perhaps  I  should  put  it  that  the  people  of  the  British  Isles  are  beginning 
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to  turn  their  attention  to  the  geography  of  their  own  country.  I  do  not 
think  a  meeting  of  the  British  Association  ever  passes  but  that  there  are 
papers  read  which  are  distinctly  local  in  their  character.  So  far  as  the 
Glasgow  meeting  is  concerned,  I  refer  particularly  to  the  papers  which 
were  read  on  Friday  in  Section  E  by  Professor  Scott  ElHot  on  *  The 
Effects  of  Vegetation  on  the  Valley  and  Plains  of  the  Clyde '  ;  the  second 
by  Dr.  Marion  Newbigin  on  *  Proposed  Geographical  Survey  of  the  Valley 
of  the  Forth  * ;  and  the  third  by  Professor  W.  G.  Smith  on  *  A  Botani- 
cal Survey  of  Scotland.'  The  authors  of  these  papers  will  be  glad  to  receive 
any  assistance  they  can  get  from  the  local  Societies,  and  I  am  directed 
generally  to  draw  the  attention  of  the  Delegates  to  the  meetings  in 
Section  E  and  to  the  discussion  of  local  questions  which  occur  there. 

The  Chairman  :  The  subject  of  Limnology,  which  has  received  a  great 
deal  of  attention  on  the  Continent,  has  been  ably  dealt  with  in  this 
country,  especially  by  Dr.  Mill ;  and  I  believe  that  Sir  John  Murray  is 
to  be  associated  with  Mr.  Lawrence  Pullar  in  the  survey  of  the  British 
lakes  about  to  be  undertaken.  If  no  one  else  wishes  to  speak  on  this 
matter,  which  has  been  fully  discussed  elsewhere,  we  will  pass  on  to 

Section  F,  Economic  Science  and  Statistics. 
This  Section  is  apparently  not  represented,  so  we  proceed  to 
Section  G,  Engineering. 

Professor  Dalby  :  I  may  state  that  we  have  two  Committees  at  work  at 
present,  one  of  which  has  been  sitting  for  about  twenty  years  endeavour- 
ing to  Standardise  Small  Screw  Threads.  Standards  seem  to  be  settled 
according  to  the  capnce  of  the  different  makers ;  the  Committee  hds 
consequently  been  endeavouring  to  bring  into  operation  a  universal 
standard ;  in  fact,  such  a  standard  has  been  proposed  and  has  been  put 
into  operation,  and  has  been  practically  accepted  in  Paris ;  but  as  the 
difficulty  in  making  a  standard  arises  on  account  of  the  form  of  the 
thread,  it  is  more  a  recommendation  that  has  been  made  in  order  to 
obtain  a  simpler  form  of  thread  than  has  been  done  before.  Any  informa- 
tion on  the  point  of  screw-threads  will  be  welcomed  by  the  Committee. 

The  other  Committee  that  I  spoke  of  was  only  formed  last  year,  and 
refers  to  a  subject  which  may  be  interesting — I  refer  to  Koad  Traction. 
A  Committee  was  formed  to  find  out  how  much  it  costs  to  pull  a 
wheeled  vehicle  over  different  kinds  of  roads,  and  the  Committee  will 
be  very  glad  to  hear  about  the  different  kinds  of  roads  in  different  dis- 
tricts in  order  that  they  may  be  included  in  the  experiments.  Of  course 
the  object  of  the  experiments  is  not  so  much  for  horse-drawn  vehicles  as 
for  motor-cars,  and  the  investigation  is  to  find  out  how  much  it  costs  to 
take  these  motor-cars  over  high  roads.  I  hope  we  shall  receive  help  on 
this  question. 

The  Chairman  :  We  are  very  much  indebted  to  Professor  Dalby  for 
these  remarks,  and  I  hope  that  some  Society  will  see  its  way  to  give 
assistance  in  these  matters.     We  now  come  to  ' 

Section  H,  Anthropology.  . 

Mr.  H.  Balfour  :  I  was  sent  as  representative  of  this  Section  to  put 
before  you  some  suggestions  on  the  subject  of  collecting  anthropological 
photographs.     I  was  asked  to  state  that  any  photographs  and  negatives 
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ia  the  hands  of  the  Coninuttees  of  the  Corresponding  Societies,  or  indivi- 
duals connected  with  those  Societies,  might  be  made  more  widely  accessible 
to  persons  who  are  engaged  in  anthropology  and  archaeology,  if,  after  a 
a  negative  is  finished  with  for  the  time  being,  it  were  deposited  in  some 
recognised  centre,  say  the  Anthropological  Institute,  and  placed  at  the 
disposal  of  qualified  people  for  use.  In  the  case  where  the  negatives  are 
retained  by  their  owners  and  not  deposited  as  suggested,  these  might  be 
registered  in  such  a  way  that  people  may  be  able  to  find  out  what  photo- 
graphs have  been  taken,  and  whether  they  can  be  used  for  scientific 
purposes.  That  is  one  suggestion  that  I  have  to  make,  and  I  do  not  think 
it  is  necessary  to  enlarge  on  the  subject.  It  has  been  already  mooted  in 
connection  with  other  Sections,  and  I  think  it  is  obvious  to  all  that  it 
would  be  a  very  great  convenience  to  those  working  at  Anthropology. 

Another  suggestion  that  I  should  like  to  bring  forward  is  that  this 
Conference  should  draw  the  attention  of  the  Corresponding  Societies  to  the 
very  great  desirability  of  systematically  collecting  and  recording  instances 
of  the  survival  of  primitive  customs,  industries,  appliances,  and  so  forth. 
I  am  well  aware  that  there  is  a  great  deal  done  in  this  direction,  and  I 
do  not  need  to  mention  to  you  the  enormous  value  which  anthropology 
derives  from  survivals  of  primitive  customs.  Numbers  of  such  survivals 
are  still  existing  in  our  surroundings  and  only  want  recording.  Many  of 
these  customs,  of  the  very  greatest  interest  to  the  student  of  primitive 
culture,  are  dying  out  at  such  a  rapid  rate  that  we  should  endeavour  at 
once  to  record  them  as  far  as  possible  and  photograph  them  if  they  are 
interesting.  I  hope  that  all  the  Corresponding  Societies  will  be  willing, 
on  the  suggestion  of  Section  H,  to  bear  this  matter  in  mind.  I  would 
only  mention  or  bring  to  your  recollection  that  much  of  the  very  large 
amount  of  valuable  work  that  General  Pitt-Rivers  did  in  his  lifetime  was 
due  to  his  study  of  survivals.  They  will  fill  up  the  gaps  in  the  archteo- 
logical  records  in  a  way  that  these  could  not  be  filled  up  otherwise.  I 
need  say  little  about  the  importance  of  recording  them,  but  I  may  make 
one  remark.  No  one  can  have  a  higher  admiration  for  the  very  noble 
institution  known  as  the  British  Museum  than  I  have,  but  at  the  same 
time  I  have  a  sort  of  uneasy  feeling  that  it  is  representative  of  almost 
everything  except  British  archaeology  and  ethnology  ;  and  one  object  in 
raising  this  matter  to  day  is  to  suggest  that  this  systematic  collection  of 
all  such  things  as  I  have  referred  to  should  be  made  with  a  view  to  esta- 
blishing some  day  a  museum  which  will  adequately  represent  the  past  history 
of  our  own  country,  not  only  the  prehistoric  period,  but  also  the  later 
mediaeval  and  peasant  life  of  the  country  which  has  not  received  sufficient 
attention  so  far.  Every  big  town  on  the  Continent,  especially  in  the 
western  part  of  it,  has  its  Folk  Museum,  but  we  have  nothing  of  the 
kind.  Isolated  attempts  to  deal  with  the  matter  in  a  somewhat  simple 
manner  are  to  be  found,  but  nothing  on  any  adequate  scale.  If  it  were 
possible  to  aim  at  the  formation  of  a  museum  which  would  represent  that 
side  of  culture,  I  think  that  we  should  have  done  a  piece  of  work  which 
will  be  well  worth  supporting. 

Dr.  Garson :  In  support  of  what  Mr.  Balfour  has  just  said,  I  think 
I  might  refer  to  the  last  year's  report,  where  it  is  stated  that  the  Com- 
mittee which  he  is  representing  wants  photographs  of  prehistoric  stone 
monuments,  stone  implements,  primitive  pottery,  and  all  objects  con- 
nected with  local  superstitions  and  the  like.  Objects  of  this  kind  are 
frequently  to  be  found  in  local  museums,  and  sometimes  they  are  peculiar 
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to  the  locality  only,  but  their  existence  is  unknown  Yevj  often  except  to 
a  few  people  m  the  locality. 

The  Chairman  :  I  can  assure  Mr.  Balfour  that  we  are  fully  sensible 
of.  our  obligations  to  him  for  his  very  interesting  remarks  on  this  subject^ 
which  will  probably  give  rise  to  discussion. 

Rev.  J.  O.  Be  van  :  I  do  not  know  that  I  have  anything  to  say  except 
about  the  anthropological  map  which  I  hope  will  be  concluded  very  soon. 
As  to  the  other  subject  that  Mr.  Balfour  spoke  about,  the  question  of 
survivals,  it  is  one  that  commends  itself  to  the  attention  of  the  Delegates. 
Here  in  Scotland  one  ought  to  meet  with  a  great  many  interesting 
samples,  and  anyone  who  has  paid  a  visit  to  the  local  museums  here  will 
agree  that  they  show  very  valuable  material  still  available. 

Mr.  Reid  :  Might  I  ask  the  representative  of  Section  H  what  one 
should  do  in  the  case  of  local  dances  ?  I  know  of  a  dance  that  occurs  in 
one  of  the  islands  in  Scotland  that  is  entirely  unknown  anywhere  else. 
It  is  a  kind  of  morris-dance,  with  a  set  of  words  that  are  handed  down 
by  father  to  son. 

Mr.  Balfour  :  One  might  obtain  a  surreptitious  photograph  of  it. 
No  doubt  photographs  would  be  worth  getting  of  anything  of  that  sort. 

Dr.  Garson  :  I  may  say  that  in  connection  with  obtaining  photo- 
graphs of  dances,  tS^c,  there  l«  a  camera,  made  by  Watson,  in  the  shape 
of  an  opera-glass,  which  photographs  at  right  angles  to  the  direction  In 
which  you  appear  to  be  looking.  Probably  by  that  apparatus  some  of 
those  dances  could  be  recorded. 

After  further  remarks  the  Chairman  passed  to 

Section  K,  Botany. 

Mr.  Harold  Wager :  I  have  been  asked  by  the  Committee  of 
Section  K  to  bring  to  your  notice  two  new  Committees  which  have  been 
formed  this  year,  in  which  the  members  of  local  Societies  may  be  of  great 
help.  One  of  these  is  the  Committee  nominated  to  investigate  the  struc- 
ture of  blue-green  algse.  The  determination  of  the  structure  of  these 
organisms  is  of  great  theoretical  interest,  and  we  shall  be  very  glad 
if  the  Delegates  would  call  the  attention  of  their  botanical  members  to 
the  fact  that  specimens  which  may  be  obtained  in  various  conditions  will 
be  extremely  helpful  in  elucidating  the  important  point  of  structure. 
If  specimens  can  be  sent  to  myself  at  Arnold  House,  Derby,  we  shall  be 
very  grateful.  The  other  Committee  is  one  which  has  been  appointed  to 
consider  the  desirability  of  collecting,  preserving,  and  systematically 
registering  photographs  of  botanical  interest.  We  have  been  in  com- 
munication with  Professor  Watts,  and  it  is  felt  that  botanical  photo- 
graphs, arranged  on  the  same  plan  as  the  geological  photographs  are 
arranged,  would  be  extremely  helpful  to  us.  A  collection  of  photo- 
graphs of  rare  plants  growing  in  their  natural  habitats  would  be  extremely 
valuable,  and  generally  photographs  would  be  a  great  help  in  systematic- 
ally illustrating  the  characteristic  formations  of  the  various  vegetation 
areas,  such  as  moor,  soft  marsh,  and  so  forth.  Again,  photographs  of 
fungi,  insects,  plants  as  parasites  and  climbing  plants,  would  be  ex- 
tremely interesting  in  a  photographical  botanical  record.  It  is  hoped 
that  there  may  be  a  cla?sification  of  these  arranged  on  the  same 
plan  as  has  been  found  successful  by  the  Geological  Photographic 
Committee,  and  I  would  ask  any  botanical  Society,  if  they  have  any 


Digitized  by 


Google 


486  REPORT— 1901. 

photographs  to  spare,  to  send  them  to  Professor  Weiss  of  Owens  College, 
Manchester,  who  is  the  Secretary  of  the  Ck>mmittee.  I  have  also  to 
inform  you  that  Professor  Weiss  will  send  out  circulars  to  all  natural 
history  Societies  communicating  the  wants  of  this  Ck)mmittee,  and  asking 
them  to  be  good  enough  to  help  us  as  far  as  they  can. 

Mr.  Whitaker  :  I  am  the  representative  here  of  a  Society  which  does 
a  certain  amount  of  work,  and  our  members  would  be  delighted  to  help. 
I  have  seen  many  fine  photographs  of  structure  and  abnormal  growth,  and 
photographs  of  special  fungi  collected  at  some  of  our  meetings,  and  I  have 
no  doubt  that  other  Societies  will  be  in  the  same  position.  If  Professor 
Weiss  sends  a  circular  to  our  Societies  he  will  get  something  from  them, 
and  I  am  sure  that  they  will  endeavour  to  help  him. 

Mr.  Coates  :  In  our  Perthshire  Society,  owing  to  the  difficulty  of  pre- 
serving specimens  of  fungi,  we  have  commenced  making  a  complete  series 
of  photographs  of  all  the  fungi  of  the  county.  Our  l^tanical  members 
collect  them  and  bring  them  to  our  rooms  and  the  photographic  members 
reproduce  them.  This  might  be  found  useful  in  other  districts.  We  have 
them  in  our  museum,  and  it  would  be  quite  easy  to  have  duplicates  made 
for  other  parties. 

Mr.  Wager  :  What  we  want  is  to  have  a  botanical  record. 

Mr.  Coates  :  I  think  many  other  Societies  would  be  only  too  glad  to 
do  the  same. 

Professor  Watts  :  I  think  it  might  be  worth  while  to  call  the  atten- 
tion of  any  local  Society  taking  this  up  to  the  fact  that  they  might  form  a 
duplicate  collection,  each  in  its  own  locality.  That  has  been  done  in  some 
Societies  in  geological  matters,  and  in  this  case  it  would  be  very  important 
for  the  local  Society  to  keep  a  set  of  prints  in  the  locality.  With  regard 
to  any  other  point,  I  should  be  only  too  delighted  to  give  help  to  Pro- 
fessor Weiss  in  the  details  should  this  be  satisfactory. 

The  Chairman  :  Botany  is  a  department  of  natural  knowledge  that  is 
so  universally  cultivated  by  local  Societies  that  I  hope  the  suggestions 
that  Mr.  Wager  has  favoured  us  with  will  bear  much  fruit.  If  no  one 
else  desires  to  address  the  Conference  on  Biology  we  shall  pass  to 

Section  L,  Education. 

Dr.  Kimmins  :  I  have  been  desired  by  this  new  Section  to  say  that  we 
have  formed  three  Committees  this  year,  but  they  are  not  on  subjects  which 
the  Corresponding  Societies  could  render  any  definite  assistance.  It  is, 
however,  very  probable  that  in  future  years  we  will  form  Committees  that 
will  necessitate  local  investigations,  and  then  we  will  appeal  to  you  to 
help  us. 

Mr.  Whitaker :  The  British  Association  has  a  remarkably  good  col- 
lection of  the  publications  of  local  Societies.  It  is  growing  vastly,  and  as 
the  space  at  the  offices  of  the  Association  is  limited  it  is  a  question  as  to 
what  will  bo  done  with  it  in  time.  The  great  thing  is  to  put  it  where  it 
can  be  useful,  and  any  suggestions  on  that  subject  would  be  welcome. 

The  Chairman  :  Has  any  other  Delegate  any  other  subject  to  bring 
forward  ?  If  not,  I  have  to  thank  you  very  heartily  for  having  attended 
on  these  two  occasions,  and  we  shall  now  adjourn  until  the  next  meeting 
of  the  British  Association  a  year  hence. 

On  the  motion  of  Dr.  Yaughan  Cornish  a  hearty  vote  of  thanks  was 
given  to  the  Chairman. 
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Catalogue  of  the  more  important  Papers^  and  especialhj  those  referring  to 
Local  Scientific  Investigations^  pviblished  by  the  Corresponding 
Societies  during  the  year  ending  Juns  1,  1901. 

*^  This  catalogue  contains  only  the  titles  of  papers  published  in  the  volumes  or 
parts  of  the  publications  of  the  Corresponding  Societies  sent  to  the  Secretary  of 
the  Committee  in  accordance  with  Rule  2. 

Section  A. — Mathematical  and  Physical  Science. 

Bladen,  W.  Wells.    Report  of  the  Meteorological  Section.    *  Trans. 

N.  Staflf.  F.  C:  XXXV.  126-129, 1901. 
Blyth,  Vincent  J.    On  the  Thermal  Conductivity  of  Substances  of  very 

Low  Conductivity.    *  Proc.  Glasgow  Phil.  Soc.'  xxxi.  189-144, 1900. 
Bkaceett,  Abthub  W.    Science  at  the  close  of  the  Eighteenth  Century. 

*  South-Eastem  Naturalist,'  v.  89-46, 1900. 

Bbown,  M.  Walton.    Barometer,  Thermometer,  &c.,  Readings  for  the 
•    year  1899.    *  Trans.  Inst.  Min.  Eng.'  xix.  569-568, 1900. 
Campbell-Bayard,  F.    Meteorological  Report  for  1899.    *  Trans.  Croy- 
don M.  N.  H.  Q:  IV.  8-16,  and  Appendices  of  Tables,  50  pp.,  1900. 
Chambers,  G.  F.    Eclipses  of  the  Sun,  with  especial  reference  to  the 
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TRANSACTIONS  OF  THE  SECTIONS. 

Sbotion  a.— mathematical  AND  PHYSICAL  SCIENCE. 
PBBSiDBifT  OP  THE  Sbctioh.— Major  p.  A.  MaoMahox,  D.So.,  F.R.S. 


THURSDAY,  SEPTEMBER  12. 

The  Preaident  delivered  the  following  Address : — 

DiTBiKe  the  seyenty  meetings  of  the  Association  a  pure  mathematician  has  been 
preudent  of  Section  A  on  ten  or  a  dozen  occarions.  A  theme  taken  by  many  has 
been  a  defence  of  the  stud^  of  pore  mathematics.  I  take  Oayley's  view  expressed 
before  the  whole  Association  at  Southport  in  1883  that  no  defence  is  necessary, 
bat  were  it  otherwise  I  feel  that  nothing  need  be  added  to  the  eloquent  words  of 
Sylvester  in  1869  and  of  Forsyth  in  1897.  I  intend  therefore  to  make  some  re- 
marks on  several  matters  which  may  be  interesting  to  the  Section  even  at  the  risk 
of  bein?  considered  unduly  desultory. 

Before  commencing  I  must  remark  that  during  the  twelve  imonths  that  have 
elapsed  since  the  Bradford  Meeting  we  have  lost  several  great  men  whose  lives 
Were  devoted  to  the  subjects  of  this  Section.  Hermite^  the  veteran  mathema- 
tidan  of  France,  has  left  behind  him  a  splendid  record  of  purely  scientific 
work.  His  name  will  be  always  connectea  with  the  Herculean  achievement 
of  solving  the  general  qmntic  equation  by  means  of  elliptic  modular  func- 
tions. Other  work,  if  less  striking,  is  equally  of  the  highest  order,  and  his 
treatise  *  Cours  d'Analyse '  is  a  model  of  style.  Of  Fit«3erald  of  Dublin  it 
is  not  easy  to  speak  in  this  room  without  emotion.  For  many  years  he  was 
the  life  and  soul  of  this  Section.  His  enthusiasm  in  regard  to  all  branches  of 
molecular  physics,  the  force  and  profundity  of  his  speech,  the  vigour  of  his  advo- 
cacj^  of  particular  theories,  the  acute  thinking  which  enabled  him  to  formulate 
desiderata,  his  warm  interest  in  the  work  of  others,  and  the  unselfish  aid  he  was 
80  willing  to  give,  are  fresh  in  our  remembrance.  Rowland  was  in  the  forefront  of 
the  nmks  of  physicists.  His  death  at  a  comparatively  earlv  age  terminates  the 
important  series  of  discoveries  which  were  proclaimed  from  his  laboratory  in  the 
Johns  Hopkins  Universit;^  at  Baltimore.  In  Viriamu  Jones  we  have  lost  an 
assiduous  worker  at  physics  whose  valuable  contributions  to  knowledge  indicated 
his  power  to  do  much  more  for  science.  In  Tait,  Scotland  possessed  a  powerful 
and  original  investigator.  The  extent  and  variety  of  his^papers  are  alike  remark- 
able, and  in  his  collected  works  there  exists  an  imperishaole  monument  to  his 
fame. 

It  is  interesting,  in  this  the  first  year  of  the  new  century,  to  take  a  rapid 
glance  at  the  position  that  mathematicians][of  this  country  held  amongst  mathe- 
mrtioianfl  a  hundred  years  ago.  During  the  greater  part  of  the  eighteenth  century 
the  study  of  mathematics  in  England,  Scotland  and  Ireland  had  been  at  a  very 
loiw  ebb.  "Wheiees  in  180  L  on  the  Continent  there  were  the  leaders  Lagrange, 
Laplace  and  Legendre,  and  of  rismg  men,  Fourier,  Ampere,  Poisson  and  Gauss,  we 
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could  only  daim  Thomas  Young  and  Irory  as  men  who  were  doing  notaUe  work 
in  research.  Amonffst  schoolhoys  of  various  ages  we  note  Fiesnel,  fiessel,  Cauchyi 
Chasles,  Lam^,  M5biuSy  v.  Staudt  and  Steiner  on  the  Continent,  and  Babbage, 
Peacocki  John  Herschel,  Henry  ParrHamilton  and  C^eoiffe  Green  in  wis 
country.  It  was  not  indeed  till  about  1845  or  a  Utile  later  that  we  could  point 
to  the  great  names  of  William  Rowan  Hamilton,  MacOullagh,  Adams,  Boole, 
Salmon,  Stokes,  Sylvester,  Cayley,  William  Thomson,  H.  J.  S.  Smith  and 
Clerk  Maxwell  as  adeg[uate  representatives  of  mathematical  science.  It  is 
worthy  of  note  that  this  date,  1845,  marks  also  the  vear  of  the  dissolution  of  a 
very  interesting  society,  the  Mathematical  Society  of  Sj^italfields ;  and  I  would 
like  to  pause  a  moment  and,  if  I  may  say  so,  rescue  it  trom  the  oblivion  which 
seems  to  threaten  it.  In  1801  it  was  already  a  venerable  institution,  having 
been  founded  by  Joseph  Middleton,  a  writer  of  mathematical  text-lK>okB,  in 
1717.^  The  members  of  the  Society  at  the  beginning  were  for  the  most  part 
silk-weavers  of  French  extraction;  it  was  little  more  than  a  working  man's 
club  at  which  questions  of  mathematics  and  natural  philosophy  were  discussed 
every  Saturday  evening.  The  number  of  members  was  limited  to  the  '  square 
of  seven,'  but  later  it  was  increased  to  the  '  square  of  eight,'  and  later  still  to 
the '  sQuare  of  nine.'  In  1725  the  place  of  meeting  was  changed  from  the  Mon- 
mouthTi  Head  to  the  White  Horse  in  Wheeler  Street,  and  in  1735  to  the  Ben 
Jonson's  Head  in  Pelham  Street.  The  subscription  was  six-and-sixpenoe  a 
quarter,  or  sixpence  a  week,  and  entrance  was  gamed  by  production  of  a  metal 
ticket  which  had  the  proposition  of  Pythagoras  engraved  on  one  side  and  a  sighted 
quadrant  with  level  on  the  other.  The  funds,  largely  augmented  by  an  elaM>rate 
system  of  fines,  were  chiefly  used  for  the  purchase  of  books  and  physical 
apparatus.  A  president,  treasurer,  inspector  of  instruments  and  secretary  were 
appointed  annually,  and  there  were,  besides,  four  stewards,  six  auditors,  and  six 
trustees.  By  the  constitution  of  the  Society  it  was  the  duty  of  every  member,  if 
he  were  asked  any  mathematical  or  philosophical  question  by  another  member,  to 
instruct  him  to  the  best  of  his  abihty.  It  was  the  custom  for  each  member  in 
rotation  to  lecture  or  perform  experiments  at  each  evening  meetinjf.  There  was 
a  fine  of  half-a-crown  for  introducing  controverted  points  of  divimty  or  politics. 
The  members  dined  together  twice  annually,  viz.,  on  the  second  Friday  in  January 
in  London  in  commemoration  of  the  birth  of  Sir  Isaac  Newton  (this  feast  fire* 
quently  took  place  at  the  Black  Swan,  Brown's  Lane,  Spitalfields),  and  on  the 
second  Friday  in  July  '  at  a  convenient  distance  in  the  country  in  commemoration 
of  the  birth  of  the  founder.'  The  second  dinner  frequently  fell  through  because  the 
members  could  not  agree  as  to  the  locality.  It  was  found  necessary  to  introduce 
a  rule  fining  members  sixpence  for  letting  ofi^  fireworks  in  the  place  of  meeting. 
Every  member  present  was  entitled  to  a  pint  of  beer  at  the  conmion  expense, 
and,  further,  ever^  five  members  were  entitled  to  call  for  a  ^uart  for  consump- 
tion at  the  meeting.  Such  were  some  of  the  quaint  regulations  in  force  when, 
about  the  year  1750,  the  Society  moved  to  larger  apartments  in  Crispin  Street, 
where  it  remained  without  interruption  till  1843.  It  appears  from  the  old  minute 
books  that  about  the  year  1750  the  Society  absorbed  a  small  mathematical  society 
which  used  to  meet  at  the  Black  Swan,  Brown's  Lane,  above  mentioned,  and 
that  in  1783  an  andent  historical  society  was  also  incorporated  with  it.  By 
the  year  1800  the  class  of  the  members  had  become  improved,  uod  we  find 
some  well-known  names,  such  as  DoUand,  Simpson,  Saunderson,  Crossley, 
Paroissen  and  Gbmpertz.^  At  this  time  lectures  were  given  in  all  branches  of 
science  by  the  members  in  the  Society's  rooms,  which  on  these  occasions  were 
open  to  the  public  on  payment  of  one  shilling.  The  arrangements  for  the 
session  1822-23  included  lectures  in  niechanics,  hydrostatics  and  hydraulics, 
pneiunatics,   optics,   astronomy,   chemistry,   electricity,   galvanism,  magnetism 

>  Its  first  place  of  meeting  was  the  Monmouth's  Head,  Monmoutb  Street,  Spital- 
fields. This  street  has  long  disappeared.  From  a  map  of  London  of  1746  it  appears 
to  have  run  parallel  to  the  present  Brick  Lane  and  to  have  corresponded  to  the  present 
Wilks  Street. 
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snd  botany,  iUustiated  by  experiments.  On  account  of  these  lectures  the 
Society  had  to  fi^ht  an  action-at-law,  and  although  the  case  was  won,  its  slender 
resources  were  cnppled  for  many  years.  In  1827  Benjamin  Gompertz,  FJl.8., 
succeeded  to  the  presidency  on  the  death  of  the  Bev.  (George  Paroissen.  From  the 
Tear  18H0  onwards  the  membership  gradually  declined  and  the  financial  outlook 
became  serious.  In  1843  there  was  a  crisis;  the  Society  left  Crispin  Street  for 
cheaper  rooms  at  9  Devonshire  Street,  Bisbopsgate  Street,  and  finally,  in  1845, 
after  a  futile  negotiation  with  the  London  Institution,  it  was  taken  over  by  the 
Royal  Astronomical  Society,  which  had  been  founded  in  1821.  The  library  and 
dociunents  were  accepted  and  the  few  surviving  members  were  made  life  members 
of  the  Astronomical  Society  without  payment.  So  perished  this  curious  old  insti- 
tution ;  it  had  amassed  a  really  valuaole  library,  containing  books  on  all  branches 
of  science.  The  Astronomical  Society  has  retamed  the  mater  part,  but  some  have 
found  their  way  to  the  libraries  of  the  Chemical  and  otner  societies.  An  inspec- 
tion of  the  documents  establishes  that  it  was  mainly  a  society  devoted  to  physics, 
chemistry  and  natural  history.  It  had  an  extensive  museiun  of  curiorities  and 
specimens  of  natural  history,  presented  by  individual  members,  which  seems  to 
have  disappeared  when  the  rooms  in  Crispm  Street  were  vacated.  It  seems  a  pity 
that  more  effort  was  not  made  to  keep  the  old  institution  alive.  The  fact  is  that 
at  that  date  the  Royal  Society  had  no  sympathy  with  special  societies  and  did  all 
in  its  power  to  discourage  them.  The  Agronomical  Society  was  only  formed  in 
1821  m  the  teeth  of  the  oppodtion  of  the  Royal  Society. 

Reverting  now  to  the  date  1845,  it  may  be  said  that  Arom  this  period  to 
1866  much  good  work  emanated  from  this  country,  but  no  Mathematical 
Society  existed  in  London.  At  the  latter  date  the  present  Societ^r  was  formed, 
with  JOe  Morgan  as  its  first  President.  Gompertz  was  an  original  member, 
and  the  only  person  who  belonged  to  both  the  old  and  new  societies.  The 
thirty-three  volumes  of  proceedings  that  have  appeared  give  a  fair  indication 
of  the  nature  of  the  mathematical  work  that  has  issued  £om  the  pens  of  our 
countrymen.  All  will  admit  that  it  is  the  duty  of  anyone  enga|^d  in  a  particular 
line  of  research  to  keep  himself  abreast  of  discoveries,  inventions,  methods,  and 
ideas,  which  are  being  brought  forward  in  that  line  in  his  own  and  other  coun- 
tries. In  pure  science  this  is  easier  of  accomplishment  by  the  individual  worker 
than  in  the  case  of  applied  science.  In  pure  mathematics  the  stately  edifice  of  the 
Theory  of  Functions  has,  during  the  latter  part  of  the  century  which  has  expired, 
been  slowly  rising  from  its  foundations  on  tne  continent  of  Europe.  It  had  reached 
a  considerable  height  and  presented  an  imposing  appearance  oefore  it  attracted 
more  than  superficial  notice  in  this  country  and  in  America.  It  is  satisfactory  to 
note  that  during  recent  years  much  of  the  leeway  has  been  made  up.  Engfish- 
speaking  mathematicians  have  introduced  the  first  notions  into  elementary  text- 
books ;  they  have  written  advanced  treatises  on  the  whole  subject ;  they  have 
encouraged  the  younger  men  to  attend  courses  of  lectures  in  foreign  universities ; 
so  that  to-day  the  best  students  in  our  universities  can  attend  courses  at  home 
given  by  competent  persons,  and  have  the  opportunity  of  acquiring  adequate  know- 
ledge, and  of  themselves  contributing  to  tne  general  advance.  The  Theory  of 
Functions,  being  concerned  with  the  iunctions  that  satisfy  differential  equations, 
has  attracted  particularly  the  attention  of  those  whose  bent  seemed  to  be  towards 
applied  mathematics  an^  mathematical  physics,  and  there  is  no  doubt,  in  analoffy 
with  the  work  of  Poincard  in  celestial  dynamics,  those  sciences  will  ultimately 
derive  ^reat  benefit  from  the  new  study.  If,  on  the  other  hand,  one  were  asked 
to  specify  a  department  of  pure  mathematics  which  has  been  treated  somewhat 
eoldfy  in  this  country  during  the  last  quarter  of  the  last  century,  one  could  point 
to  geometry  in  general,  and  to  pure  geometry,  descriptive  geometry,  and  the 
theory  of  surfaces  in  particular.  This  may  doubtless  be  explained  by  the  cir- 
cumstance that,  at  the  present  time,  the  theory  of  differential  equations  and  the 
problems  that  present  themselves  in  their  discusrion  are  of  such  commanding 
importance  f^m  the  point  of  view  of  the  general  advance  of  mathematical  science 
that  those  subjects  naturally  prove  to  be  most  attractive. 

Aa  regards  organisation  and  co-operation  in  mathematics,  Germany,  I  believe, 


Digitized  by 


Google 


528  BBFOBT— 1901. 

stands  first.  The  custom  of  ofiexing  prises  for  the  sohitioiis  of  deBnite  problems 
which  are  necessary  to  the  ffeneral  advance  obtains  more  in  Germany  and  in 
France  than  here,  where,  I  oelieye,  the  Adams  Prize  stands  alone.  The  idea 
has  an  indirect  value  in  pointing  out  some  of  the  more  pressing  desiderata  to 
young  and  enthusiastic  students,  and  a  direct  importance  in  frequently,  as  it 
proves,  producing  remarkable  dissertations  on  the  proposed  questions.  The  field 
IS  so  vast  that  any  comprehensive  scheme  of  co-operation  is  scarcely  possible, 
thou^  much  more  might  be  done  with  advantage. 

U  we  turn  our  eyes  to  the  world  of  astronomy  we  find  there  a  grand  scheme  of 
co-operation  which  other  departments  may  indeed  envy.  The  gravitation  formula  has 
been  recognised  from  the  time  of  Newton  as  ruling  the  dynamics  of  the  heavens, 
and  the  exact  agreement  of  the  facts  derived  from  observation  with  the  simple 
theory  has  established  astronomy  as  the  most  exact  of  all  the  departments  of 
applied  science.  Men  who  devote  themselves  to  science  are  actuated  either  by  a 
pure  love  of  truth  or  because  they  desire  to  apply  natural  knowledge  to  the  boue- 
fit  of  mankind.  Astronomers  l>elong,  as  a  rule,  to  the  first  cat^oiy,  which,  it 
must  be  admitted,  is  the  more  purely  scientific  We  not  only  find  international 
co-operation  in  systematically  mapping  the  universe  of  stars  and  keeping  all  por- 
tions of  the  universe  under  constant  observation,  but  also  when  a  particular  object 
in  the  heavens  presents  itself  under  circumstances  of  peculiar  interest  or  importance, 
the  observatories  of  the  world  combine  to  ascertain  the  facts  in  a  manner  which  is 
truly  remarkable.  As  an  illustration,  I  will  instance  the  tiny  planet  £ros  di»- 
covered  a  few  years  ago  by  De  Witt.  Recently  the  planet  was  in  opposition  and 
more  favourably  situated  for  observation  than  it  will  be  again  for  thirty  years.  It 
was  determined,  at  a  conference  held  in  Paris  in  July  l^OU,  that  combined  work 
should  be  undertaken  by  no  fewer  than  fifty  observatories  in  all  parts  of  the  world. 
Beyond  the  fixing  of  the  elements  of  the  mean  motion  and  of  the  perturbations  of 
orbit  due  to  the  major  planets,  the  principal  object  in  view  is  the  more  accurate 
determination  of  solar  parallax.  To  my  mind  this  concert  of  the  world,  this  cos- 
mopolitan association  of  fine  intellects,  fine  instruments,  and  the  best  known 
methods,  is  a  deeply  impressive  spectacle  and  a  grand  example  of  an  ideal  scientific 
spirit.  Other  sciences  are  not  so  favourably  circumstanced  as  is  astronomy  for 
work  of  a  similar  kind  undertaken  in  a  similar  spirit.  If  in  comparison  tbey 
appear  to  be  in  a  chaotic  state,  the  reason  in  part  must  be  sought  for  in  conditiona 
inherent  to  their  study,  which  make  combined  work  more  difficult,  and  the  results 
of  such  combined  work  as  there  is,  less  striking  to  spectators.  Still,  the  illustra- 
tion I  have  given  is  a  useful  object-lesson  to  all  men  of  science,  and  may  encourage 
those  who  have  the  ability  and  the  opportunity  to  make  strenuous  efforts  to 
further  progress  by  bruging  the  work  of  many  to  a  single  focus. 

In  pure  science  we  look  for  a  free  interchange  of  ideas;  but  in  applied  physics  the 
case  is  different,  owing  to  the  &ct  that  the  commercial  spirit  laigely  enters  into  them. 
In  a  recent  address,  Professor  Perry  has  stated  that  the  stan£upd  of  knowledge  in 
electrical  engineering  in  this  country  is  not  as  high  as  it  is  elsewhere,  and  all  men 
of  science  and  many  men  in  the  street  know  him  to  be  right.  This  is  a  serioua 
state  of  affairs,  to  which  the  members  of  this  Section  cannot  be  in  any  sense 
indifferent.  We  cannot  urge  that  it  is  a  matter  with  which  another  Section  (^ 
the  Association  is  concerned  to  a  larger  degree.  It  is  our  duty  to  take  an  active, 
and  not  merely  passive  attitude  towards  this  serious  blot  on  the  page  of  applied 
science  in  Enghmd.  For  this  many  reasons  might  be  given,  but  it  is  sufficient  to 
instance  one,  and  to  state  that  neglect  of  electrical  engineering  has  a  baneful 
effect  upon  research  in  pure  science  in  this  country.  It  hinders  investigations  in 
pure  physics  by  veiling  from  observation  new  phenomena  which  arise  naturally, 
and  by  putting  out  of  our  reach  means  of  experimenting  with  new  comUnations 
on  a  large  scsIb.  Professor  Perry  has  asugned  several  reasons  for  the  present 
impasse,  viz.,  a  want  of  knowledge  of  mathematics  on  the  part  of  the  rising 
generation  of  engineers ;  the  bad  teaching  of  mathematics ;  the  antiquated  methods 
of  education  generally ;  and  want  of  recognition  of  the  fact  that  engineering  is  not 
on  stereotypMl  lines,  but,  in  its  electrical  aspect,  is  advancing  at  a  prodigious  rate ; 
municipal  procrastination,  and  so  on.    He  ocmfeesesi  moreover,  that  he  does  not 
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AM  hia  waj  out  of  the  difiiciiltj,  ftud  is  eyidently  in  a  condition  of  gloomy  appre- 
hension. 

It  is,  I  think,  undoubted  that  science  has  been  neglected  in  this  country,  and 
that  we  are  reaping  as  we  have  sowed.  The  importance  of  science  teachuu^  in 
secondary  schools  has  been  oyerlooked.  Those  concerned  in  our  industries  hare 
not  seen  the  advantage  of  treating  their  workdiops  and  manufiMstories  as  labora- 
tories of  researdi.  The  Government  has  given  too  meagre  an  endowment  to 
scientific  institutions,  and  has  failed  to  adequately  encourage  scientific  men  and  to 
attract  a  satisfiictory  q^uota  of  the  best  intellects  of  the  oountry  to  the  study  of 
sdence.  Moreover,  pnvate  benefoctors  have  not  been  so  numerous  as  in  some 
other  countries  in  respect  of  those  departments  of  scientific  work  which  are  either 
non-utilitarian  or  not  immediately  and  obviously  so.  We  have  been  lacking  alike 
in  science  organisation  and  in  cTOCtive  oo-op«ration  in  work. 

It  has  been  attempted  to  overcome  defects  in  training  for  scientific  pursuits  by 
the  construction  of  royal  roads  to  scientific  knowledge.  Engineering  students 
have  been  urged  to  forego  the  study  of  Euclid,  and,  as  a  substitute,  to  practise 
drawing  triangles  and  squares ;  it  has  been  pointed  out  to  them  that  mathematical 
study  1^  but  one  object,  viz.,  the  practical  carrving  out  of  mathematical  opera- 
tions; that  a  collection  of  mathematical  rules  of  thumb  is  what  they  should  aim 
at ;  that  a  knowledge  of  the  meaning  of  processes  may  be  left  out  of  account  so 
long  as  a  sufficient  grasp  of  the  application  of  the  resulting  rules  is  acquired.  In 
particular,  it  has  be^  stated  that  the  study  of  the  fundamental  principles  of  the 
infiDitesimal  calculus  may  profitably  be  deferred  indefinitely  so  long  as  the  student 
is  able  to  difierentiate  and  integrate  a  few  of  the  simplest  functions  that  are  met 
with  in  pure  and  applied  physics.  The  advocates  of  these  views  are,  to  my  mind, 
ui^ng  a  process  of  '  cramming '  for  the  work  of  life  which  compares  unfavourably 
with  that  adopted  bv  the  so-called  'crammers'  for  examinations;  the  latter  I 
believe  to  be,  as  a  rule,  much  maligned  individuals,  who  succeed  by  good  or^;ani- 
eation,  hard  work,  and  personal  infiuence,  where  the  majority  of  public  and  private 
schools  fail ;  the  examinations  for  which  their  students  compete  encourage  them 
to  teach  didr  pupils  to  think,  and  not  to  rely  principally  upon  remembering  rules. 
The  best  objects  of  education,  I  believe,  are  the  habits  of  thought  and  observation, 
the  teaching  of  how  to  think,  and  the  cultivation  of  the  memory ;  and  examiners 
of  experience  are  able  to  a  considerable  extent  to  infiueuce  the  teaching  in  these 
respects ;  they  show  the  teachers  the  direction  in  which  the^  should  look  for 
success.  The  result  has  been  that  the  *  crammer '  for  exammations,  if  he  ever 
existed,  has  disappeared.  But  what  can  be  said  for  the  prindple  of  cramming  for 
the  work  of  one  s  life  P  Here  an  examination  would  be  no  check,  for  examiners 
imbued  with  the  same  notion  would  be  a  necessary  part  of  the  system ;  th^ 
awakening  of  the  student  would  come,  perhaps  slowly,  but  none  the  less 
inevitably ;  he  might  exist  for  a  while  on  his  formulaa  and  his  methods,  but  with 
the  march  of  events,  resulting  in  new  ideas,  new  apparatus,  new  designs,  new 
inventions,  new  materials  requiring  the  utmost  development  of  the  powers  of  the 
mind,  he  will  certainly  find  himsuf  hopelessly  at  sea  and  in  constant  danger  of 
discovering  that  he  is  not  alone  in  thinking  himself  an  impostor.  And  an  impostor 
he  will  be  if  he  does  not  by  his  own  assiduity  cancel  the  pernicious  efiects  of  the 
system  upon  which  he  has  been  educated.  I  do  not,  I  repeat,  believe  in  royal 
roads,  though  I  appreciate  the  advantage  of  easy  coaches  in  Inndred  sciences.  In 
the  science  to  which  a  man  expects  to  devote  his  life,  the  progress  of  which  he 
hopes  to  fbrther,  and  in  which  he  looks  for  his  life*s  success,  there  is  no  royal  road.; 
The  neglect  of  sdence  is  not  to  be  remedied  by  any  method  so  repugnant  to  the 
scientims  spirit ;  we  must  take  the  greater,  knowing  that  it  includes  the  less,  not 
the  less,  hoping  that  in  some  happy-go-lucky  way  the  greater  will  follow. 

At  the  beginning  of  the  nineteenth  century  it  was  possible  for  most  workers  to 
be  well  acquainted  with  nearly  all  important  theories  in  any  division  of  science ; 
the  number  of  workers  was  not  great,  and  the  results  of  their  labours  were  for  the 
most  part  concentrated  in  treatises  and  in  a  few  publications  espedally  devoted  to 
science;  it  was  comparatively  easy  to  follow  what  was  being  done.  At  the 
present  %me  the  8t(^^  of  afiai^  is  d^ff^^n^.    The  number  of  ^o^pl^erQ  i^  very  f  aipge  | 
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the  treatifles  and  periodical  ecientific  journals  are  very  numerous ;  the  ramifications 
of  investigation  are  so  complicated  that  it  is  scarcely  possible  to  acquire  a  com- 
petent knowledge  of  the  progress  that  is  being  made  in  more  than  a  few  of  the  sub- 
diTisions  of  any  branch  of  science.  Hence  the  so-called  specialist  has  come 
into  being. 

Evident  though  it  be  that  thb  is  necessarily  an  age  of  specialists,  it  is  curious 
to  note  that  the  word  *  specialist  *  is  often  used  as  a  term  of  opprobrium,  or  as 
a  symbol  of  narrowmindedness.  It  has  been  stated  that  most  speciali^  run 
after  scientific  truth  in  intellectual  blinkers;  that  they  wilfully  restrain  them- 
selves from  observing  the  work  of  others  who  may  be  even  in  the  immediate 
neighbourhood;  that  even  when  the  line  of  pursuit  intersects  obviously  other 
lined,  such  intersection  is  passed  by  without  remark;  that  no  attention  is  paid 
to  the  existence  or  the  construction  of  connecting  lines ;  that  the  necessity  for 
collaboration  is  overlooked;  that  the  general  advance  of  the  bodj  of  scientific 
truth  is  treated  as  of  no  concern ;  that  absolute  independence  of  aun  is  the  thing 
most  to  be  desired.  I  propose  to  inquire  into  the  possibility  of  such  an  individual 
existing  as  a  scientific  man. 

I  take  as  a  provisional  definition  of  a  specialist  in  science  one  who  devotes 
a  very  large  proportion  of  his  eneiffies  to  original  research  in  a  particular 
subdivision  of  his  subject.  It  will  be  sufficient  to  consider  the  subjects  that 
come  under  the  purview  of  Section  A,  though  it  will  be  obvious  that  a  similar 
train  of  reasoning  would  have  equal  validity  in  connection  with  the  subjects 
included  in  any  of  the  other  sections.  I  take  the  word  'specialist'  to  denote  a 
man  who  makes  original  discoveries  in  some  branch  of  science,  and  I  deny  that 
any  other  man  has  the  right,  in  the  modem  meaning  of  the  word,  to  be  called 
by  others,  or  to  call  himsdf,  a  specialist.  I  would  not  wish  to  be  understood  to 
imply  a  belief  that  a  truly  scientific  man  is  necessarily  a  specialist;  I  do  believe 
that  a  scientific  man  of  high  type  is  almost  invariably  an  original  discoverer  in  one 
or  more  snedal  branches  of  science ;  but  I  can  conceive  that  a  man  may  study  the 
mutual  relations  of  different  sciences  and  of  different  branches  of  the  same  science 
and  may  throw  such  an  amount  of  light  upon  the  underlying  principles  as  to  be 
in  the  highest  degree  scientific.  I  will  now  advance  the  proposition  that,  with 
this  exception,  all  scientific  workers  are  specialists ;  it  is  merel^r  a  question  of 
degree.  An  extreme  specialist  is  that  man  who  makes  discovenes  in  only  one 
branch,  perhaps  a  very  narrow  branch,  of  his  subject.  I  shall  consider  that  in 
defending  him  I  am  d /or ^on  defending  the  man  who  is  a  specialist,  but  not  of  this 
extreme  character. 

A  subject  of  study  may  acquire  the  reputation  of  being  narrow  either 
because  it  has  for  some  reason  or  other  not  attracted  workers,  and  is  in  reality 
viigin  soil  only  awaiting  the  arrival  of  a  husbandman  with  the  necessary  skill ; 
or  because  it  is  an  extremely  difficult  subject  which  has  resisted  previous 
attempts  to  elucidate  it.  In  the  latter  case,  it  is  not  likely  that  a  scientific 
man  will  obstinately  persist  in  trymg  to  force  an  entrance  through  a  bare  blank 
wall,  lather  firom  weariness  in  striving,  or  from  the  exercise  of  his  judgment,  he 
will  turn  to  some  other  subdivisk>n  which  appears  to  give  greater  promise  of 
success.  When  the  subject  is  narrow  merely  oecause  it  has  b^n  overlooked,  the 
specialist  Jias  a  grand  opportunity  for  widening  and  freeing  it  from  the  reproach 
of  being  narrow ;  when  it  is  narrow  from  its  inherent  difficulty  he  has  the  oppor- 
tunity of  exerting  his  full  strength  to  pierce  the  barriers  which  dose  the  way  to 
discoveries.  In  either  case  the  specialist,  before  he  can  determine  the  particular 
subject  which  is  to  engage  his  thoughts,  mast  have  a  fairly  wide  knowledge  of  the 
whole  of  his  subject.  If  be  does  not  possess  this  he  will  most  likelv  make  a 
bad  choice  of  particular  subjects,  or,  having  made  a  wise  selection,  will  lack  an 
essential  part  of  the  mental  equipment  necessary  for  a  successful  investigation. 
Again,  though  the  subject  may  be  a  narrow  one,  it  by  no  means  follows  that  the 
af>propriate  or  possible  methods  of  research  are  prescribed  within  narrow  limits.  I 
will  instance  vie  Theory  of  Numbers  which,  in  comparatively  recent  times,  was  a 
subject  of  small  extent  and  of  restricted  application  to  other  branches  of  science. 
The  problems  that  presented  themselves  naturally,  or  were  brought  into  promt* 
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nence  by  the  imaginatioiiB  of  ^n^eat  intellects,  were  fraught  with  difficulty.  There 
seemed  to  he  an  aoeence,  partial  or  complete,  of  the  law  and  order  that  investi- 
gators had  been  accustomed  to  find  in  the  wide  realm  of  continuous  quantity. 
The  country  as  explored  was  found  to  be  full  of  pitfalls  for  the  unwary.  Many 
a  lesson  concerning  the  danger  of  hasty  generalisation  had  to  be  learnt  and 
taken  to  heart.  Many  a  false  step  had  to  be  retraced.  Many  a  road  which  a 
first  reconnaissance  had  shown  to  be  straight  for  a  short  distance,  was  found  on 
further  exploration,  to  suddenly  change  its  direction  and  to  break  up  into  a 
number  of  paths  which  wandered  in  a  fitful  manner  in  country  of  increasing 
natural  difficulty.  There  were  few  vanishing  points  in  the  perspective.  Few, 
also»  and  insignificant  were  the  peaks  from  which  a  genend  view  could  be 
gathered  of  any  considerable  portion  of  the  country.  The  surveving  instruments 
were  inadequate  to  cope  with  the  physical  characters  of  the  land.  The  province 
of  the  Theory  of  Numbers  was  fortudding.  Many  a  man  returned  empty-handed 
and  baffled  from  the  pursuit,  or  else  was  drawn  into  the  vortex  of  a  kind  of 
Maelstrom  and  bad  his  heart  crushed  out  of  him.  But  early  in  the  last  century 
the  dawn  of  a  brighter  day  was  breaking.  A  combination  of  great  intellecte — 
Le^ndre,  Gauss,  Eisenstem,  Stephen  Smith,  &c. — succeeded  in  adapting  some 
of  the  existing  instruments  of  research  in  continuous  quantity  to  effective  use 
in  discontinuous  quantity.  These  adaptations  are  of  so  difficult  and  ingenious 
a  nature  that  they  are  to-day,  at  the  commencement  of  a  new  century,  the 
wonder  and,  I  may  add,  the  deUght  of  beholders.  True  it  is  that  the  beholders 
are  few.  To  attain  to  the  point  of  vantage  is  an  arduous  task  demanding  alike 
devotion  and  courage.  I  am  reminded,  to  take  a  geographical  analogy,  of  the 
Hamilton  Falls,  near  Hamilton  Inlet,  in  Labrador.  I  have  been  informed  that 
to  obtain  a  view  of  this  wonderful  natural  feature  demands  so  much  time  and 
intrepidity,  and  necessitates  so  many  collateral  arrangements,  that  a  few  years 
ago  only  nine  white  men  had  feasted  their  eyes  on  falls  which  are  finer  than 
those  of  Niagara.  The  labours  of  the  mathematicians  named  have  resulted 
in  the  formation  of  a  large  body  of  doctrine  in  the  Theory  of  Numbers.  Much 
that,  to  the  superficial  observer,  appears  to  lie  on  the  threshold  of  the  subject 
is  found  to  be  deeply  set  in  it  and  to  be  only  capable  of  attack  after  problems 
at  first  sight  much  more  complicated  have  been  solved.  The  mirage  that 
distorted  tiie  scenery  and  obscured  the  perspective  has  been  to  some"  extent 
dissipated;  certain  vanishing  points  have  been  ascertained;  certain  elevated 
spots  giving  extensive  views  nave  been  either  found  or  constructed.  The  point 
1  wish  to  urge  is,  that  these  specialists  in  the  Theory  of  Numbers  were  successful 
for  the  reason  that  they  were  not  specialists  at  all  in  any  narrow  meaning  of  th^ 
word.  Success  was  oidy  possible  because  of  the  wide  learning  of  the  investigator ; 
because  of  his  accurate  knowledge  of  the  instruments  that  had  been  made  effective  in 
other  branches ;  and  because  he  had  grasped  the  underlying  principles  which  caused 
those  instruments  to  be  effective  in  particular  cases.  1  am  confidfent  that  many  a 
worker  who,  from  the  supposed  extremely  special  character  of  his  researches 
has  been  the  mark  of  sneer  and  of  sarcasm,  would  be  found  to  have  devoted  the 
larger  portion  of  his  time  to  the  study  of  methods  which  had  been  available  in 
oUier  branches,  perhaps  remote  from  the  one  which  was  particularly^  attracting 
his  attention.  He  would  be  foimd  to  have  realised  that  analogy  is  often  the 
fingernpost  that  pomts  the  way  to  useful  advance ;  that  his  mind  hf^  been  trained, 
and  his  work  assisted,  by  studying  exhaustively  the  successes  and  £ulure6  of  his 
fellow- workers.  But  it  is  not  only  existing  methods  that  may  be  available  in  a 
special  research. 

Furthermore,  a  special  study  frequently  creates  new  methods  which  may  be 
subseauently  found  applicable  to  other  branches.  Of  this  the  Theory  of  Numbers 
furnishes  several  beautiful  illustrations.  Generally,  the  method  is  more  important 
than  the  immediate  result.  Though  the  result  is  the  offspring  of  the  method,  the 
method  is  the  offspring  of  the  search  after  the  result.  The  Law  of  Qaudratic 
Beciprocity,  a  comer-stone  of  the  edifice,  stands  out  not  only  for  tbe  mfluence  it  has 
exerted  in  many  branches,  but  also  for  the  number  of  new  methods  to  which  it 
has  given  birth,  which  are  now  a  portion  of  the  stock-in-trade  of  a  mathematician. 
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Euler,  LegendrOy  Gauns,  EisensteiD,  Jacobi,  KroneckoTy  Poincax^,  and  Klein  are 
great  names  that  will  be  for  ever  associated  with  it.  Who  can  forget  the  work  of 
H.  J.  S.  Smith  on  homogeneous  forms  and  on  the  five-square  theorem,  work  which 
gave  rise  to  processes  tlutt  have  proved  invaluable  over  a  wide  field,  imd  which 
supplied  many  connectinfi^  links  between  departments  which  were  previously  in 
more  or  less  complete  isolation  P 

In  this  connection  I  will  further  mention  two  branches  with  which  I 
have  a  more  special  acquaintance — the  theory  of  invariants,  and  the  com- 
binatorial analysis.  The  theory  of  invariants  was  evolved  by  the  combined 
effi>rts  of  Boole,  Oayley,  Sylvester,  and  Salmon,  and  has  progressed  daring 
the  last  sixty  years  with  the  co-operation,  amongst  othm,  of  Aionhol£ 
Olebsch,  Gordan,  Brioschi,  Lie,  Klein,  Poincar^,  Forsyth,  Hilbert,  EUiott,  and 
Young.  It  involves  a  principle  which  is  of  wide  significance  in  all  the  sulgect- 
matters  of  inorganic  science,  of  organic  science,  and  of  mental,  moral  and 
political  philosophy.  In  any  subject  of  inquiry  there  are  certain  entities,  the 
mutual  relations  of  which  under  varbus  conditions  it  is  desirable  to  ascertain. 
A  certain  combination  of  these  entities  may  be  found  to  have  an  unalterable  yaloe 
when  the  entities  are  submitted  to  certain  processes  or  are  made  the  subjects  of 
certain  operations.  The  theory  of  invariants  in  its  widest  scientific  meaning 
determines  these  combinations,' elucidates  their  properties,  and  expresses  results 
when  possible  in  terms  of  them.  Many  of  the  general  prindplee  of  political 
science  and  economics  can  be  expressed  by  means  of  invariantive  relations  connect- 
ing the  factors  which  enter  as  entities  into  the  special  problems.  The  great 
principle  of  chemical  science  which  asserts  that  when  elementary  or  compound 
bodies  combine  with  one  another  the  total  weight  of  the  materials  is  unchanged, 
is  another  case  in  point.  Again,  in  physics,  a  given  mass  of  gas  under  the 
operation  of  varying  pressure  and  temperature  has  the  well-^mown  invariant, 
pressure  multiplied  by  volume  and  divided  by  absolute  temperature.  ExampleB 
might  be  multiplied.  In  mathematics  the  entities  under  examination  may  be 
arithmetic,  algebraic,  or  geometric;  the  processes  to  which  they  are  sub- 
jected may  be  any  of  those  which  are  met  with  in  mathematical  work.  It  is 
the  principle  which  is  so  valuable.  It  is  the  idea  of  invariance  that  pervades 
tonday  all  branches  of  mathematics.  It  is  found  that  in  investigations  the 
invanantive  firactions  are  those  which  persist  in  presenting  themselves,  even  when 
the  processes  involved  are  not  such  as  to  ensure  the  invanance  of  those  functions. 
Guided  by  analogy  may  we  not  anticipate  similar  phenomena  in  other  fields  of 
workP 

The  combinatorial  analysis  may  be  described  as  occupyinjg  an  extensive  region 
between  the  algebras  of  discontinuous  and  continuous  quantity.  It  is  to  a  certain 
extent  a  science  of  enumeration,  of  measurement  by  means  of  integers,  as  opposed 
to  measurement  of  quantities  which  vary  by  infinitesimal  increments.  It  is  idso 
concerned  with  arrangements  in  which  difierences  of  quality  and  relative  position 
in  one,  two,  or  three  dimensions,  are  factors.  Its  chief  problem  is  the  formation  of 
connecting  roads  between  the  sciences  of  discontinuous  and  continuous  quantity. 
To  enable,  on  the  one  hand,  the  treatment  of  quantities  which  vary  per 
saUumf  either  in  magnitude  or  position,  by  the  methods  of  the  science 
of  continuously  varying  (quantity  and  position,  and  on  the  other  hand 
to  reduce  problems  of  contmuity  to  the  resources  available  for  the  manage- 
ment of  discontinuity.  These  two  roads  of  research  should  be  regarded  as  pene- 
trating deeply  into  the  domains  which  they  connect. 

In  the  early  days  of  the  revival  of  mathematical  learning  in  Europe  the  subject 
of  'combinations'  cannot  be  said  to  have  rested  up(m  a  scientific  basis.  It  was 
brought  forward  in  the  shape  of  a  number  of  isolated  questions  of  arrangement^ 
which  were  solved  by  mere  counting.  Their  solutions  did  not  further  the  generftl 
progress,  but  were  merely  valuable  in  connection  with  the  special  problems.  life 
and  form,  however,  were  infused  when  it  was  reoognised  by  Be  Moivre,  Bernoulli, 
and  others  that  it  was  possible  to  create  a  science  of  probability  on  the  basis  of 
enumeration  and  arrangement.  Jacob  Bernoulli,  in  his  '  An  donjectandi,'  1718, 
established  the  fundamental  principles  of  the   Calculus  of  Probabilities.     A^ 
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■yitemfttie  advanoe  in  certain  questions  which  depend  upon  the  partitions  of 
numbers  was  only  possible  when  Euler  showed  tnat  tbe  identity  a^  a^mx*^^ 
reduced  arithmetical  addition  to  aJgebraical  multiplication  and  vice  versd.  Starting 
with  this  notion,  £uler  developed  a  theory  of  generating  functions  on  the  expan- 
sion of  which  depended  the  formal  solutions  of  many  problems.  The  subsequent 
work  of  Gay  ley  and  Sylvester  rested  on  the  same  idea,  and  gave  rise  to  many  im- 
provements. The  combinations  under  enumeration  had  all  to  do  with  what  may 
be  termed  arrangements  on  a  line  subject  to  certain  laws.  The  results  were  im- 
portant algebraically  as  throwing  Hght  on  the  theory  of  Algebraic  series,  but  another 
large  class  of  problems  remained  untouched,  and  was  considered  as  being  both 
outside  the  scope  and  beyond  the  power  of  the  method.  I  propose  to  give  some 
account  of  these  problems,  and  to  add  a  short  history  of  the  way  in  which  a 
method  of  solution  has  been  reached.  It  will  be  gathered  from  remarks  made 
above  that  I  regard  any  department  of  scientific  work,  which  seems  to  be  narrow 
or  isolated,  as  a  proper  subject  for  research.  I  do  not  believe  in  any  branch 
of  science,  or  subject  of  scientific  work,  being  destitute  of  connection  with  other 
branches.  If  it  appears  to  be  so,  it  is  especially  marked  out  for  investigation  by 
the  very  unity  of  science.  There  is  no  necessarily  pathless  desert  separating 
different  regions.  Now  a  department  of  pure  mathematics  which  appeared  to  be 
somewhat  in  this  forlorn  condition  a  few  years  ago,  was  that  which  included  prob- 
lems of  the  nature  of  the  magic  square  of  the  ancients.  Conceive  a  rectangular 
lattice  or  generalised  chess  board  {cf,  *  Qitter,'  Klein),  whose  compartments  are 
situations  for  given  numbers  or  quantities,  so  that  there  is  a  rectangular  array  of 
certain  entities.  The  general  problem  is  the  enumeration  of  the  arrays  when  both 
the  rows  and  tbe  columns  of  the  lattice  satisfy  certain  conditions.  With  the 
simplest  of  such  problems  certain  progress  had  undoubtedly  been  made.  The 
article  on  Ma^c  S(jiiares  in  the  '  £ncyclopsedia  Britannica,  and  others  on  the 
same  subject  m  various  scientific  publications,  are  examples  of  such  progress,  but 
the  position  of  isolation  was  not  seusibly  ameliorated.  Again  the  wdl-known 
*  probldme  des  rencontres '  is  an  instance  in  point.  Here  the  problem  is  to  place 
a  number  of  different  entities  in  an  assigned  order  in  a  line  and  beneath  them  the 
same  entities  in  a  different  oixler  subject  to  the  condition  that  the  entities  in  the 
same  vertical  line  are  to  be  different.  This  easy  question  has  been  solved  by 
generating  functions,  finite  differences,  and  in  many  other  ways.  In  fact  when  the 
number  or  rows  b  restricted  to  two,  the  difficulties  inherent  in  the  problem  when 
more  than  two  rows  are  in  question  do  not  present  themselvea  The  problem  of 
the  Latin  Square  is  concerned  with  a  square  of  order  n  and  n  different  quantities 
which  have  to  be  placed  one  in  each  of  the  n^  compartments  in  such  wise  that 
each  row  and  each  column  contains  each  of  the  quantities.  The  enumeration  of 
such  arrangements  was  studied  by  mathematicians  from  Euler  to  Cayley  without 
any  real  progress  being  made.  In  reply  to  the  remark  *  Oui  bono  P  '  I  should  say 
that  such  arrangements  have  presented  themselves  for  investigation  in  other 
branches  of  mathematics.  Symbolical  algebras,  and  in  particular  the  theory  of 
discontinuous  groups  of  operations,  have  their  laws  defined  by  what  Cayley  has 
termed  a  multiplication  table.  Such  multiplication  tables  are  necessarily  Latin 
Squares,  though  it  is  not  conversely  true  that  every  Latin  Square  corresponds  to  a 
multiplication  table.  One  of  the  most  important  questions  awaiting  solution  in 
connection  with  the  theory  of  finite  discontinuous  groups  is  the  enumeration  of 
the  types  of  groups  of  given  order,  or  of  Latin  Sauares  which  satisfy  additional 
conditions.  It  thus  comes  about  that  the  subject  of  Latin  Squares  is  im]^rtant  in 
mathematics,  and  some  new  method  of  dealing  with  them  seems  imperative. 

A  fundamental  idea  was  that  it  might  be  possible  to  find  some  mathematical 
operation  of  which  a  particular  Latin  Square  might  be  the  diagrammatic  repre- 
sentative. If,  then,  a  one-to-one  correspondence  could  be  establisned  between  such 
mathematical  operations  and  the  Latin  Squares,  the  enumeration  might  conceivably 
follow.  Bearing  this  notion  in  mmd,  consider  the  differentiation  of  o^  with 
regard  to  x.  Noticing  that  the  result  is  na^-^  (n  an  integer),  let  us  inquire 
whether  we  can  break  un  the  o])eration  of  differentiation  into  n  elementary  por- 
tions, each  of  which  will  contribute  a  unit  to  the  resulting  coefficient  n.    If  we 
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write  down  a"^  as  the  product  of  n  letters,  tIz.,  xxxx  .  •  .,  it  is  obrious  that  if  we 
substitute  unity  in  place  of  a  sinffle  a:  in  all  possible  ways,  and  add  together  ih» 
results,  we  shall  obtain  naf^'K  We  have,  therefore,  n  different  elementary  opera- 
tions, each  of  which  consists  in  substituting  unity  for  x.  We  may  denote  these 
diagrammatically  by 


IT 


and  from  this  point  of  yiew  ---  is  a  combinatorial  symbol,  and  denotes  by  the 
ax 

coefficient  n  the  number  of  ways  of  selecting  one  out  of  n  different  things. 

Similarly,  the  higher  differentiations  give  rise  to  diagrams  of  two  or  more 
rows,  the  numbers  of  which  are  given  by  the  coefficients  which  result  from  such 
differentiations.  Following  up  this  clue  much  progress  has  been  made.  For  a 
particular  problem  success  depends  upon  the  design,  on  the  one  hand,  of  a  func- 
tion, on  the  other  hand,  of  an  operation  such  that  diagrams  make  their  appearance 
which  have  a  one-to-one  correspondence  with  the  entities  whose  enumeration  is 
sought.  For  a  general  investigation,  however,  it  is  more  scientiiic  to  start  bv 
designing  functions  and  operations,  and  then  to  ascertain  the  problems  of  whicn 
the  solution  is  furnished.  The  difficulties  connected  with  the  Latin  Square  and 
with  other  more  general  questions  have  in  this  way  been  completely  overcome. 

The  second  new  method  in  anal^^sis  that  I  desire  to  bring  before  the  Section 
had  its  origin  in  the  theory  of  partition.  Diophantus  was  accustomed  to  consider 
algebraical  questions  in  which  toe  symbols  of  quantity  were  subject  to  certain  con- 
ditions, such,  for  instance,  that  they  must  denote  positive  numbers  or  integer 
numbers.  A  usual  condition  with  him  was  that  the  quantities  must  denote  posi- 
tive integers.  All  such  problems  and  particularly  those  last  specified  are  qualified 
hy  the  adjective  Diophantine.  The  partition  of  numbers  is  then  on  all  fours  with 
the  Diophantine  equation 

a  +  p  +  y+  . . .  +v-n, 

a  further  condition  being  that  one  solution  only  is  given  by  a  group  of  numbers 
a,  ^,  y  .  .  .  satisfying  the  equation ;  that  in  fact  permutations  amount  the  quanti- 
ties a,  3,  ^  ...  are  not  to  be  taken  into  account.  This  further  condition  is  brought 
in  analytically  by  adding  the  Diophantine  inequalities 

w  in  number.  The  importation  of  this  idea  leads  to  valuable  results  in  the  theory 
of  the  subject  which  suggested  it.  A  generating  function  can  be  formed  which 
involves  in  its  construction  the  Diophantine  equation  and  inequalities,  and  leads 
after  treatment  to  a  representative,  as  well  as  enumerative,  solution  of  the  problem. 
It  enables  further  the  establishment  of  a  group  of  fundamental  parts  of  the  parti- 
tions from  which  all  possible  partitions  of  numbers  can  be  formed  by  addition  with 
repetition.  In  the  case  of  simple  unrestricted  partition  it  gives  directly  the  com- 
position by  rows  of  units  which  is  in  fact  carried  out  by  the  Ferrers-Sylvester 
graphical  ref>resentation,  and  led  in  the  hands  of  the  latter  to  important  results 
connection  with  algebraical  series  which  present  themselves  in  eUiptic  functions 
and  in  other  departments  of  mathematics.  Other  branches  of  analysis  and  geometry 
supply  instances  of  the  value  of  extreme  specialisation. 

What  we  require  is  not  the  disparagement  of  the  specialist,  but  the  stamping  out 
of  narrow-mindedness  and  of  ignorance  of  the  nature  of  the  scientifiic  spirit  and  of 
the  life-work  of  those  who  devote  their  lives  to  scientific  research.  The  specialist 
who  wishes  to  accomplish  work  of  the  highest  excellence  must  be  learned  in  the 
resources  of  science  and  have  constantly  in  mind  its  unity  and  its  grandeur. 
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The  followiDg  Papers  were  read: — 

1.  On  Elastic  Fatiguey  as  shown  hy  Metals  and  Woods, 
By  Professor  A.  Gray,  F,E,S,,  J.  S.  Dunlop,  and  A.  Wood. 


2.  The  Clearing  of  Turbid  Solutions,  cmd  the  Movement  of  Small  Sus- 
pended Particles  by  the  Ir^ktence  of  Light.  By  Professor  G.  Quinokb, 
of  Heidelberg. — See  Reports,  p.  60. 


3.  On  the  Relation  bettveen  Temperature  and  Internal  Viscosities  of  Solids* 
By  Professor  A.  Gray,  F.E.S. 


4.  Ifote  on  Hydrostatic  Pressure. 
By  W.  Bamsay,  F.R.S.,  and  G.  Sentbr,  B.Sc. 

The  problem  of  hydrostatic  pressure  has  usually  been  treated  as  if  the 
liquid,  in  which  the  floating  solid  is  immersed,  were  a  continuum.  According 
to  the  molecidar  theory,  however,  all  liquids  must  be  regarded  as  conaistinff  of 
discrete  particles,  moving  among  each  other  ireelv.  Accepting  this  view,  hvdro- 
static  pressure  must  be  attributed  to  the  bombardunent  of  the  immersed  lx>ay  by 
molecules,  or  perhaps  by  congeries  of  molecules ;  and  the  kinetic  energv  of  the 
molecules  must  be  capable  of  transmission  from  those  parts  of  the  fluid  which  are 
not  in  contact  with  tne  solid  to  those  which  are  in  contact,  in  such  a  manner  that 
the  lower  portions  of  the  immersed  solid  are  exposed  to  greater  pressure  than  the 
upper,  due  to  the  kinetic  energy  of  all  portions  of  fluid  at  a  higher  level  than  the 
lower  portions,  and  at  a  lower  level  tlum  the  upper  portions. 

Picton  and  Linder,  working  in  the  laboratory  of  University  College,  showed 
that  colloidal  solutions  can  be  prepared  of  various  degrees  of  fineness  of  the  sus- 
pended particles;  some  solutions  were  prepared  in  which  the  particles  were 
distinctly  visible  with  high  microscopic  magnification,  while  others  contained 
particles  in  such  a  minute  state  of  subdivision  that  even  under  the  highest  power 
of  a  microscope,  the  colloidal  solution  appeared  homogeneous,  and  the  particles 
were  too  fine  to  polarise  a  beam  of  light  by  reflection.  Between  these  two 
extremes  intermediate  grades  were  successfully  made;  while  the  particles  of 
solid  in  such  'solutions'  as  contained  visible  solid  were  in  rapid  pedetic 
(Brownian)  motion,  a  particular  grade  of  'solution'  was  prepared,  in  which, 
altiiou^h  the  particles  were  too  small  to  be  visible,  they  revealed  their  presence  by 
poluisinff  light ;  and  imder  the  microscope  an  appearance  of  confused  motion 
impressed  it^lf  on  the  eye ;  it  seemed  as  though  the  particles  were  in  such  rapid 
motion  that  they  did  not  stay  in  focus  long  enough  to  create  a  permanent  visual 
impression. 

The  questions  arose :  do  such  particles  ][>roduce  hydrostatic  pressure  P  is  that 
pressure  equal  to  the  theoretical  pressure  which  woula  be  produced  by  a  solution 
of  the  same  density  P  at  what  stage  of  subdivision  of  the  solid  does  such  hydro- 
static pressure  become  apparent  P 

An  attempt  has  been  made  to  answer  the  first  two  of  these  questions,  and  with 
fair  success.  The  investigation  will  be  continued  in  the  hope  ot  finding  an  answer 
to  the  third  <]^uestion. 

The  colloidal  solution  selected  was  one  of  arsenious  sulphide  in  pure  water. 
Such  a  solution  is  easUy  prepared  by  ptassing  a  current  of  sulphuretted  hydrogen 
through  an  aqueous  solution  of  arsenious  acid  to  saturation,  and  then  expelhng 
excess  of  hydrogen  sulphide  by  a  current  of  hydrogen  for  several  hours.  The 
density  of  such  a  solution  was  determined  in  two  ways:  first  by  means  of  a 
Spreoiffel's  pyknometer ;  and  second  by  weighing  in  the  solution  a  large  cylinder  of 
^Mss  (65  c.c),  wdghted  with  mercur^r^  so  as  to  make  it  sink.  Corrections  were 
introduced  for  redaction  to  weighing  in  vacuo,  and  for  temperature. 
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Before  commencing  operations  with  the  colloidal  aolotion,  expeirimeBtt  were 
made  with  a  solution  of  barium  chloride,  so  as  to  obtain  a  check  on  the  results ; 
the  agreement  is  satisfactory. 


II. 


T 
19-4° 
19^ 
20-67° 
20-67° 


Hydrostatic 
method 

102677 
1-02928 


T 
20° 
20^ 
20-47° 
20-47° 


Pyknometer 

102681  \^.^„  ..o^Mst 
1-02685 /"'•*"•  ^^••^ 
1-02931 
1-02930 


The  difference  in  the  first  case  is  6  in  102,000 ;  and  in  the  second,  2  or  3  in 
100,000. 

With  colloidal  solution  of  arsenious  sulphide,  the  data  were : — 


1. 

IL 

HI. 

IV. 


T 

Hjdrostfttic 

T 

Pykno- 

method 

meter 

21-2° 
21*2° 

101187 

21-2° 
21-2° 

1-01192 
1*01198 

20-7° 

1-02323 

20-7° 

1-02330 

20-7° 

20-7^ 

102329 

20-76° 
20-76° 

1-02272 

20-67° 
20-67° 

1-02276 
102277 

20-80° 

1*01129 

20-80° 

1-01136 

20-80° 

20-80° 

1-01134 

000005 
0-00006 
000006 
000005 


The  solution  IV.  was  prepared  by  diluting  II L  ;  the  others  were  all  specially 
prepared ;  they  contained  arsenious  sulphide  of  such  a  degree  of  subdivision  that 
the  particles  polarised  light,  but  were  inyisible  under  a  magnification  of  1,000 
diameters. 

The  influence  of  error  in  weighing  is  such  that  an  error  of  1  mgr.  in  the  weight 
of  the  body  in  air  or  in  solution  womd  have  caused  an  error  of  2  units  in  the  fifth 
decimal  ^ace :  and  1°  in  reading  temperature  would  have  made  an  error  of  the 
same  magnitude. 

It  will  be  noticed  that  the  apparent  density  with  the  pvknometer  always 
exceeds  that  with  the  float  by  3  to  6  units  in  the  fifth  place  of  decimals ;  i^,,  by 
3  to  6  parts  in  100,000.  It  is  probable  that  this  is  due  to  some  unapplied  correc* 
lion ;  but  it  is  not  easy  to  allow  for  it.  It  may,  we  think,  be  taken  as  proved 
that  colloidal  arsenious  sulphide  of  the  state  of  subdivision  used,  exerts  nydro* 
static  pressure  as  if  it  were  a  liquid ;  at  any  rate,  it  behaves  as  if  it  were  in  true 
solution  like  barium  chloride. 

It  has  long  been  the  custom  to  determine  the  density  of  milk,  which  contains 
suspended  fat  globules,  by  means  of  a  lactometer,  which  involves  a  hydrostatic 
method.    The  experiments  cited  show  that  this  custom  is  justifiable. 


5.  The  Freeing  Points  of  certain  Dilute  JSoluHona* 
By  E.  H.  Griffiths,  F,R.S. 


6.  Tlie  Buildings  of  the  National  Physical  Laboratory, 
By  Dr.  R.  T.  Glazkbrook,  F.B,S, 


FRIDAY,  SEPTEMBER  13. 
The  Section  was  divided  into  two  Bepajrtmeftts. 
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Department  I. — Phtsics. 
The  following  E^Kurt  and  Papers  were  read:— 

1.  Be/port  on  Electrical  Standards. — See  Reports,  p.  31. 


2.  Ifote  on  a  Compariaon  of  the  Deposits  in  Silver  Vohameters  %oitk 
different  Solvents.    By  S.  Skinnbb,  M,A. — See  Beporta,  p.  32. 


3.  The  Dischar^  of  Electricity  through  Mercwry  Vapour. 
By  Arthur  Sohubter,  F.B,S. 

The  experimental  inTestigation  of  the  paesage  of  electricity  throuffh  mercury 
vapour  is  of  interest  on  account  of  the  metallic  nature  of  the  element,  the 
monatomic  character  of  the  vapour,  and  the  puritj  with  which  it  can  be 
obtained.  Previous  results  of  the  author  had  led  to  the  conclusion  that  the 
discharge  of  electricity  through  mercury  vapour  differed  fundamentally  &om  that 
taking  place  through  other  gases,  but  these  results  have  been  called  in  question  by 
other  experimenters. 

The  work  now  described  has  extended  over  two  years,  but  did  not  lead  to 
results  which  may  be  said  to  be  decisive  on  the  account  of  the  extreme  difficulty 
of  excluding  smidl  traces  of  moisture.  Though  the  mercury  vapour  experimented 
upon  no  doubt  was  much  purer  than  that  obtained  bv  any  previous  observers,  it 
was  not  absolutely  free  from  some  other  gas,  which,  prooably,  was  aqueous 
vapour.  The  width  of  the  well-known  dark  space  round  the  kathode  observed 
was  ten  times  larger  than  in  ur.  This  dark  space,  however,  may  possibly  be  due 
to  the  small  remnant  of  impurity  which,  as  has  been  pointed  out,  could  not  be 
excluded. 


4.  Sur  les  Effets  niagn^iqvs  de  la  Convection  ^lectrique. 
Par  Dr.  V.  Cr^mieu. 


6.  Photoelectric  Cells.    By  Professor  G*  M»  Mrt^CHiir,  M.A.,  F.B.S. 

During  the  past  summer  I  have  been  engaged  on  the  study  of  the  photoelectric 
cells  with  whicn  I  had  measured  the  voltage  produced  by  the  light  of  the  stars. 
The  object  of  this  investigation  was  to  discover  whether  the  life  of  a  cell  could  be 
in  any  way  prolonged  or  not,  and  also  to  find  the  best  liquid  that  could  be 
em^yed. 

In  these  cells  the  surface,  which  is  senfiitive  to  light,  is  a  thin  layer  of  selenium 
smread  on  the  end  of  an  aluminium  wire,  the  selenium  layer  being  heated  gradually 
after  it  has  been  spread  as  a  black  viscous  liquid  on  the  end  of  the  wire  imtil  it 
assumes  the  browiiish  grey  colour  which  characterises  the  state  in  which  it  is 
sensitive  to  light.  The  aluminium  wire  is  contained  in  a  glass  tube,  which  the 
wire  should  so  completely  fit  as  to  prevent  the  ascent  of  a  Uquid  into  the  tube — 
a  condition  which  it  is  impoedble  to  fulfil,  as  the  aluminiimi  wire  cannot  be 
sealed  into  a  glass  tube.  It  is  essential  for  complete  success  that  only  the 
selenium  layer  on  the  end  of  the  wire  should  come  mto  contact  with  the  liquid. 
Let  us  imagine  two  such  selenium-coated  aluminium  wires  immersed  in  a  small 
glass  tube  containing  a  liquid,  one  of  the  wires  being  completely  serened  from 
nght,  while  the  selenium  on  the  end  of  the  other  can  be  exposed  to  light.  In  the 
dark  there  should  be  no  voltage  exhibited  by  this  cell  when  its  two  wires  are 
connected  with  an  electrometer.  If  the  wire  to  be  exposed  is  left  completely 
naked — 1,«.,  in  free  contact  with  the  surrounding  liquid — no  voltage  (or  almost 
none)  will  be  developed  when  its  selenium  end  is  exposed  to  light.  Tins  result  is 
undoubtedly  due  to  ehort-circuiting  in  the  cell  itself  when  the  light  acts ;  but  if 
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this  wire  is  surrounded  by  a  tightly  fitting  glass  tube  a  very  great  Toltage  is 
produced  by  light. 

The  accompanying  figure  represents  the  two  aluminium  wires,  A  and  B,  con- 
tained in  a  cork  which  fits  tightly  into  a  glass  cell,  C,  containing  a  liquid ;  the 
wires  are  each  contained  in  a  tightly  fitting  glass  tube  and  are  connected  with  the 
poles  of  a  quadrant  electrometer,  K.  The  ends  of  the  wires  are  exactly  flush  with 
the  ends  of  the  glass  tubes,  which  dip  into  the  liauid,  and  these  ends  are  coated 
with  the  selenium  layers.  We  shall  suppose  that  me  wire  B  is  screened  from  the 
incident  light'L.  Each  aluminium  wire  is  about  f  mm.  or  ^  mm.  thick,  nothing 
depending  on  the  diameter  of  the  wire — i.e,,  on  the  area  of  tne  sensitiTe  selenium 
surface— provided  that  the  whole  of  this  sur&ce  is  illuminated  by  the  incident  light. 

Now  the  question  will  naturally  occur.  Why  do  we  use  aluminium  and  not 
some  other  metal,  e,ff,,  platinum,  as  the  base  for  the  selenium  P  The^answer  is  that 
many  other  metals  have  been  tried,  and  none  of  them  gives  results  approaching 
those  given  by  aluminium.  Platinum  develops  only  about  half  the  volta^  which, 
under  the  same  circumstances,  will  be  given  b^  aJuminium.  Metals  with  which 
selenium  combines  readDjr  are  useless:  copper,  silver,  and  tin  are  very  poor.  Now 
as  regards  the  liquids  which  are  most  efiective,  I  have  found  the  following  to  be 
extremely  good:  oenanthol,  acetone,  succinate  of  ethyl,  malonic  ether,  methyl- 


hexylketone,  ethyl  and  methyl  benzoate,  methyl  carbonate,  lactic  add,  lactate  of 
etiiyl,  and  lactate  of  methyl. 

Cyanide  of  ethyl  is  somewhat  effective ;  but  such  liquids  as  anisol,  mustard  <m1, 
ethyl  acetate,  valerate  of  ethyl,  and  valerate  of  methyl  are  not  sensitive  at  all. 

Within  the  last  few  weeks,  however,  I  discovered  a  fact  which  will  certainly 
modify  some  of  my  statements  about  the  want  of  sensitiveness  of  liquids — ^tiie  fact, 
namely,  that  nearly  all  of  the  little  ^lass  tubes  which  surrounded  the  aluminium 
wires,  and  on  which  I  had  relied  for  insulating  these  wires  from  the  liquid,  were 
very  good  conductors  I  I  found  that  if  the  electrometer  was  charged  by  a  Banidl 
cell,  which  was  then  withdrawn,  so  that  the  poles  of  the  electrometer  were 
insulated,  one  of  my  glass  tubes  laid  across  from  one  pole  to  the  other  rapidly 
discharged  the  electrometer ;  and  drying  the  glass  tube  did  not  much  improve  its 
insulation.  As  a  result  of  this,  I  have  recently  used  a  compound  glass  tube — 
one  tube  inside  another  with  a  layer  of  air  between  them,  except  at  a  common 
extremity  where  they  are  sealed  together,  thus : 

The  inner  tube  is  P,  sealed  to  the  outer,  QQ, 

Q      at  the  end  S,  where  the  selenium  surfiu^e  of  the 

S  .,.v^  .  r:  P  wire  contained  in  the  inner  tube  comes  into 

Q      contact  with  the  liquid. 

Except  in  the  neighbourhood  of  S,  this 
interposes  a  layer  of  air  between  the  tube  P  and  the  liquid,  and  the  result  is  a 
great  improvement 

A  more  eflfective  way  still  is  to  coat  the  aluminium  wire  with  an  insulating 
yamish ;  but  thb  varnish  must  be  such  as  not  to  be  dissolved  by  the  liquid  whkm 
we  employ. 

I  am  now  engaged  on  this  part  of  the  problem,  and  it  is  mainly  this  whidi  has 
compelled  me  to  dday  the  star  measurements  which  I  was  to  have  resumed  at  Sir 
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Robert  Ball's  obaeryatory  at  Cambridge  io  oontinuation  of  the  results  which  the 
late  Professor  FiuGerald,  Mr.  W.  £.  Wilson,  and  I  obtained  in  Mr.  Wilson's 
observatory  in  Westmeath. 

It  is  desirable  that  I  should  give  a  notion  of  the  magnitudes  of  the  Toltagea 
developed  in  these  cells  by  lights  of  various  intehsities. 

(1)  An  ordinary  parafi&n  candle,  held  at  a  distance  of  2  feet  from  a  cell  in 
which  the  liquid  was  malonic  ether,  was  found  to  give  slightly  more  than  *25  of 
a  volt. 

(2)  For  email  intensities  of  the  incident  light  the  voltage  will  be  proj^rtional 
to  the  square  root  of  the  intensity ;  that  is  to  say,  the  voltage  vanes  inversely 
as  the  distance  of  the  luminous  source  from  the  cell. 

(3)  A  paraffin  candle,  at  a  distance  of  8  feet  Arom  the  cell,  gives  a  voltage 
almost  exactly  equal  to  that  given  by  the  light  of  Vega  when  this  is  concentrated 
by  a  reflecting  telescope  whose  aperture  is  2  feet. 

(4)  For  strong  lignts  the  law  that  the  square  of  the  voltage  developed  in  the 
cell  is  proportional  to  the  intensity  of  the  incident  light  does  not  hold,  as  is  shown 
by  the  Tollowing  observation  recently  made : — 

Boom  darkened  and  cell  in  the  dark,  except  that  the  light  of  the  paraffin  lamp 
of  the  electrometer  was,  to  some  extent,  reflected  from  the  walls  of  the  room :  this 
very  feeble  light  gave  a  deflection  of  11  divisions  on  the  scale.  One  candle  held  at 
2  feet  from  the  cell  gave  (not  allowing  for  the  above  II  divisions)  76  divisions. 
Two  candles  held  close  together  at  2  feet  from  cell  gave  (not  allowing  for  the 
11  divisions)  99  divisions.    (One  volt  was  represented  by  275  divisions.) 

Let  i  be  the  energy  incident  on  the  sensitive  plate  when  nothing  but  the 
reflected  lamplight  falls  on  it ;  let  I  be  the  incident  energy  due  to  one  candle  at 
2  fSeety  and  I'  that  due  to  two  candles  at  2  feet ;  then  we  have 

I  +  i«*x76« 

These  give 

I'    99«-ll«    .-, 

but  V  should  be  21,  so  that  the  law  cannot  hold.  Indeed,  difiused  daylight  itself 
develops  only  about  *5  volt  in  the  cell. 

These  ceUs  are  sensitive  to  all  parts  of  the  spectrum,  the  voltage  developed 
by  the  yellow  being  slightly  greater  than  that  due  to  the  other  parts. 

As  to  the  nature  oi  the  action  of  light  in  a  selenium  cell,  I  may  quote  the 
following  interesting  experiment  which  was  made  by  Mr.  Shdlford  fiidwell,  and 
communicated  to  me  in  a  letter  recently. 

Mr.  Bidwell  took  a  jdece  of  platinum  foil  and  coated  it  by  electrolysis  with  « 
very  thin  layer  of  selemum  by  making  it  the  cathode  in  a  solution  of  selenious 
oxide,  or  of  Be  dissolved  in  HNO,.  Ine  platinum  foil,  thus  covered  with  red  Se^ 
was  gradually  heated  on  a  brass  plate  ana  thus  brought  into  the  well-known  con* 
dition  in  which  it  is  sensitive  to  bght. 

When  this  coated  strip  was  immersed  in  a  beaker  of  tap  water  in  presence  of  a 
clean  platinum  strip,  there  was  little  (if  any)  voltage  m  the  dark ;  but  when 
difl^ised  daylight  was  allowed  to  fall  t>n  the  coated  strip  a  voltage  of  *101  was 
developed.  (This  was  very  much  less  than  the  voltage  which  would  have  been 
developed  in  the  cells  which  I  have  just  described ;  but  the  reasons  for  this  are 
obvious.) 

In  this  cell,  as  in  all  other  forms  of  selemum  cells,  the  selenium  plate  was  to 
the  inaetive  plate  as  copper  to  zinc,  and  from  this  Mr.  Bidwell  concludes  that, 
just  as  Zn  tends  to  comoine  with  oxygen  in  H^O,  so  Se  in  the  light  tends  to 
combine  with  hydrogen  and  form  H^. 

In  order  to  test  uds,  Mr.  Bidwell  took  two  small  test  tubes,  and  into  each  he 
put  some  acetone  and  a  strip  of  platinum  coated  vrith  selenium ;  each  tube  was 
closed  by  a  yaselined  cork,  and  from  each  cork  was  suspended  in  the  tube  a  cWas 
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atrip  of  alrer.  One  of  tlieee  tubes  was  put  into  a  box  in  a  dark  room^  and  the 
other  was  expoeed  to.light  in  a  conservatoiV.  Here  they  were  left  for  fiye  jears— 
forgotten,  I  presume — and  when  examined  at  the  end  of  that  time  it  was  found 
that  the  silyer  strip  in  the  tube  ex]^06ed  in  the  conservatory  was  very  much 
blackened,  while  that  in  the  tube  kept  in  the  dark  was  scarcely  disoobuxed  at  all. 


6.  On  the  Necessity  J(yr  Postulating  an  Ether,    B.  Hopkinson. 

The  difference  between  those  who  say  that  there  must  be  a  medium  to  transmit 
ffravitation  and  those  who  deny  its  necessity  is  a  purely  metaphysical  one.  All  the 
facts  of  grantation  can  be  dMcribed  or  expressed  without  any  reference  to  a 
medium.  In  like  manner  it  would  appear  so  far  as  terrestrial  phenomena  go  that 
the  facts  of  light  transmission  can  be  so  described,  in  which  case  the  necessity  c^  an 
ether  for  conveying  light  is  again  purely  metaphysical.  We  may  say  that  a 
luminous  body  A.  causes  a  disturbance  at  I^  in  its  neighbourhood ;  the  disturbance 
is  properly  represented  by  a  vector  at  right  angles  to  the  line  joining  A  to  P,  and 

its  amount  is  -^^ — K  where  ^  is  the  time,  r  the  distance  AP,  and  V  a  velo- 
city. Aberration  is  expressed  by  saying  that  if  A  be  in  motion  relative  to  P,  in  a 
direction  at  right  angles  to  AP,  the  disturbance  experienced  at  P  b  the  same  as 
that  which  would  be  produced  by  a  similar  luminous  body  at  A'  at  rest  relative  to 
P,  where  ^  -  veloci^jpf  A  ^^  ^^,  j^  ^  ^j^^  direction  of  motion  of  A.  Thwre 

is  here  no  mention  at  all  of  a  medium,  but  a  complete  account  is  given  of  the 

cardinal  optical  phenomena. 

This  mode  of  expressing  the  facts,  however,  fails  to  cover  the  phenomena  of 

spectroscopic  double  stars.    The  periodic  doubUng  of  lines  in  their  spectra  shows 

these  stars  (apparently  single  as  seen  in  a  telescope)  to  consist  of  two  components 

moving  one  about  the  other  with  an  orbital  velocity  which  can  be  computed  from 

the  displacement  of  the  lines.    When  the  two  components  are  in  the  line  joining 

the  star  to  the  earth,  there  is  no  doubling  of  the  lines,  but  one  component  is 

moving  to  the  riffht  and  the  other  to  the  left  with  this  orbital  velocity.    Now 

according  to  the  above-stated  expression  for  aberration,  or  any  expression  whkh 

only  involves  the  motion  of  source  and  receiver  relative  to  each  other,  the  two 

components  should,  when  in  the  line  of  mght,  be  apparently  separated  owing  to 

the  difference  of  their  motions  relative  to  the  earth.    The  angular  amount  of  the 

*  xi.    x_                    *           1 J  u            ^  J.     *^*ce  orbital  velocity 
separation  of  the  two  components  would  be  equal  to   — . J~%r-r — ^  an 

amount  sufficient  in  some  cases  to  be  visible  to  the  naked  eje.  The  star  would  in 
fact  appear  periodically  to  be  double,  the  doubling  occurrmg  alternately  with  the 
displacement  of  the  lines  in  the  spectroscope.  Since  no  such  doubling  takes  place 
we  infer  either  that  aberration  cannot  be  completely  expressed  m  terms  of 
relative  motion  of  source  and  receiver,  or  that  the  accepted  theory  of  these  stara 
is  wrong.  The  former  alternative,  which  seems  the  more  probable,  forces  one  to 
recognise  a  something  other  than  matter  to  which  the  motion  of  matter  can  be 
referred.  In  fact,  it  may  almost  be  said  that  in  this  way  the  ether  is  made 
maiufest  to  our  senses  as  having  position.  This  reason  for  postulating  an  ether 
differs  in  kind  from  the  metaphysical  reasons  usually  advanced)  it  may  be 
described  as  fumiriiing  a  logical  necessity  for  an  ether. 


7v  On  the  Change  of  Conductivity  of  MetaUie  Particles  under  Cyclic 
Electro-motive  Variation.  By  Professor  Jagadis  Chunder  Boss, 
M,A,,  D.Sc. 

(1)  Under  the  action  of  electric  radiation  the  conductivity  of  metalUe  par- 
ticles exhibits  variation.    In  the  positive  class,  like  iron,  there  is  an  inci^ase. 
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and  in  the  negative,  like  E,  &c,  a  diminution  of  conductiTity.  Each  dasB 
again  falls  into  two  sub-classes — (a)  sensitiye  substances  which  undergo  self- 
recoTery,  and  (b)  sensitive  substances  which  do  not.  In  the  case  of  self^recovering 
substances  ^e  conductivity  distortion  varies  with  the  intensity  of  radiation. 
Under  the  continued  action  of  radiation  the  distortion  attains  a  maximum, 
balanced  by  fbice  of  restitution,  and  on  the  cessation  of  radiation  there  is  an 
elastic  self-recovery. 

(2)  The  three  classes  of  substances,  positive,  negative,  and  neutral,  may  be 
distmguished  by  their  peculiar  characteristic  curves. 

(3)  The  chfljige  produced  in  the  sen^tive  substance  by  the  action  of  radiation 
Is  not,  normally  speaking,  chemical. 

(4)  The  conductivity  change  is  produced,  not  only  by  very  rapid,  but  also  by, 
comparatively  slow  electric  variation.  Generally  speaking,  all  the  conductivity 
variation  effects  produced  by  electric  radiation  can  be  reproduced  by  compara* 
tively  slow  cyclic  electro-motive  variation. 

(5)  Electric  conduction  in  metallic  particles  sensitive  to  electric  radiation  does 
not  obey  Ohm's  law.  The  conductivity  is  not  constant  and  independent  of  the 
electro-motive  force,  but  varies  with  it.  In  the  positive  class  the  characteristic 
curve — in  which  the  ordinates  represent  the  currents,  and  the  absdasso  the 
electro-motive  force — is  concave  to  the  axis  of  the  current.  The  conductivity 
increases  continuoicsly  with  increasing  electro-motive  force.  The  variation  of 
conductivity  in  the  lower  portion  of  the  curve  is  small,  but  increases  with  great 
rapidity  in  the  upper  portion. 

(6)  The  curve  obtained  with  strong  is  steeper  than  that  with  feeble  initial 
current. 

(7)  There  is  found,  eepeciallv  when  the  initial  current  is  feeble,  a  critical 
electro-motive  force,  at  which  the  conductivity  change  becomes  so  rapid  as  to 
produce  an  almost  abrupt  bend  in  the  curve.  Stronger  initial  current  appears, 
not  only  to  lower  the  critical  point,  but  also  to  mitigate  the  abruptness  of  this 
change. 

(8)  The  effect  of  electro-motive  force  in  modifying  the  conductivity  of  the 
conducting  layer  is  well  seen  in  self-recovering  substances.  There  is  a  definite 
conductivity  corresponding  to  a  definite  electro-motive  force.  As  the  electro- 
motive force  is  increased,  the  sensitive  molecular  layer  is  strained,  and  a  definite 
increase  of  conductivity  produced.  When  the  increased  stress  is  removed  the 
corresponding  strain  also  disappears,  and  there  is  an  elastic  recovery  of  its  former 
molecular  and  conductive  state.  Hence  when  it  is  carried  through  a  complete 
cycle  of  electro-modve  variation,  with  moderate  speed,  the  forward  and  return 
curves  coincide,  and  the  substance  remains,  at  the  end  of  the  cyde,  in  its  original 
molecular  condition. 

(9)  This  is  the  case  where  there  is  complete  recovery  on  the  removal  of  the 
stress.  With  non-recovering  substances  we  find  an  outstanding  residual  effect. 
In  a  curve  taken  with  cyclic  electro-motive  variation  the  forward  and  return 
curves  do  not  coincide,  but  enclose  an  area.  There  is  a  hysteresis.  The  larger 
the  range  of  the  electro-motive  variation,  the  greater  is  the  area  enclosed. 
There  is  a  residuid  conductivity  variation  at  the  end  of  the  cycle  which  may  be 
dissipated  by  vibration. 


FRIDAY,  SEPTEMBER  18. 

Department  II. — ^Astbonomy. 
Chairman:  Professor  H.  H.  Turner,  D.fib.,  F.R,S. 
The  Chairman  delivered  the  following  Address : — 

It  was  hoped,  as  you  are  doubtless  all  aware,  that  this  Chair  would  be  taken 
by  the  Astronomer  Ro^al  for  Scotland,  Dr.  Copeland ;  but  unfortunately  illness 
has  prevented  him  coming  to  the  Meeting.    In  doing  what  I  can  to  fiU  his  place 
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at  very  short  notice,  I  shall  not  attempt,  nor  would  you  expect,  a  formal  address 
such  as  we  hoped  to  hear  from  him ;  but  I  will  venture  to  put  before  you  one 
or  two  reflections  on  a  topic  which  has  been  much  before  my  attention  during  the 
last  few  years  because  directly  coi\nected  with  my  own  work,  and  which  has  a 
special  interest  for  us  from  the  allusions  made  to  it  yesterday  morning  by  the 
president  of  our  Section,  viz.,  the  question  of  scientific  co-operation.  It  is  a 
matter  cf  considerable  importance  to  astronomers,  who  have  to  deal  with 
numeroua  obser^'ations  and  calculations ;  indeed,  the  millions  and  billions  which 
express  the  distances,  sizes,  or  ages  of  the  heavenly  bodies,  and  which  are  used 
to  such  good  purpose  by  some  lecturers  for  startling  the  imaginations  of  their 
audiences,  scarcely  surpass  the  numbers  which  must  be  used  to  express  the  work 
to  be  done  by  an  astronomer.  The  enterprise  on  which  we  are  engaged  at  the 
Oxford  University  Observatory  at  the  present  moment  is  the  measurement  of  a 
quarter  of  a  milbon  star-places,  which  will  take  us  about  seven  years ;  and  we 
are  only  one  of  eighteen  observatories  co-operating  in  a  scheme  of  work.  The 
product  of  eighteen  by  a  quarter  of  a  million  does  not  brings  us  near  the 
billions;  but  if  we  are  minded  to  produce  big  numbers  we  might  remember 
that  in  the  determination  of  each  individual  star^place  a  good  many  figures 
are  required.  At  Oxford  we  try  to  keep  the  number  to  the  irroduciblb  minimum, 
but  it  certainly  exceeds  thirty  even  there;  while  at  other  observatories  it 
reaches  800  or  400.  Thus  we  can  with  ease  secure  a  creditable  position  in  the 
thousands  of  millions  in  respect  of  this  one  piece  of  work,  and  the  lapse  of  a  century 
or  two  is  all  that  is  necessary  to  produce  billions  of  figures  in  the  ordinary  course 
of  astronomical  observation.  It  is  clear  that  in  such  work  co-operation  is  an  all* 
important  factor,  and  the  study  of  the  best  means  for  securing  it  and  for  using  it 
when  secured  may  well  claim  a  share  of  our  attention. 

I  may  pause  for  a  moment  to  consider  the  possibility  that  our  experience  may 
be  of  value  to  the  devotees  of  other  sciences.  '  Other  sciences,'  said  Major  Mac- 
Mahon  ^resterdav, '  are  not  so  favourably  circumstanced  as  is  Astronomy  for  work 
of  a  similar  kina  undertaken  in  a  dmilar  spirit.'  But  what  mav  be  true  to-day 
may  not  be  true  to-morrow.  It  was  not  astronomers,  but  mathematicians,  who 
first  showed  the  value  of  a  certain  kind  of  co-operation.  Major  MacMahon 
reminded  us  that  the  Spitalfields  weavers  founded  a  mathematical  society  in  1717« 
and  thus  anticipated  by  more  than  a  century  the  formation  of  the  Astronomical 
Society  in  1821,  which  ultimately  absorbed  its  prototype.  Possibly  in  the  future 
mathematicians  will  find  the  need  of  co-operation  of  this  other  kind,  which  consists 
in  sharing  a  great  piece  of  work  among  several  workers  for  the  sake  of  comfort  and 
rapidity,  and  so  may  profit  by  our  example,  as  we  formerly  profited  by  that  oC 
the  Spitalfields  weavers.  And  there  are  indications  that  in  another*  science, 
that  of  Zoology,  the  time  may  be  dose  at  hand  when  co-operation  between 
workers,  of  a  type  very  similar  to  that  in  full  swing  in  Astronomy,  will  be  a 
boon,  if  not  a  necessity.  Professor  Earl  Pearson,  Professor  Weldon,  and  others 
are  introducing  into  zoology  numerical  operations  on  a  large  scale,  whidi 
promise  further  and  further  increase ;  and  they  would  no  doubt  be  ready  to 
indicate  even  now  enterprises  of  a  valuable^  kind  which  they  are  only  deterred 
from  undertaking  by  their  magnitude,  and  which  a  suitable  scheme  of  co-operation 
might  brinff  within  the  range  of  practical  politics.  Hence  we  should  look  to  our 
methods  of  work  in  Astronomy  with  the  responsibility  attaching  to  those  who  are 
leading  where  others  may  follow ;  and  above  all  things  take  care  to  make  dear 
any  mistakes  we  have  made,  so  that  others  may  perhaps  profit  bv  our  experience. 

If  it  seems  invidious  thus  to  emphasise  our  mistakes,  I  would  remind  you  that 
astronomical  co-operation  has  not  always  been  successful ;  indeed,  it  has  very 
often  ended  in  fiulure.  I  do  not  mean  simply  failure  to  attain  its  object.  The 
bond  of  astronomers  who  divided  the  sky  between  them  at  the  end  of  the  eighteenth 
century  to  look  for  a  minor  planet  met  with  this  kind  of  failure,  for  the  first  dis- 
covery fdl  by  the  ironv  of  Fate  to  another,  who  was  not  engaged  in  any  special 
search  of  the  kind.  This  unluclnr  accident  must  not,  however,  make  us  forget  that 
the  co-operators  worked  diligently  side  by  side  for  several  years.  Failure  of  a 
more  real  kind  has  overtaken  enterprbes  to  chart  the  stars  or  to  map  the  Moon, 
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Which  have  proceecfed  yery  little  further  than  the  preiiminary  organisation.  Some 
woricers  have  dropped  out  earlj  in  the  history  of  tne  scheme,  some  hare  not  eren 
started,  and  the  blanks  have  not  been  filled  up ;  sooner  or  later — generally  sooner — 
the  scheme  has  been  abandoned.  The  curious  may  read  of  some  of  these  schemes  in 
back  numbers  of  the  *  Monthly  Notices/  though  some  of  them  never  got  into  print, 
and  are  only  to  be  traced  in  tiie  Minutes  of  the  Royal  Astronomical  Society.  And 
yet  of  many  of  them,  if  not  all,  it  may  safely  be  said  that  a  little  moro  energy  on  the 
part  of  somebody  would  have  produced  an  assured  success ;  somebody  to  see  that 
the  gape  were  filled  up,  and  dilatory  workers  hastened  or  superseded ;  somebody  to 
be  a  sort  of  foreman  of  the  works.  It  does  not  seem  unlikely  that  this  general 
supervision  is  best  performed  by  one  not  actually  engaged  in  the  work  himself— a 
nian  of  afiairs.  One  of  our  great  London  schoolmasters  declares  that  a  nominally 
idle  man  should  be  at  the  head  of  all  enterprises ;  that  he  never  knew  any  good 
come  of  any  work  where  there  was  not '  a  man  with  his  hands  in  his  podcets 
looking  amr  it.'  We  have  scarcely  found  this  to  be  a  necessity  in  Astronomy  ^ 
for  the  men  who  have  looked  after  the  eighteen  observatories,  taking  part  in  the 
Astrographic  Chart,  have  been  Directors  of  the  Paris  Observatoiy — men  with  many 
things  to  claim  their  attention.  To  the  individual  energy  of  the  late  Admiral 
Mouchez  and  his  successors  the  work  owes  a  great  deal.  It  fell  to  their  lot  to 
overcome  the  difficulties  I  have  indicated ;  to  undertake  the  voluminous  corre^ 
spondence  necessary  at  the  start ;  and  to  fill  up  gaps  in  the  ranks  of  workers. 
iLast  July  it  was  found  that  of  the  eighteen  observatories  which  had  promised  to 
take  part,  three  had  made  no  start ;  and  M.  Loewy  forthwith  superseded  them  and 
found  three  others.  Thus  the  risk  of  incompleteness  has  been  removed ;  and  we  may 
hope  that  one  danger  which  threatens  such  schemes  has  been  successfully  averted. 

But  the  removfd  of  this  danger  draws  our  attention  inmiediately  to  another — 
that  of  takinf^  far  too  long  in  finishing  the  work.  The  project  for  making  the 
Chart  was  originally  discussed  fourteen  years  ago,  in  1887 ;  and  it  was  urged  by 
many  of  those  then  present  that  a  reasonable  time,  say  ten  years,  should  m  fixed 
for  the  completion  of  the  whole.  In  spite  of  the  representations  of  this  prudent 
minority,  the  programme  was  made  an  ambitious  instead  of  a  modest  one,  and 
some  stretching  has  been  done  since,  with  the  result  that  after  fourteen  years  only 
one  or  two  observatories  are  within  sight  of  the  goal,  the  majority  seeing  from  ten 
to  twenty  years*  work  ahead  of  them ;  and,  as  above  remarked,  there  are  three 
-which  have  not  yet  started.  With  this  experience  we  may  well  ask  whether  the 
limit  proposed  even  by  the  prudent  minority  was  not  too  high ;  and  whether  it 
would  not  be  well  to  fix  five  years  as  a  limit  to  any  scheme  of  co-operation  which 
is Myet  on  paper  only. 

The  danger  of  attempting  too  much  is  illustrated  in  a  somewhat  different  way 
by  the  Eros  campaign.  It  will  be  clear  from  what  has  been  already  said  that 
the  eighteen  observatories  responsible  for  the  Chart  have  their  hands  quite  full ; 
and  now  comes  a  special  occasion — an  opportunity  that  will  not  occur  again  for 
thirty  years — to  determine  the  Solar  parallax.  Last  winter  the  newly-discovered 
planet  Eros  was  known  to  be  coming  close  to  us,  and  we  had  an  occasion  of  more 
yalue  than  the  Transits  of  Venus.  What  were  the  eighteen  observatories  to  do  f 
They  could  not  at  any  rate  refuse  to  take  photographs,  and'  this  has  been  done ; 
even  this  meant  a  ^^eat  deal  of  additional  work  ^r  some  people  for  a  few  months ; 
but  it  is  a  mere  trifle  compared  with  the  work  that  is  still  to  come  in  measuring 
and  reducing  the  plates,  which  vrill  be  a  sensible  fraction  of  the  work  already 
projected  for  the  Chart.  Which  is  to  be  done  first  P  Prudence  suggests 
finishing  one  enterprise  before  beginning  another,  putting  aside  the  Eros  plates 
until  the  Chart  work  is  finished.  On  the  other  hand  there  are  thirty  other  obeerva* 
tories  sharing  the  Eros  work  with  the  original  eighteen,  and  they  vrill  be  more  or 
less  impatient  for  our  results.  In  this  dilemma  some  rather  unsatisfactory 
compromise  will  no  doubt  be  adopted,  but  we  may  heave  another  sigh  that  the 
advice  of  the  prudent  mmority  in  1887  was  not  taken,  for  in  that  case  not  one 
or  two  but  many  of  the  eighteen  observatories  might  have  completed  the  Chart 
work  before  Eros  came. 

I  now  pass  to  a  different  kind  of  danger  to  which  cooperation  renders  us 
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liable.  To  secure  homogeneitj  in  the  work  it  is  neoessftry  to  bind  tbe  MftoriatSilg 
individuaJs  by  certain  rules,  and  we  run  some  risk  of  cbeoking  that  originality 
which  is  almost  vital  in  scientific  work.  There  is  scarcely  any  scientific  operadoa 
so  mechanical  that  it  may  be  safely  left  in  entire  chaise  of  those  without  originality 
and  the  liberty  to  use  it.  Quite  recently  a  scheme  of  co^ojperation  has  beea 
adopted  in  the  preparation  of  the  nautical  almanacs  of  the  dinerent  natioDS.  It 
is  thought  that  certain  calculations  to  be  performed  are  so  well  settled  that  inde- 
pendent calculation  is  a  needless  waste  of  labour,  and  thus  certain  sections  of,  sayi 
the  American  Nautical  Almanac  and  our  own  wiU  be  henceforth  identically  the 
same,  printed  from  the  same  manuscript  computations.  I  cannot  but  regard  th« 
project  with  some  alarm.  The  risks  against  which  we  are  guarded  by  ind^^dent 
computation  may  be  small,  but  I  cannot  belieTe  them  to  be  evaneecent,  and  I 
attach  some  value  to  the  healthy  stimulus  of  comparison  (or  we  may  perhaps  say 
competition)  even  for  nautical  almanacs.  Differences  revealed  by  suc^  oom- 
parlsons  in  the  past  have  often  been  traced  to  causes  which  were  by  no  meant 
obvious  or  unwc^thy  of  attention. 

But  without  laying  too  much  stress  on  this  case,  which  is  obviously  an 
extreme  one,  we  can,  I  think,  well  understand  how  the  taking  part  in  a  oo-overativv 
scheme  mav  lower  the  tone  of  scientific  work.  There  is  a  very  real  possioility  of 
replacing  the  alert  spirit  of  investigation  by  a  mere  mechanical  r^^ariW ;  nay, 
even  of  making  one  who  should  be  an  astronomer  into  a  mere  dru^e.  This  baa 
at  times  been  the  declared  method  of  great  astronomers  with  their  subordinates ; 
they  have  professed  themselves  quite  able  to  do  all  the  thinking  required,  aod 
looked  for  the  help,  not  of  intelligent  assistants,  but  of  mere  drudges.  This  was 
Pond's  view,  and  more  or  less  that  of  Airy  in  his  early  years  at  Greenwidi ;  and  I 
need  not  stop  to  point  out  the  errors  into  which  it  led  them,  and  from  which  we 
are  still  struggling  to  free  ourselves.  There  are,  I  am  happy  to  think,  few  who 
would  now  deliberately  advocate  it,  and  we  need  not  waste  wends  in  trving  U» 
convince  these.  But  if  we  acknowledge  the  crushing  out  of  intelligent  indepoid- 
ence  in  subordinates  to  be  a  mistake,  how  much  greater  is  the  evu  if  it  apreada 
through  thewholestaff  of  an  observatory,  including  the  Directed:  himself?  And  thia 
is  at  least  a  possible  result  of  co-operation.  We  can  only  too  easily  imagine  « 
scheme  of  work  in  which  the  rules  are  laid  down  so  completely  and  so  strin^pentlj 
by  the  ^  central  body  that  nothing  is  left  to  the  initiative  or  orimalitj 
of  the  individual  observatories;  and  the  Director  of  sudi  a  one  mjgnt  find 
himself  with  nothing  to  do  but  see  that  the  rules  were  adhered  to.  If  the 
work  were  at  the  same  time  planned  to  extend  over  a  period  of  ten  <»> 
twenty  years,  as  is  quite  possible  In  Astronomy,  we  can  well  undMstand 
that  his  efficiency  as  an  intelligent  scientific  worker  might  become 
seriously  affected.  We  must  not  shut  our  eyes  to  this  danger.  AstronoBiioal 
work  is  terribly  liable  to  settle  down  into  routine  as  we  all  know ;  and  the  exist- 
ence of  so  many  small  observatories  where  nothing  is  done  beyond  routine 
observations  with  the  transit  circle  is  not  a  credit  to  as.  It  is  reassuring  to  find 
that  many  of  them  are  ready  to  use  opportunities  which  present  themsalvea. 
For  instance,  when  the  Eros  work  was  planned,  fifty  observatories  re^Kmded  to 
the  call  for  volunteers.  But  is  there  not  even  here  another  point  of  view? 
What  were  all  these  observatories  doing  before,  that  they  are  able  to  readily  to 
take  up  a  new  project  P  Some  of  th^n  we  know  had  enough  on  hand  alnMy, 
and  only  added  the  Eros  work  with  reluctance;  but  it  is  to  be  feared  that  othm 
hailed  it  as  a  welcome  opportunity  to  do  some^iujg  of  some  use,  not  haviitf  been 
able  to  think  of  anything  for  themselves.  This  thinking  of  what  one's  work  is  to 
be  is,  of  course,  the  hardest  part  of  reeearch — devisinj^  something  to  do  tibat  ahall 
be  a  real  step  in  advance.  Some  fortunate  men  find  it  comparatively  aimplei  but 
to  the  majority  it  is  a  labour  and  toil,  and  only  through  much  tribulation  do  they 
enter  their  kingdom — their  own  domain  in  which  they  recognise  their  own  true 
work.  It  is  much  easier  for  such  to  turn  a^de  and  follow  some  king  who  has 
come  to  his  crown  more  easily ;  to  take  a  share  in  a  great  piece  of  work  oiig^ised 
by  some  master-mind.  But  is  not  this  a  serious  loss  to  them  and  to  acienoe  P 
May  not  schemes  of  co-operation  kill  the  originality  of  the  humbte  wwkerB  by 
removing  the  incentive  to  independent  thought  P 
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Here,  boweyer,  I  end,  for  the  present  at  any  rate,  my  list  of  the  risks  and 
dangers  which  co-operatkni  brings  in  its  train.  It  is  time  to  torn  to  the  other  and 
brighter  side  of  the  matter ;  for  there  is  a  brighter  side,  which  presents  itself, 
as  It  sho^d  to  experimental  philosophers,  when  we  come  to  practical  working 
as  opposed  to  forecasting ;  and  it  is  because  the  great  scheme  of  the  Astrographic 
Chart  iUostratee  viridly  both  the  dark  side  and  the  bright,  both  the  possiue  evils 
of  such  schemes  and  the  actual  benefits  which  may  replace  them  undtf  certain 
cireumstances,  that  I  have  ventured  to  select  it  so  often  fSor  reference  in  these 
remarks.  We  have  seen  how  it  has  escaped  the  premature  decease  which  has 
befallen  other  such  schemes,  owing  in  great  measure  to  the  energy  of  the  central 
authority.  The  mistake  of  attempting  too  much  is  unfortunately  now  irreme- 
diable in  this  particular  case ;  but  it  may  serve  as  a  warning  on  future  oocasions. 
It  remains  to  show  how  the  danger  of  crippling  individuality  has  been  averted  in 
an  unexpected,  almost  a  comical,  manner. 

At  the  outset  this  dimger  was  distinctly  threatening.  At  the  earlier  confer- 
ences there  was  manifest  anxiety,  chiefly  on  the  part  of  those  who  were  not  going 
to  do  the  work,  to  bind  down  the  workers  rather  stringently  by  ndes  of  procMure. 
Tie  anxiety  seemed  to  be  intensified  rather  than  diminished  by  the  circumstance 
that  it  was  not  very  clear  what  these  rules  ought  to  be.  Where  seva»l  courses 
were  open,  each  found  its  champion,  and  the  discussion  was  perhaps  most 
animated  in  the  cases  where  the  teaching  of  actual  experience  was  least 
available.  On  several  oceasi<ms  a  decision  was  only  arrived  at  by  an  expedient 
which  seems  to  be  familiar  in  Continental  meetmgs,  but  is  little  known  in 
England;  perhaps  it  deserves  a  wider  recognition.  When  formal  discussion 
waxes  warm,  the  President  declares  the  meeting  dissolved,  for  ten  minutes 
of  informal  conversation.  The  meeting  forthwith  breaks  up  into  animated 
knots  of  eager  talkers;  opponents  who  have  been  addressmg  one  another 
with  the  meeting  between  toem  rush  across  the  room  to  each  other  and  put  their 
points  with  renewed  emphasis  and  unfettered  gesture,  and  for  ten  minutes  there 
18  apparent  confusion  and  some  noise.  But  when  the  President's  bell  again  rings, 
the  effect  of  ^e  outburst  is  manifested  in  a  restoration  of  sobriety  and  the  passing 
of  a  resolution ;  and  so  the  number  of  resolutions  mounts  up,  and  by  the  end  of  the 
Conference  a  respectable  list  of  them  is  ready  for  the  printer ;  a  list  quite  long 
enough  to  quench  any  spark  of  originality  in  the  individuals  taking  part  in  the 
woric  But  now  comes  the  unforeseen  feature  of  the  enterprise.  The  participating 
workers  go  off  to  their  oheervatories  with  a  copy  of  these  rules  in  their  pockets, 
«nd  do  not  observe  them.  Such  as  they  find  convenient  they  adhere  to  closely ; 
but  when  they  find  by  experience  that  a  rule  will  not  work,  they  do  not  hesitate 
to  prefer  their  experience,  as  good  and  faithful  experimented  philosophers  should. 
And  their  individual  experiences  were  by  no  means  similar,  so  that  the  sheet  of 
rules  was  torn  across  in  all  sorts  of  directions ;  the  original  copy  would  be  now 
barely  recognisable  by  those  who  subscribed  to  it. 

Bittt  then  is  anything  left  P  Is  not  this  the  practical  failure  of  the  scheme  P 
On  the  contrary  it  was  its  salvation.  The  diversity  of  experience  was  not  funda- 
mental, but  to  a  great  extent  apparent  only.  The  rules  which  were  broken  were 
those  which  experience  proved  non-essenttal,  and  which  ought  never  to  have  been 
made ;  and  when  those  who  had  actually  carried  out  a  considerable  portion  of  the 
work  met  last  year,  they  found  that  they  had  arrived  at  practically  the  same  con- 
elusions  by  a  diversity  of  routes.  It  was  inevitable  that  the^  should,  rules  or  no 
rules,  if  they  went  to  work  honestly  and  perseveringly ;  and  if  some  went  a  longer 
way  aad  some  a  shorter  to  the  same  goal  this  was,  alter  all,  an  unimportant 
matter  beside  the  fact  that  they  all  arrived  at  last.  Had  they  not  thrown  off 
the  needless  constraints  tiiey  might  never  have  arrived  at  all. 

The  rsali^  of  this  happy  consummation  was  illustrated  hy  two  minor  inci- 
dents, which  I  will  mention.  At  this  last  Conference  several  points  were  brought 
«P  for  discussion  which  had  not  been  previously  considered.  Quided  by  expe- 
rMnce,  no  attempt  was  made  in  general  to  frame  new  rules  of  procedure :  the 
object  was  tadtty  assumed  to  be  mat  the  different  workers  should  compare  aetes 
for  their  own  guidance.    But  there  were  some  present,  especially  among  those  not 
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participating  in  the  work,  who  had  not  profited  by  the  lessons  of  the  jMst ;  and  one  of 
them  read  out  a  rather  elaborate  resolution  for  deciding  one  of  the  points  in  question 
on  a  uniform  plan.  It  was  just  such  a  resolution  as  would  have  led  to  an  excited 
debate  at  the  earlier  Conferences  and  ultimately  to  a  cut-and-dried  rule.  It  was 
now  received  in  embarrassed  silence.  Then  one  who  had  gauged  the  opinion  of 
the  meeting  more  adequately  rose  to  point  out  how  retrogressive  it  was.  With 
the  utmost  courtesy  to  his  colleague  and  in  the  most  genial  manner  be  pointed  out 
that  such  a  resolution  was  both  dangerous  and  useless,  and  was  better  let  alone, 
which  was  accordingly  done. 

Again,  one  of  the  co-operating  directors  rose  to  ask  for  guidance  on  a  doubtful 
point.  There  were  certain  plates  which  might  or  might  not  be  considered  pro- 
perly falling  to  his  share,  according  to  the  definition  of  his  boundary.  In  this  case 
individual  opinion  was  deliberately  subordinated  to  the  decision  of  the  meeting. 
Would  the  meeting  please  decide  the  point  P  Surely  here  the  meeting  might  give 
a  decision  without  danger.  But  the  meeting  had  been  humbled,  and  was  no  longer 
in  the  mood  to  give  decisions.  Proposals  to  direct  the  questioner  to  take  the 
doubtful  plates,  to  recommend  him  to  do  it,  and  to  encourage  him  to  do  it,  were 
successively  considered  and  rejected  as  beinj;^  too  dictatorial ;  and  it  was  finally- 
decided  that  the  meeting  would  not  forbid  him  to  take  the  extra  plates  if  he  so 
wished  I  ^ 

But  the  comedv  of  this  result  has  a  very  serious  significance.  We  may  heartily 
congratulate  ourselves  that  the  time  is  not  yet  come  when  astronomers  are  pre* 
pared  to  lose  their  individuality  in  a  co-operative  scheme  of  work ;  and  still  more 
that  such  schemes  can  be  found  where  such  loss  of  individuality  is  unnecessary. 
May  it  not  be  said  that  something  very  similar  has  been  realised  in  the  case  of  the 
otlier  scheme  of  co-operation  referred  to  by  the  President  of  the  Assodation 
yesterday,  the  scheme  for  a  Catalogue  of  Scientific  Literature  P  The  oriffinal 
proposals  were  of  a  kind  which  left  too  little  scope  for  the  individuality  of  tlie 
different  sdences.  Fortunately  the  mistake  was  rectified  promptly,  and  Uie  preeeat 
plan  leaves  much  more  to  individual  judgment.  Some  such  compromise  would 
seem  to  be  essential  (if  we  are  not  generalising  too  hastily)  to  the  success  of 
oo-operative  enterprises  in  science.  We  must,  above  all  things,  take  care  not  to 
cmsn  individuality.  I  would  even  go  so  far  as  to  say  that  so  much  of  the  element 
of  competition  as  can  be  preserved  without  endan^ring  uniformity  in  essentials 
should  be  diligently  cultivated.  Add  that  the  origmal  scheme  should  be  as  modest 
as  possible,  and  that  an  energetic  man  should  be  put  in  a  position  to  wake  up  the 
dilatory  and  to  ensure  that  the  pace,  which  is  necessarily  that  of  the  sbwest,  be 
not  funereal,  and  I  venture  to  think  that  we  may  eliminate  failure  from  co-operatiTe 
scientific  enterprises. 

The  following  Papers  were  read : 

1»  On  the  Possibility  of  Systematic  Error  in  Photographs  of  a  Moving 
Object    By  A.  R.  Hinks,  M.A. 

An  h  priori  oljection  to  the  method  of  obtaining  the  position  of  a  planet  from 
photographs  is  the  alleged  possibility  of  systematic  error  due  to  the  fact  that  the 
images  either  of  the  stars  or  the  planet  must  be  short  trails,  and  the  ends  of 
these  trails  may  not  be  symmetrical  with  respect  to  the  mean  epoch  of 
exposure.  In  photographing  Eros  at  Cambridge  last  winter  for  the  determination 
of  the  solar  parallax  the  exposures  were  made  following  alternately  the  stars  and 
the  planet.  A  comparison  of  the  two  series  will  not  show  the  existence  of  a 
systematic  error  constant  for  stars  of  all  magnitudes,  but  it  would  show  aa 
error  which  was  a  function  of  the  magnitude.  Forty  exposures  each  of  eighteen 
selected  stars  have  been  measured,  and  show  no  trace  of  such  an  error.  The 
author  concludes,  from  the  absence  of  a  differential  effect  between  stars  of 
different  magnitudes,  that  the  absolute  systematic  error  due  to  trail  is  probably 
insensible. 
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2.  The  EaserUiaU  of  a  Machine  for  the  Accurate  Measurement  of  CeleeHal 
Photographs,    By  A.  R.  Hikes,  M,A. 

It  is  now  witbin  the  power  of  amateur  astronomers  to  do  work  of  the  highest 
value  hy  measuring  photosfraphs  made  by  the  existing  telescopes  of  the  public 
observatories  in  such  numbers  that  they  cannot  all  be  measured  and  discussed  at 
the  observatories  themselves.  When  this  is  more  fully  realised  there  will  be  some 
demand  for  a  suitable  measuring  machine  at  a  not  extravagant  price.  The  author 
attempts  to  define  the  essentials  of  the  simplest  machine  which  will  do  work  of 
the  highest  accuracy. 

The  machine  shall  measure  one  coordinate  at  a  time  on  plates  impressed  with 
a  standard  5  mm.  r^au. 

To  ensure  that  the  error  in  the  measure  due  to  the  machine  and  the  observer 
shall  not  be  a  large  part  of  the  whole  error,  the  machine  must  read  to  0*0001  of  a 
r^seau  interval  R. 

The  object  glass  of  the  microscope  should  project  the  image  of  a  H-s^uare  with 
magnification  unity  on  to  a  divided  glass  scale  in  the  eyepiece,  to  divide  it  into 
one  hundred  parts.  This  scale  should  have  the  spaces  numbered,  not  the  divisions. 
R-lines  and  star  discs  are  then  referred  to  the  centre  of  the  scale  space  nearest 
each  by  a  micrometer  screw,  which  may  be  applied  (1)  to  the  plate  carriage,  (2)  to 
the  scale,  (3)  to  the  obiective.  The  last  has  not  been  done,  but  it  promises  the 
advantage  over  the  others  that  it  brings  the  micrometer  head  at  a  convenient 
distance  from  the  eye ;  tmd  since  the  range  of  motion  required  is  small  (0*5  mm. 
is  ample)  the  objective  could  be  carried  in  the  centre  of  an  arm  pivoted  at  one  end 
and  pressed  against  the  screw  at  the  other,  which  would  be  sitnjple  to  make. 

xhe  objective  must  give  a  flat  field  over  at  least  6  mm.  The  tube  carrying 
the  eyepiece  and  scale  must  have  a  focussing  movement,  preferably  independent  of 
the  objective,  which  should  have  a  small  independent  range  of  adjustment  to 
make  the  R-square  fit  the  scale  and  reduce  errors  of  run.  This  does  not  disturb 
the  focus  if  the  objective  is  midway  between  plate  and  scale. 

The  plate  carriage  must  move  on  two  rectangular  slides,  which  need  not  be 
really  true.  It  may  be  moved  by  hand,  but  a  quick  rack  and  pinion  motion  is 
much  better.  Olamps  are  not  necessary  if  the  carriage  is  counterpoised.  Rough 
setting  scales  with  adjustable  pointers  are  necessary.  The  plate  should  be 
brought  up  by  springs  under  three  studs,  and  an  orientating  screw  at  one  comer 
is  required. 

Uniform  illumination  is  given  by  a  simple  convex  lens  below  the  plate  and  a 
concave  mirror.  It  is  most  important  that  tne  observer  should  be  shielded  from 
direct  light  by  black  curtains  and  screens,  that  he  may  be  able  to  keep  both  eyes 
open* 

The  essentials  are :  (1^  objective  giving  a  fiat  field,  and  (2)  divided  scale  in 
the  eyepiece,  good  optical  work ;  (8)  micrometer  screw  motion  to  subdivide  the 
0cale  spaces,  the  only  part  which  wants  really  good  mechanical  work ;  (4)  simple 
focussing  movement ;  and  (6)  orientating  screw  for  the  plate. 

Semi-essentials,  which  quickly  pay  for  themselves  in  time  save<l  and  fatigue 
avoided,  are : — 

S6)  The  adjustment  of  objective  independent  of  microscope  tube  by  a  divided 
I ;  i^\  rack  and  pinion  motion  for  the  plate  carriage ;  (S)  lens  and  concave 
mirror  illumination ;  (0)  light  screens. 

For  a  discussion  of  most  ot  these  points  reference  is  made  to  a  paper  by  the 
author,  <  Monthly  Notices  of  the  Royal  Astronomical  Society,'  1901  May. 


3.  Note  on  the  Singkep  Commutator.    By  David  P.  Todd. 

At  last  year*s  meeting  of  the  Association  I  described  the  Tripoli  commutator, 
%  mechanical  device  which  I  employed  at  that  station  on  May  28,  1900,  for 
operating  the  eclipse  instruments  automatically.  The  fortunate  accident  of 
locating  the  instruments  on  the  roof  or  terrace  of  the  British  Consulate  made  it 
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possible  to  driye  the  oords  from  the  commutator  barrel  by  gravity.    The  method 
could  not  be  conTeniently  used  except  under  like  circumstances  of  elevation. 

To  operate  the  instruments  at  Singkep,  Netherlands  Indies,  was  a  very  different 
problem,  and  led  to  the  devising  of  two  improvements  in  this  type  of  mechanical 
commutator  which  make  it  universally  adaptable  to  the  needs  of  Doth  astronomers 
and  physicists : — 

(a)  Instead  of  a  dngle  barrel  or  drum  I  used  as  many  drums  as  there  were 
instruments  to  be  operated.  £ach  drum  was  provided  with  a  collar  and  set-screw, 
so  that  the  process  of  adjusting  one  instrument  and  its  automatic  movements  did 
not  disturb  the  adjustments  of  others  already  made. 

(b)  Instead  of  gravity  as  a  power  to  turn  the  drums,  they  were  turned  by 
hand,  timed  accurately  to  the  motion  of  a  pendulum ;  and  the  commutator  cords, 
after  unwinding  from  the  several  drums  and  doing  their  work  in  tripping  the 
escapements,  were  returned  over  pulleys,  each  to  its  individual  drum,  where  they 
wound  up  on  one  side  just  as  fast  as  thev  unreeled  from  the  other.  This  simple 
arrangement  easily  gave  accommodation  tor  the  80  feet  of  cord  required  by  the 
6m.  208.  duration  of  totality.  

4.  The  Drift  in  Longitude  of  Groups  of  FaculcB  on  the  Sun^s  Surface, 
By  tU  Rev.  A.  L.  Cortie,  /)V.,  F.R,A,S. 

From  a  discussion  of  the  Potsdam  photographs  for  the  year  1884,  Wilsing  co«- 
duded  that  facul»  did  not  show  the  drift  in  longitude  with  decrease  in  latitude 
exhibited  by  sun-spots.  An  opposite  conclusion  was  derived  Arom  plates  eovering 
the  period  1801-94  at  Pulkowa,  by  Statonoff.  On  these  plates  no  faeoia  was 
foUowed  for  more  than  three  days,  and  the  measures  were  made  on  selected  points 
in  the  faculous  groups.  From  the  study  of  selected  groups  of  facalsd  in  tba  Tear 
1889,  Father  Sidgreavee  showed  that  groups  considered  as  a  whole  during  long 
periods  of  time  drifted  with  the  spots.  The  present  paper  is  supplementaiy  to 
that  of  Father  Sidgreaves,  and  while  traversing  the  same  grouna,  ffives  a  mofe 
detailed  discussion  of  the  observations.  Moreover,  it  is  illustrated  %  diagrams 
which  show  the  drift  in  a  very  convincing  way.  The  periods  of  time  during  which 
the  facul8B  were  followed  ranged  from  19  to  120  days.  The  year  IfiPBO  was 
selected  as  being  a  minimum  year  of  solar  activity,  and  therefore  presenting  leas 
diihculty  for  the  identification  and  following  of  the  several  groups  ot  facnlsd  than 
in  a  maximum  year.  Moreover,  to  make  identification  certain,  of  121  groups 
drawn  and  measured  during  that  year,  all  but  thirteen  were  excluded.  These 
latter  groups  were  all  connected  with  sun-spots,  and  passed  through  the  various 
phases  of  growth  which  characterise  such  groups.  In  the  study  of  the  drift, 
Carrington's  method,  set  forth  in  his  '  Observations  of  Solar  Snots,'  was  exactly 
followed.  A  centre  of  each  group  was  chosen  which  appeared  to  give  the  most 
trustworthy  result  for  diurnal  motion.  But  every  member  of  each  group  had  pre- 
viously been  put  down  in  its  true  heliographic  position  on  a  set  of  charts,  one  to 
each  solar  rotation.  The  positions  were  determined  from  the  original  drawiaga  by 
means  of  a  series  of  accurate  heliographic  projections.  The  Table  givaa  the 
results  from  the  measurements. 


MeAn  Daily  Angular  Motion 


Laiitado  Number  of  Groups  I 


Faculn  Groups 
(Stonyhurst) 


Ehsoft  Groups 

(Oorringt 


ton) 


!           o 

o 

i 

+   7                             1 

14-5 

14-3 

+   6            1                1 

14-3 

14-7 

-  2       ;          1 

14-5 

18-9 

-  3                             1 

14-4 

14-2 

-  8            ♦                4 

14-8 

14*8 

-  9                             3 

14-4 

14-4 

-24                             1 

14-0 

13-8 

-26                             1 

13-9 

18-7 
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The  Table  shows  that,  at  least  in  the  cases  discussed,  there  is  a  real  drift  in 
longitude  with  reduction  of  latitude.  This  is  especially  noticeable  in  the  cases 
between  -  26°  and  —  8°.  The  diagrams  in  which  the  faculsB  are  set  down  in  position 
at  successive  periods  show  the  dnft  in  a  most  striking  and  convincing  manner. 
An  apparent  lagging  of  facul»  behind  the  leading  spot  of  a  group  is  accounted 
for  by  the  disappearance  of  the  following  members  of  the  spot  groups,  and  not  by 
a  retrograde  dnrt  of  the  faculae. 

5.  On  an  Exceptional  Case  in  the  determination  of  the  Constants  of  a 
Pliotographic  Plat^from  knoton  Stars,  By  Professor  H.  H.  Turner, 
F,R,S. 

At  the  University  Observatory,  Oxford,  the  places  of  stars  on  about  800 
photographic  plates,  each  2°  x  2**,  have  already  been  measured ;  the  whole  number 
of  plates  to  be  measured  as  the  share  of  this  observatory  in  the  International 
Astroflraphic  Survey  being  1,180.  Each  plate  contains  on  an  average  about  850 
stars,  but  the  number  varies  considerably  (from  100  to  2,000).  Of  these  a  certain 
number  (from  10  to  30  per  cent.^  have  already  been  observed  on  the  meridian,  so 
that  th^  places  are  known ;  ana  from  these  known  places  the  'plate  constants' 
are  d^rmined  (scale  value,  orientation,  &c.),  so  that  the  places  of  the  remaining 
stars  in  the  sky  can  be  inferred  fh>m  the  measures  of  the  plate.  The  constants 
are  found  by  two  sets  of  linear  equations,  one  set  from  measures  of  the  x 
coordinates,  another  from  y :  and  the  correctness  of  the  solution  is  checked  (a)  by 
the  agreement  of  the  results  from  the  two  sets,  which  are  solved  independently ; 
{b)  by  the  accordance  of  the  residuals  for  Uie  known  stars  with  those  found  from 
other  plates. 

The  equations  are  solved,  not  by  the  method  of  least  squares,  but  by  a 
process  in  many  ways  equivalent  to  it.  To  avoid  the  heavy  work  of  squarimr  and 
multiplying  numerous  coefficients,  the  stars  are  grouped  so  that  by  mere  addition 
we  can  form  three  equations  presentiiig  the  chief  features  of  the  normal  equations 
which  arise  in  the  work  by  least  squares,  viz.,  that  the  coefficient  of  each 
unknown  quantity  should  be  relatively  lar^  in  one  equation.  In  almost  all  cases 
hitherto  this  process,  which  b  comparatively  simple  and  expeditious  has  been 
found  quite  satisfactory. 

A  plate  with  centre  IS**  0",  +  27°,  taken  on  1890  May  6,  presents  a  curious 
exception.  There  are  only  fifteen  '  known '  stars  on  it,  and  these  are  so  arran^^ 
(all  near  the  line  x^y)  that  the  usual  method  of  grouping  failed  to  give  a  solution 
at  all.  A  deliberate  regrouping  was  then  made  with  special  attention  to  the 
characteristics  of  the  plate,  but  the  solution  obtained  was  unsatisfactory  when 
judged  by  either  of  the  crit^rions  (a)  and  (6)  above  mentioned. 

The  machinery  of '  least  squares '  was  then  set  in  motion,  with  tiie  result  that  a 
satisfactory  solution  was  obtained.  It  seems  wor^y  of  note  that  this  machinery 
does  practically  give  satisfactory  results  in  cases  where  simpler  methods  fail. 
This  instance  is  of  some  importance  aa  representing  an  extreme  case  out  of  800 
tried. 

ft  On  the  Position  of  a  Planet  beyond  Neptune,     By  G.  Forbes,  F.R,S, 


SATURDAY,  SEPTEMBER  14. 
The  Section  was  divided  into  two  Departments. 

Department  I. — Mathematics. 

A  joint  Discussion  tvith  Section  L  an  the  Teachiny  of  Mathematics^  opened 
by  Professor  John  Perrt,  FM,S. 
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Department  II. — Physics. 
The  following  Report  and  Papers  were  read: — 
1.  Report  on  Radiation  in  a  Magnetic  Field, — See  Reports,  p.  39. 


2.  Note  on  a  Method  of  determining  Specific  Heats  of  Metals  at  Lov) 
Temperatures.    By  T.  O.  Bedford,  M,A,y  and  0.  F.  Green,  M,A. 

The  specific  heats  of  solids  at  temperatures  helow  0^  C.  have  hitherto  generallj 
been  determined  by  an  obvious  slight  modification  of  the  method  of  mixtures  as 
generally  used  for  temperatures  between  0**  and  100**  C. 

It  was  suggested  to  us  by  Mr.  E.  H.  Grifiiths  that  bettor  results  might  be 
obtained  by  adopting  a  method  which  can  be  regarded  as  analogous  wiUi  one 
which  has  already  been  used  with  success  for  the  0  0.  to  \W  0.  range,  vix.,  that 
of  Joly's  steam  calorimeter.  The  metal,  whose  specific  heat  is  required,  haTing 
been  previonsly  weighed  in  water  kept  at  OP  C,  is  cooled  to  a  low  temperature  and 
then  again  immersed  in  the  ice-cold  water.  The  metal,  with  the  coating  of  ice 
thus  formed  on  it,  is  again  weighed  in  the  water.  From  the  difference  in  the  two 
weights  the  mass  of  ice  formed  is  calculated,  the  density  of  ice  being  known,  and 
thence  the  specific  heat  of  the  metal  is  obtained  in  terms  of  the  latent  heat  of 
ice. 

The  experiments  have  been  merely  of  a  preliminary  character,  but  they  have 
served  to  suggest  the  following  as  an  appropriate  form  of  apparatus. 

The  metal  to  be  investigated  should  be  enclosed  in  a  cylindrical  box,  and 
experiments  performed  first  with  the  box  empty  and  then  when  it  contains  the 
metal.  Then  if  the  walls  of  the  box  be  of  sufficient  thickness,  this  difi«rential 
method  would  eliminate  to  a  great  extent  corrections  for  the  suspension  wire, 
for  the  gain  of  heat  b^  the  metal  and  the  deposition  of  hoar-frost  upon  it  during  its 
transit  through  the  air,  &c.  The  essential  feature  of  such  a  box  is  that  its  Tolnme 
should  not  be  altered  by  opening  and  closing  it. 

The  'cooler'  used  by  us  consisted  of  three  coaxial  cylinders.  The  metal 
experimented  upon  was  suspended  in  the  inner  of  the  three  chambers  thus  formed, 
the  middle  chamber  contained  the  cooling  agent  and  the  outer  chamber  formed  an 
air-jacket. 

It  appeared  that  the  best  method  of  determining  the  temperature  of  the  box 
would  be  to  bring  it  into  direct  metallic  connexion  with  the  thick  walls  of  the 
inner  part  of  the  cooler  and  to  insert  a  platinum  resistance  thermometer  in  the 
walls. 

In  the  method  briefly  sketched  above,  the  accurate  determination  of  the  rise  in 
temperature  of  the  water  in  a  calorimeter  in  experiments  by  the  method  of 
mixtures  is  replaced  by  two  weighings.  These  weighings  must,  however,  be 
performed  with  great  accuracy,  since  the  difference  in  the  olwerved  wdghts  caused 
oythe  formation  of  ice  is  only  ^th  of  the  w^ht  of  ice  formed. 

The  chief  difficulties  of  the  method  are : — 

(1)  Uncertainty  as  to  the  density  of  the  ice  owing  to  the  presence  of  air  in  the 
water. 

(2)  The  fact  that  the  water  cannot  be  stirred  during  the  process  of  weighing, 
and  that  therefore  its  temperature  begins  to  rise  above  0^  0.  and  the  ice  gradually 
melts. 


3.  A  New  Gauge  for  Small  Pressures. 
By  Professor  Edward  W.  Morley  and  Charles  F.  Brush. 

The  paper  describes  two  forms  of  gauge  for  the  measurement  of  small  pre 
of  a  gas.    It  was  especially  devised  in  onler  to  measure  the  pressure  ot  aqueous 
vapour.     For  this  purpose  McLeod's  gauge  cannot  easily  be  employed,  owing 
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chiefly  to  the  fact  that  the  amount  of  ahsorption  hy  the  walls  of  the  gauge 
changes  slowly  when  the  Tolume  of  the  vapour  is  changed  by  the  compression 
utili^  in  that  instrument. 

In  both  forms  of  our  gauges,  a  mercurial  siphon  gauge,  having  tubes  of  five 
centimetres  diameter,  is  mounted  on  an  instrument  like  a  level-trier,  and  differ- 
ences of  level  in  the  two  sides  are  measured  by  determining  the  inclination  of  the 
whole  gauj^  which  is  required  to  bring  the  two  surfaces  to  coincide  with  two 
fiducial  points  in  the  axes  of  the  two  arms  of  the  gauge.  From  the  measured 
inclination,  together  with  the  known  linear  distance  of  the  two  fiducial  points,  is 
computed  the  difference  of  level  of  the  two  surfaces  of  mercury. 

This  principle  (due  to  M.)  has  been  carried  out  in  two  ways.  In  the  first,  the 
siphon  gauge  is  carried  on  a  kind  of  bridge,  supported  at  one  end  by  two  points 
which  rest  on  a  horisontal  plate  on  a  solid  pier ;  and,  at  the  other,  by  the  jpoint  of 
a  micrometer  screw,  which  itself  rests  on  the  same  horizontal  plate.  In  the  axes 
of  the  two  limbs  of  this  gauge  are  two  platinum  points,  at  the  same  level.  The 
amount  of  mercury  in  the  gauge  can  be  changed  by  a  fine  adjustment. 

When  the  pressures  in  the  two  arms  of  the  gauge  are  the  same,  we  determine 
the  zero  reading.  The  amount  of  mercury  in  the  gauge  is  altered  till  one  fiducial 
point  barely  touches  the  mercury,  while  the  other  creates  a  depression.  Then  the 
inclination  of  the  bridge  is  changed  till  the  two  depressions  become  equal.  Mer- 
cury is  now  removed  from  the  gauge,  when  one  depression  will  commonly  disap- 
pear before  the  other.  The  adjustment  is  repeated  till  both  depressions  disappear 
together,  or  till  both  are  apparently  eq^ual  when  made  as  small  as  can  be  seen.  The 
reading  of  the  micrometer  screw  now  is  the  zero  reading,  and  marks  when  the  two 
points  are  in  the  same  horizontal  plane. 

If  now  the  pressures  in  the  two  parts  of  the  gauge  become  unequal,  their 
difference  can  be  measured  by  determining  what  new  inclination  must  be  given 
to  tiie  bridge  and  gauge  in  order  to  brim?  the  two  fiducial  points  into  coincidence 
with  the  mercury  surfaces  again.  Knowing  the  linear  distance  between  the 
fiducial  points,  we  can  compute  their  difference  of  level  in  their  new  position,  and 
so  measure  the  difference  of  pressure  between  the  two  sides  of  the  gauge. 

No  optical  appliances  are  needed  in  the  use  of  this  form  of  gauge.  The  ob- 
server, moving  nis  eye  up  and  down,  causes  the  image  of  a  window  bar  to  move 
across  the  depression  in  the  mercury  made  by  the  fiducial  points.  From  the  ap- 
pearance of  this  image,  he  can,  even  without  the  aid  of  a  magni^ing  glass,  equalise 
the  depressions  with  a  mean  error  less  than  the  five-thousanath  part  of  a  milli- 
metre ;  after  some  practice,  of  course.  But  an  observation  requires  two,  three,  or 
four  minutes. 

We  have  therefore  constructed  two  gauges  of  a  second  form,  employing  the 
same  general  principle,  but  also  utilising  an  optical  appliance  (due  to  B.)  by  which 
s,  reading  is  made  as  speedily  as  is  an  ordinary  micrometric  reading,  while  the 
accuracy  attained  is  even  increased.  Between  me  two  arms  of  the  siphon  gtrnge 
with  its  wide  tubes  is  placed  a  pair  of  mirrors,  so  adjusted  that  the  two  fiducial 
points,  as  well  as  the  two  images  of  these  in  the  mercury,  are  seen  side  by  side  in 
the  field  of  a  microscope  carried  on  the  apparatus  and  moving  with  the  tubes  and 
mirrors.  The  surface  of  the  mercury  is  not  seen ;  the  two  pairs  of  images  of  the 
points,  one  belonging  to  the  right  arm  of  the  gauge,  and  one  to  the  left,  are  par- 
tially superposed,  so  that  the  extreme  ends  of  the  points  are  perhaps  a  tenth  of  a 
millimetre  apart.  If  now  the  two  real  points  are  eauidistant  from  the  surfaces  of 
the  mercury,  the  two  pairs  of  images  will  seem  equidistant ;  if  not,  the  inclination 
of  the  whole  system  of  gauge,  mirrors,  and  microscope  is  changed  till  the  distance 
between  the  left-hand  pair  seems  equal  to  that  between  the  right-hand  pair.  This 
is  as  easv  as  the  bisection  of  a  point  with  the  wire  of  a  micrometer. 

Mendel^  found  it  necessary  to  grind  and  polish  the  external  and  internal  sur- 
faces of  the  glass  tubes  of  his  gauges,  in  order  to  eliminate  errors  due  to  irregpular 
refraction  through  irregular  surfaces.  In  our  apparatus  the  points  of  the  tube 
through  which  the  fiducial  points  are  viewed  are  always  rigorously  the  same.  W^e 
thererore  need  onlj  to  secure  an  area  in  each  tube  through  which  we  can  ^t  suffi- 
ciently good  definition  ;  it  is  easy  to  select  such  an  area  in  the  tube  which  is  about 
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to  be  worked  at  the  lamp,  and  then  to  Becure  that  the  selected  area  shall  occupy 
the  deeired  position  in  the  completed  apparatus. 

To  secure  precision  many  precautions  were  taken.  The  constmctioB  and 
mounting  of  the  instrument  is  much  like  that  of  an  astronomical  instrument.  A 
massive  cast-iron  standard,  designed  so  as  not  to  be  distorted  by  changes  of  tem- 
perature, rests  on  an  isolated  stone  pier;  on  it,  moving  on  trunnions  in  V-^haped 
supports  like  those  of  a  transit  instrument,  is  carried  the  plate  on  which  siphcm 
gauge,  mirrors,  and  microscope  are  fixed.  The  free  surface  of  the  mercury  in  each 
arm  of  the  gauge  is  five  centimetres  in  diameter.  The  tube  connecting  them  is  two 
centimetres  in  diameter,  and  is  but  two  centimetres  below  the  free  surface ;  so  that 
the  temperature  of  the  two  columns  of  mercury  shall  be  equalised  rapidly.  Qood 
illumination  is  provided,  with  care  to  minimise  the  access  of  heat  to  the  mercury. 
The  pair  of  mirrors  is  provided  with  every  motion  required  to  bring  the  two  fidu- 
cial points  into  focus  at  once,  and  to  give  the  images  of  the  points  any  desirable 
position  in  the  field  of  the  microscope.  The  ends  of  the  points  are  wrought  into 
small  hemispheres.  With  all  these  precautions,  as  well  as  many  others,  we  have 
been  able  to  make  measurements  in  which  the  mean  error  of  a  single  reading  is  not 
very  much  greater  than  a  ten-thousandth  of  a  millimetre. 


4.  The  Transmission  of  Heat  through  Water  Vapour, 
By  Charles  F.  Brush  and  Professor  Edward  W.  Morley. 

In  the  discussion  which  was  elicited  by  the  paper  of  Mr.  Brush  on  a  new  gas 
whose  power  of  transmitting  heat  is  vastly  greater  than  that  of  hydrogeni  Sir 
William  Crookes  suggested  that  the  observed  phenomena  might  perhaps  be  due  to 
water  vapour,  and  described  experiments  which  seemed  to  '  show  that,  at  h\^ 
vacua,  water-gas  is  a  better  conductor  of  heat  than  either  air  or  hydrogen  at  similar 
pressures.' 

Being  able  now  to  measure  small  pressures  directly,  we  have  determined  the 
rate  of  transmission  of  heat  through  water  vapour  at  pressures  from  that  of  satura- 
tion at  0^  to  less  than  a  millionth  of  an  atmosphere.  The  three  jB[auges  described 
before  have  been  used  in  three  series  of  experiments  with  three  different  apparatus. 

At  low  pressures,  water  vapour  transnuts  heat  more  rapidly  than  air,  out  not 
so  rapidly  as  hydrogen.  The  superiority  over  air  is  a  maximum  at  twenty  or  thirty 
millionUis  of  an  atmosphere,  and  is  not  fi&r  from  SO  per  cent.  At  sixty  or 
eighty  millionths,  air  and  water  vapour  transmit  heat  at  the  same  rate ;  at  higher 

gressures,  water  vapour  transmits  heat  less  rapidlv  than  air  at  the  same  pressures. 
Statements  more  precise  than  these  cannot  now  be  made,  because  the  form  and 
dimensions  of  the  apparatus  used  modify  slightly  the  curves  which«  represent  the 
relations  between  pressure  and  rate  of  transmitting  heat,  and  the  place  of  intersec- 
tion of  the  curves  is  therefore  uncertain. 


5.  Comparison  of  the  Constant  Volume  and  Constant  Pressure  Settles  for 
Hydrogen  between  0**  C.  and  — 190**  C.  By  Morris  W.  Travers,  D.Sc.^ 
and  George  Senter,  B.Se, 

The  authors  describe  a  modified  form  of  constant  volume  gas  thermometer  in 
which  the  average  temperature  of  the  stem — the  part  connecting  the  bulb  with 
the  so-called  ^  dead  space ' — ]a  determined  from  the  readings  of  a  secondary  gas 
thermometer  the  bulb  of  which  lies  side  by  side  with  the  stem  of  the  main 
thermometer.  The  relation  between  the  two  scales  was  deduced  from  the  expan- 
sion of  hydrogen  at  constant  pressure  between  —190^  0.  and  0^  C.  The  arrange- 
ments used  to  determine  this  expansion  were  as  follows:— The  bulb  of  the 
constant  volume  thermometer  was  immersed  in  liquid  air  side  by  side  with 
another  bulb,  which  we  may  call  the  constant  pressure  bulb,  filled  with  hydr^ipen 
at  a  known  pressure,  the  temperature  being  deduced  from  the  readings  of  the 
constant  volume  thennometer.    The  gas  in  the  constant  pressure  bulb  was  then 
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immped  off  and  measured  in  a  constant  volume  burette  at  a  known  temperature 
near  that  of  the  atmosphere,  the  relative  volumes  of  bulb  and  burette  being  such 
that  the  pressure  on  the  gas  in  the  constant  volume  burette  was  as  nearly  as 
possible  that  under  which  3ie  gas  was  confined  in  the  constant  pressure  bulb  at 
the  lower  temperature.  By  the  above  arrangement  errors  due  to  uncertainty  in 
the  temperature  of  connections,  &c.,  are  eliminated. 
The  results  are  as  follows : — 


Teroperatnres  from  conetant 
yolume  thennometer 


H  scale 

83-50 

8315 

83°00 

83-07 

86-85 


Cent,  scale 


Pressure  on 
gas  in  bnlb  of 
constant  pres- 
snre  apparatus 
in  millimetres 


-189-54 
-189-89 
-19004 
-189-97 
-186-19 


642-85 
683-70 
719-70 
790-85 
794-56 


Volume  of  bulb  i  Volume  coefficient , 
of  constant  of  H  between       i 

pressure  ap-  - 100°  C.  and      | 

paratus  in  c.c.   |  0°  C. 


16-140 
12-990 
12-990 
16-140 
13-908 


•0036690 
•0036710 
•0036714 
-0036730 
•0036730 


These  results  indicate  that  the  volume  coefficient  varies  with  the  pressure  on 
tke  gas  at  the  lower  temperature,  and  if  these  values  are  plotted  it  will  be  seen 
that  the  vidue  of  the  coefficient  approaches  •003660  when  the  pressure  becomes 
small.  This  result  is  in  agreement  with  theory.  The  value  of  the  coefficient  at 
normal  pressure  is  -OOSwT,  and  if  we  apply  this  result  to  the  calculation  ol 
corresponding  temperatures  on  the  two  scales  we  find : — 

Temperature  on  constant  volume  scale         .        .        .     — 190°  C. 
Temperature  on  constant  pressure  scale       .        .        .     — 190°*5  C. 


6.  Note  on  the  Variation  of  the  Specific  Heat  of  Water,     By  Professor 
H.  L.  CAUiBNDAB,  F,B.S.^See  Reports,  p.  34. 


7.  T/te  Laws  of  Electrolysis  of  Alkali  Salt  Vapours.  By  Harold  A. 
WiMON,  !>.&.,  M,Sc,f  B,A,,  Clerk-Maxwell  Student^  Cambridge 
University, 

The  method  employed  in  the  exj^riments  described  in  this  paper  was  the 
foUowing: — A  current  of  air,  contaming  a  small  amount  of  salt  solution  in 
aospension  in  the  form  of  spray,  was  passed  between  two  concentric  cylinders  of 

Slatinum  heated  in  a  gas  ftimace.  These  cylinders  were  maintained  at  a  large 
iSenaoe  of  potential  by  means  of  a  storage  battery,  and  the  current  between 
tbem  through  the  stream  of  air  and  salt  vapour  was  measured  at  various  tempera- 
twrea  and  with  different  £.M.F.'s. 

It  was  found  that  above  1300°  C.  and  with  more  than  800  volts  P.D.  the 
current  through  the  salt  vapour  became  <  saturated,'  that  is,  it  was  not  increajied 
apmcialdy  either  by  raising  the  temperature  or  increasing  the  E.M.F.  applied. 

This  saturation  current  was  measured  for  a  number  of  different  al£ali  metal 
saha*    The  table  on  the  next  page  contains  the  results  obtained. 

It  will  be  seen  from  the  above  results  that  the  product  EG  is  approximately  a 
c^BBtant  for  iolations  of  the  same  concentration.  Also  EG  is  ten  times  greater 
with  aoUtioiM  of  10  grams  in  a  litre  than  with  solutions  of  1  gram  in  a  litre. 

It  foUowt  therefore  that  the  saturation  current  through  an  alkali  salt  vapour 
it  (1)  ttroportioBal  to  the  amount  of  any  one  salt  passing  between  the  electrodes, 
and  (2)  uivetsely  proporticmal  to  the  electrochemiciu  equivalent  of  the  salt 

xh6M  teaults  aie  exactly  analogous  to  Faraday's  Laws  of  Electrolysis  for 
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Liquid  Electrol3rt68,  and  consMuenily  they  establish  the  analogy  between  eon« 
duction  of  electricity  by  salt  solutions  and  that  by  salt  vapoura. 


Salt  in  the 
Solution 
sprayed 

Cone,  of 

Solution 

(Grms.  per 

Utre) 

Electro- 
chemical 
Equivalent 
of  Salt 
(E) 

Saturation 

Current 

observed 

(C) 

1 
EO 

1 

CaCl 
Rbl 
KI 
Nal 

10 
10 
10 
10 

J  68 
212 
166 
160 

161    xlO*"* 
13  6      „ 
16-4      „ 
16-4      „ 

2-54  X  10" ' 
2«6    ,. 
2-72    .. 
2-46    „ 

CbCI 

C8.C0, 

Rbl 

168 
163 
212 

1-61    „ 
1-61    „ 
1-26    ., 

2-70  X 10"' 
2-62    „ 
2-66   ., 

RbCl 

RbjOO, 

KI 

121 
116 
166 

2-24    .. 
2  44    ,. 
1-66    „ 

2-71    „ 

2-80    „ 
2-76   „ 

KBr 

KF 

K,CO, 

119 
68 
69 

213    ., 
442    „ 
4-00    „ 

2-68   „ 
2-67    „ 
2-76   „ 

NaT 
NaBr 
NaCl 
Na,CO, 

160 

103 

69 

68 

1-82    „ 
2-44    „ 
4-73    ., 
4-73    „ 

2-78    „ 
2-62    ., 
2-79    .. 
2-61    „ 

Lil 
LiBr 
LlCl 
LijCO, 

134 

87 
43 
37 

2-03    ,. 
312    ,. 
6-26    „ 
7-48    „ 

Mean    . 

2-72   „ 
2-72    „ 
2«»    „ 
2-77    H 

8-67 

8.  Preliminary  If  ate  on  the  Theory  of  the  Lippmann  Electrometer  and 
related  Phenomena.    By  F.  G.  Cottrbll. 

In  the  paper  it  is  pointed  out  that  in  the  detenninations  of  single  potential 
differences  between  metals  and  solutions  of  their  salts  by  means  of  either  the 
capillary  electrometer  or  dropping  electrodes  the  assumj^tion  has  up  to  the 
present  been  made  that  the  presence  of  a  lar^e  amount  of  'mdifierent'  and  gooc 
conducting  electrolyte  in  umform  concentration  throughout  effectually  prsTents 
the  differences  of  concentration  of  the  metallic  ions  within  the  solution  from 
producing  any  measurable  electromotiye  forces.  This  is  shown  to  be  the  caae 
only — 

(1)  When  the  total  quantity  of  depolarising  agent  (usually  a  mercury  salt)  in 
the  dilute  portion  of  the  solution  (layer  next  the  mercury  in  the  capillary)  is  large 
in  comparison  to  that  used  up  at  the  electrode  during  the  measurements;  or 
(2)  when  the  depolarising  agent  can  diffuse  from  the  conoentiated  to  the  dilate 
portion  in  a  practically  undiModated  state. 

In  none  of  the  forms  of  capillary  electrometer  or  dropping  electrode  as  jet 
employed  for  quantitative  measurement  is  the  first  of  these  altematiTes  satisfied 
for  such  electrolytes  as  dilute  sulphuric  or  hydrochloric  adds  or  potassium 
chloride.  It  is,  howeyer,  for  those  (such  as  certain  strengths  d  fiV^i'P^  sulphide 
or  cyanide  solutions)  in  which  the  unpolarised  meicury  is  abeady  at  its  maximum 
surface  tepsion.  The  second  altematiye  is  also  not  satisfied  by  solutions  of  the 
strong  mineral  acids  or  their  salts,  but  probably  is  by  eyamdes,  and  to 
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extoit  by  iodides.  Whether  the  sulphides  also  belong  here  is  harder  to  saj/  but 
is  not  unlikely. 

It  has  long  been  admitted  as  one  of  the  most  Tulnerable  points  in  the  theories 
of  dissociation  and  the  capillary  electric  phenomena  that  the  values  computed  for 
such  cells  as  Hff  |  KCl  |  Na^S  |  Hg  by  the  use  of  these  methods  for  the  terminal 
E.M.F.'s  and  Pianck*s  equations  for  the  liquid  contact  (KCl  |  Na^S)  do  not  agree 
with  the  Talues  obtained  by  direct  measurement  of  the  cell  as  a  whole.  The 
tendency  seems  to  have  been  to  regard  the  contact  NaJS  |  Hg  as  the  disturb- 
ing element;  but  the  views  here  presentedpoint  to  the  discrepancy  really  lyine 
in  the  determination  of  the  value  for  Hg  |  ETOL  This,  of  course,  has  a  direct  and 
important  bearing  on  the  value  for  the  standard  electrodes  now  in  common  use. 

The  same  considerations  serve  to  clear  up  some  of  the  discrepancies  between 
theory  and  experiment  in  the  phenomena  of  galvanic  polarisation  in  general. 

The  present  paper  is  merely  intended  to  indicate  the  line  of  reasoning  which 
has  led  up  to,  and  act  as  a  preliminary  notice  for,  a  series  of  experiments  aimed  at 
a  clearer  separation  and  measurement  of  the  individual  components  of  these 
phenomena  which  the  author  has  at  present  in  hand,  and  expects  soon  to  bring 
forward  as  basis  for  a  more  thorough  and  conclusive  treatment  of  the  whole 
aabject.  

9,  Effect  of  Non-Electrolytes  on  the  Lippmann  Electrometer  Curve. 
By  J.  A.  Craw. 


10.  Determination  of  the  Sv/rface  Tension  of  Mercury  by  the 
Method  of  Ripples,    By  J.  A.  Craw. 


11.  The  Potential  Diffey^ences  of  Allotropic  Silver, 
By  J,  A.  Craw, 


MONDAY,  SEPTEMBER  16. 
The  Section  was  divided  into  two  Departments. 


Department  I. — Mathematics. 
The  following  Report  and  Papers  were  read : — 

1.  Report  on  Tables  of  certain  Mathematical  Functions. 
See  Beports,  p.  54. 


2.  A  Criterion  for  the  Recognition  of  the  Irregular  Points  of  Analytic 
Functions,    By  Professor  Mittag-Lbfpler,  Foreign  Member  R,S, 

Let  Co  +  C|Qt— a^4-C2(x-<-a)^+  ...  be  a  lower  series,  and  let  us  make  the 
analytical  continuation  of  this  series  along  the  line  L,  which  starts  from  a.  The 
pi^r  dealt  with  the  problem  of  findinjj^  a  criterion  which  will  determine  the 
first  singular  point  x  upon  L,  which  is  found  on  proceeding  from  a  towards 
infinity. 

The  condition  found  was  as  follows : — 

\ ,    Denote  by  c  and  d  two  positive  quantities  less  than  unity,  and  by 

1901.  0  o 
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X(X  +  1)...     (X+n-l)-X^^  +  4"^X*-»+  ...     ,^l^\ 

T&aiL  tEe  nefieasary  and  eufficient  conditicm  that  .r  be  the  first  singular  point  on 
L.aB  wagp  fioni  a  to  infinity  is  that  the  inequality 

hold^  independently^  of  a,  however  small  c  may  be,  for  an  infinite  number  of  vahies 
of  n  ;  whib  the  inequality 

holds  for  all  sufficiently  large  values  of  n  where  we  take  a  Qrst  and  then  c 
sufficiently  small. 


3.  Poincare*8  Pear-shaped  Figure  oj  JBquUibrium  of  Rotating  Liquid, 
By  G.  H.  Darjvin,  F.R.S, 

Ellipsoidal  harmonie  analysis  ha&  usually-  been  presented  in  such  a  form  as  to 
make  numerical  calculation  almost  impossible,  but  the  author  believes  tiiat  he  has 
suc<^eded  in  removing  this  defect  in  a  paner  for  the  '  Philosophical  Transactions,' 
now  in  the  press.  By  aid  of  the  methoos  of  that  paper  llie  limit  of  stability 
of  Jacobi's  ellipsoid  becomes  calculable.  According  to  the  principles  established 
by  M.  Poincard,  stability  ceases  when  we  arrive  at  a  stage  where  a  coefficient  of 
stability  vanishes,  and  where  there  is  interchange  of  stabilities  between  two 
coaleecent  series  of  figures.  The  figure  which  coalesces  with  the  Jacobian  at 
this  point  is  the  pear-shaped  figure  sketched  by  Poincar^.  No  attempt  is  made 
in  this  paper  to  indicate  the  methods  pursued,  but  results  will  merely  be  given.' 

If  M  denotes  the  angular  v^oeity  of  an  ellipsoid  of  liquid,  and  p  tiie  density,  it 

is  well  known  that  bifurcation  of  the  Madaurin  ellipsoid  occurs  when-^^  =  *1871, 

2np 
and  when  a  number  /a  to  which  the  moment  of  momentum  is  proportional  is 
•30875.' 

One  of  the  equatorial  axes  thenbegons  to  elongate,  and  the  other  to  dunrten^  as 
the  angular  velocity  diminishes  and  tne  moment  of  momentum  increases.  These 
ellipsoidal  figmEos  with  three  unequal  axes  are  the  Jaoobian  ellipsoida 

The  problem  to  be  solved  is  to  find  when  a  coefficient  of  stability  in  the 
Jacobian  series  first  vanbhes,  and  to  determine  the  nature  of  the  figure  which 
coalesces  with  the  Jacobian. 

B  tha  phraseology  of  ^hecical  hawnonic  analysis  be  adopted,  it  is  found  con- 
venient to  take  as  the  prindnal  asis  of  quaa-symmetry  for  the  ellipsoidal 
harmonics  the  longest  axis  of  tne  Jacobian  ellipsoid.  Then  it  appears  that  the 
fiffit  to.  vanish  of  th*  ftoeffidanta  of  stability  is  thai  coziosponding  ta  th&  third 
zonal  hanBonic. 

The  feUowing^  short  table  gives  the  IswUng  facts  coneeiiiing  the-  Jaeohiaa 
eliipao&ds  aa  &p  as  Just  beyond  thair  instabilii^.  13ie  last  line  in  tha  table  givea 
the  corresponding  facts  as  to  the  critical  Jacobian,  which  is  a  figure  of  bifurcalioB. 
The  axes  of  the  ellipsoids  a,  b,  c  are  given  in  8iM(h<  a  form  that  theie  pseduAt  tAc  is 

*  A  paper  giving  the  details  of  the  investigation  was  presented  to  tte  Bofal 
Sodety  in  October  1901. 

»  See  Proe.  R,S.,  vol.  xli.  p.  819. 
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equal  to  unity.    The  function  /a  wm  referred  to  above,  and  exhibits  the  increase  of 
moment  of  momentum,  whilst  the  angular  velocity  falls. 


2irp 


11«72 

1158 

1-0454 


•8111 
•8149& 


11972 

1-279 

1-3831 

1-6007 

1-899 

1-88583 


-1871 

•186 

•1812 

-1669 

•1409 

•14200 


•30376 

•306 

•3134 

-3407 

•3920 

•38957 


In  the  figure  the  dotted  line  shows  the  three  nrmcipal  sections  of  the  critical 
Jaoobian  and  tiie  fuU  line  shows  the  pear-ehaped  umpire,  the  amount  of  departure 
ftom  thft  dlipeoid  being,  of  oouxae,  drawn  on  an  arbitrair  scale. 

The  readarwho  comparea  the  figure  of  the  critical  Jacobian  defined  in  the 
last  line  a£  the  tahte  and  shown  in  the  figure  with  Poinoar^'s  sketch  wiU  perceive 
tibdi  it  is  eonsidambly  longer  than  he  had  supposed.  The  resemblance  of  the  new 
figure  to  a  pear  is  also  much  less  lemaricable  than  in  the  conjectural  sketch. 


QA  « .65066,  OB  =  -81498,  OC  - 1-88688 ;  ^  -  14200 


5J^- -76806,^2. -78899 


2irp 


4.  2'ke  Simple  Pendtdtim  without  Approximation, 
By  Profiessor  A,  G.  Greeniiill,  F.B.S, 


5.  Spherical  Trigonometry, 
By  Professor  A  G,  Grbenhill,  F.B.S,^  and  C,  Vernon  Boys,  F.R,S, 


6,  On  the  Partition  of  Series  each  Term  of  which  is  a  Product  oj 
Qucmtice,    By  Major  P.  A,  MacMahon,  F.B.S. 
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7.  On  Idoneal  Numbers. 
By  Lt.-CoL  Allan  Cunningham,  R,E»^  and  the  Rev.  J.  Cullbn,  S.J. 

About  the  year  1778  Euler  discoTered  the  existence  of  a  class  of  positire 
numbers  (rnn),  such  that  if  an  odd  number  N  be  expressible  in  only  one  way  in  tbe 
form  {mac^  +  ny*)  [with  mx  prime  to  wy]  or  (x'^  -^  fnny^)  [with  .r  prime  to  «Miy], 
then  ]N  is  either  a  prime  or  the  square  of  a  prime.  These  numbers  he  stjled  rmmni 
idonei  from  their  special  fitness  to  aid  in  ihe  detection  of  high  primes.  He  gave 
rules  for  their  discovery,  and  actually  discovered  sixty-five  of  them,  the  largest 
being  1848,  and  stated  that  there  are  no  more  >  1,848  but  <  10,000.  The  joint 
authors  have  recently  extended  their  search  up  to  101,220  by  a  sort  of  graphio 
process  of  solving  simultaneous  linear  congruences  (invented  by  the  Kev.  J.  Oulien), 
with  the  result  that  no  more  such  numbers  exbt  >  1,848,  but  <  101,220.  (The 
whole  of  the  work  ending  in  this  result  has  been  done  independent^  by  each  of 
the  joint  authors.) 

As  to  the  forms  (m.r^  ^^  rav^),  {x^  /^  mafiy^)  mere  automorphs  of  the  same  form, 
t.6.,  products  of  the  form  bv  its  unit-form  r'  —  mn\^  =  1,  are  tio^  to  he  considered 
as  distinct  forms.  With  this  nroviso  it  is  found  that  negative  idoneals  ( —  wm) 
are  very  numerous.  Qauss*s  tables  show  that,  excluding  squares,  bXL  but  thirty- 
fiye  of  the  numbers  <  328  yield  negatiTe  idoneals.  Also  the  authors  find  that  all 
the  known  positive  idoneals  (except  37)  are  also  negative  idoneals. 

Several  new  theorems  on  quadratic  forms  whose  determinant  is  an  idoneal 
were  announced. 

As  an  application  all  the  odd  numbers  of  form  {x^  •¥  184dy*),  wherein  x  u 
prime  to  1848 y,  from  10,000,000  to  10,100,000.  have  been  examined;  the  180 
numbers  shown  below  were  found  to  be  expressible  in  only  one  toay  in  that  form, 
and  (squares  having  been  excluded)  are  therefore  all  Primes. 

[This  work  was  done  by  two  computers  independently  under  Golonel  Canning- 
haors  supervision.] 


10,00 

10,01 

10,02 

10,08 

1  -» 

10,06 
0,049 

10,06 
0,009 

10,07 

10,08 

10,09 

0,873 

0,113 

0,817 

0,067 

0,377 

1,633 

0,869 

1,209 

0,401 

2,497 

0,777 

0,881 

0.217 

0,637 

0,449 

1,681 

0,441 

1,401 

1,457 

3.049 

1,113 

1,629 

0,769 

0,801 

1,097 

1,801 

0,609 

4,017 

1,961 

3,073 

1,233 

1,817 

1,441 

1,041 

1,433 

2,713 

1,958 

6,241 

4,097 

3,553 

2,793 

2,321 

1,801 

1,209 

1,601 

2,857 

2,467 

6,361 

4,481 

4,249 

8,321 

2,993 

2,953 

1,353 

1,889 

3,049 

3,561 

5,601 

4,673 

4,393 

3,753 

3,713 

3,289 

1,473 

2,129 

3,217 

4,137 

6,417 

4,937 

6,233 

4,161 

6,689 

3,481 

1,881 

2,297 

4,369 

4,478 

8,563 

6,009 

5,569 

4,809 

7,073 

3,649 

2,193 

2,393 

4,537 

6,409 

8,769 

6,667 

6,097 

4,929 

7,577 

3,913 

2,361 

2,661 

4,561 

6,467 

9,609 

6,329 

6,193 

6,169 

8,273 

3.961 

2,889 

2,969 

4,897 

5,649 

9,729 

6.521 

6,241 

6,601 

9,449 

5,329 

4,569 

3,281 

6,161 

6,417 

6,953 

7,081 

7,449 

9,593 

5,497 

6,553 

3,449 

6,329 

6,969 

7,629 

7,249 

8,337 

9,713 

6,337 

6,841 

3,737 

6,217 

7,497 

7.841 

8,041 

8,697 

9,963 

6,601 

6,889 

4,241 

6,913 

8,169 

8,033 

8,209 

9,177 

6,841 

6,081 

4,409 

7,009 

8,201 

8,297 

8,881 

9,297 

7,613 

6,681 

5,129 

7,177 

8,S1S 

8,633 

9,969 

7,777 

6,763 

6,297 

8,017 

8,433 

8,969 

9,193 

8,193 

6,657 

8,761 

9,163 

9,689 

9,537 

5,921 
7,433 
7,937 
8,489 
8,513 
8,993 
9,363 
9,833 

9,073 

9,321 
9,681 
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8.  Determination  of  SticcesHve  High  Primes.    {Second  Paper.) 
By  Lt.-Col.  Allan  Cunningham,  B.E.f  and  H.  J.  Woodall,  A.B.C.Sc, 

A  general  method  was  preyiously  explained  of  determininff,  in  a  compendious 
manner,  the  whole  of  the  primes  within  a  given  range.  Tables  have  now  been 
prepared  showing  the  lowest  factors  ( >6)  of  all  the  numbers  between  (2^  7  1020), 
t.e.,  between  33,563,412  and  33,655,452,  thus  bringing  them  aU  withm  the  power 
of  the  existing  large  factor-tables.  Hereby  are  detected  the  whole  of  the  High 
Primes  (128  in  number)  within  that  range,  and  also  the  whole  of  the  Secondary 
High  Pnmes  (46  in  number)  contained  as  factors  of  the  numbers  within  that 
lanffe.  jThe  whole  of  the  work  required  has  been  done  by  each  of  the  joint 
authors  independently.] 

There  is  a  long  seguenoe  of  73  composite  numbers  between  33,664,393  and 
33,654,467,  and  one  of  61  composites  between  11,184,880  and  11,184,941. 


List  of  128  High  Primes  between  (2^ 

^  T  10 

20). 

88,668,  .  .  . 

88,554,  .  .  . 

88,555,  .  .  . 

1 

— . 

511 

661 

771 

009 

201 

383 

693 

839 

019 

167 

287 

421 

— 

617 

667 

787 

Oil 

221 

393 

639 

849 

037 

191 

289 

439 

— 

519 

661 

799 

021 

239 

467 

641 

867 

061 

199 

293 

449 

— 

537 

679 

837 

051 

249 

473  693 

891 

073 

209 

317 

— 

— 

647 

693 

879 

077 

267 

601  699 

903 

077 

217 

341 

— 

— 

549 

697 

901  i  08.3 

273 

503 

737 

929 

079 

241 

373 

— 

— 

677 

727 

909 

093 

291 

509 

743 

951 

089 

251 

877 

— 

417 

607 

739 

967 

123 

317 

619 

761 

959 

101 

259 

883 

— 

451 

613 

747 

969 

137 

.S41 

527 

771 

971 

1.31 

271 

391 

— 

463 

633 

759 

991 

169 

347 

679 

789 

977 

149 

281 

397 

— 

489 

619 

769 

999 

167 

371 

581 

831 

993 

163 

283 

419 

— 

List  of  46  Hiffh  Primes  between  i  (2^ 

T  10€ 

10). 

1                    11,184,  .  .  . 

11,186,  .  .  . 

- 

497 

553 

611 

671 

737 

799 

869 

941 

001 

087 

147 

451 

527 

557 

617 

683 

743 

829 

871 

959 

007 

049 

167 

469 

529 

577 

669 

703 

767 

839 

883 

967 

019 

081 



479 

539 

581 

661 

713 

791 

857 

889 

991 

033 

103 

— 

9.  Tlie  Equation  of  Secula/r  InequaliUee, 
By  T.  J.  I'A.  Bromwich,  St.  JohrCe  College^  Cambridge, 

The  theory  of  the  mean  motion  of  the  perihelion  and  node  of  a  planet's  orbit 
was  proved  by  Laplace  to  depend  on  a  certain  determinantal  eauation  of  degree 
equal  to  the  number  of  planets  considered.  A  paper  has  recently  been  published 
byC-  V.  L.  Charlier  (*  Ofversigt  af  kongl.  Vet.-Akad.  Forhandlingar,'  Stockholm, 
1900,  p.  1083)  in  which  he  considers  the  question  of  equal  roots  in  this  equation ; 
the  case  of  equal  roots  was  regarded  by  Laplace  as  unstable.  Charlier  remariss 
that  Weierstrass  had  proved  (<  Berliner  Monatsberichte/  1858,  p.  207,  or  '  Ges. 
Werke,'  Bd.  i.  p.  233)  that  the  equation  (of  the  same  form)  which  appears  in  the 
theory  of  small  oscillations  about  a  position  of  eauilibrium  does  not  lead  to 
instability  if  equal  roots  are  present ;  but  apparently  he  regards  Weierstrass^s 
investigation  as  not  sufficient  to  apply  in  the  more  general  problem  of  astronomy. 
Charlier  then  considers  the  astrononucal  case,  in  >^ier8trass's  way,  supposing  that 
equal  roots  do  appear  in  Laplace's  equation ;  but  the  astronomical  case  may  be 
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conadered  at  coFvered  bylloutii'e^  and  Wetentrass's^  igvetfUggtionB  as  to  the 
stability  of  a  state  of  steady  motion. 

Amongst  other  results,  Charlier  finds  a  method  for  reducing  the  disturbing 
function  to  a  canonical  form.  As  I  have  recently  indicated  *  a  proeosD  lor  the 
reduction  in  the  more  general  case  of  any  steady  motion,  it  may  be'war6h  whfleto 
show  how  my  method  is  simplified  in  Charlier's  case.  Using  the  notatioii  cff  vq^ 
own  paper,  Uharlier*s  disturbing  function  is  given  'by  writing  dr««0,  «  =^r$f 
80  that 


Hg  =  jSOw  ,Vr  Xt  +  i^Or,  (r  ($ 


where 


(r,«  =  l,2,.  .  .,ii) 


aud  the  equations  of  motion  are 

~dt     ^/    dt'^'dxr 
Then  the  determinant  which  I  employ  is 

21>    ^Vii    •    •    V    ^2»«>  "»     "¥•$  • 


.,  0 
.,  0 


<'n„ 

dnoy    . 

•> 

Onn, 

0, 

0,    . 

•   V    -i 

M> 

0,  . 

•     *9 

0, 

«11> 

a, 2,  . 

.    •,    «l« 

0. 

M>  • 

•    •> 

0, 

«2l> 

^221    . 

.    .,    O2 

0,     0, .  .  .,    /i,    o«„   a„j, 
which  is  readily  reduced  to  the  form 


Owi 


I  y«i» 


/na 


•>  /in 


=  0 


where  /« =  ffn^,,  +  ^^^i^a*  +  •  •  •  +«maii«  «o  that  /««/ .  It  follows  W  « 
theorem  due  to  Probenius  *  that  the  values  of  ^^  are  eq«al  to  thoie  of  —X',  where 
X  is  a  root  of  the  equation 

a,i— X,        a^o,  .  .  M  fliw        1=0 


-X,  .. 


„-X 


By  another  theorem  due  to  Frobenius,  the  invariant  f acton  of  the  equation 
in  fi  are  linear y  as  a  consequence  of  the  Unesiity  of  those  of  the  eauation  in  X . 
That  the  latter  <ire  linear  was  proved  by  Wetffstnns  (Z.c.)  (^  Berfiner  Monata- 
berichte/  1858,  p.  216;  1868,  p.  336).  It  follows  that  if  X  =  Oj,  o,, .  .  .,  a^  are 
tiie  (real)  roots  of  iJie  equation  in  X  ;  then  11^  ±mij,  ita,, .  .  .,  itOn  ^Bve  ^be 
roots  of  the  equation  in  p.  fof  whidi  any  number  may  %e  o^vrI);  «iA  «>  4fe 
method  of  §  3  of  my  paper  already  quoted  isan  be  applied  to  bmig  II,  to  Iflie  4mm 

iSktrari/  (r-1,2,..  ^n) 

the  canonical  equatioia  of  motion  being  nnaltflred.    In  this  form  the  iwSity  t)f 

*  Adams  JPrUe  £uay,  1877,  BtabUi^  qf  Motion ;  qf.  Thomson  and^ait,  IMuml 
Philosophy,  Bxt  843  f». 

'  Berliner  Monatsberiehte,  1879,  p.  480. 

*  Proc.  Lond.  Math,  Soc.y  vol.  xxxii.  1900,  p.  197  (see  also  p.  325). 

*  Crelle's  Journal  /.  d.  Math.,  Bd.  bcudv.  1878,  p.  1  (see  p.  if,  8atz  iil.  andp.'SS, 
8atz  V.) 
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tbe  TBSiilto  is  not  easily  seen,  and  so  we  vay  use  the  equivalent  form  ^ren  om 
p.  216  of  my  paper)  : 

which  is  Oharlier^s  form.  It  is  perhaps  worth  while  to  remark  that  Jordan's 
method  ^  can  be  applied  in  this  case,  and  without  the  use  of  imaginary  quan- 
tities. 


10.  The  Fuiseux  Diagram  and  Differential  Equatians,^ 
By  R.  W.  H.  T.  Hudson,  BA,  Fellow  of  Sl  John's  College,  Camhridge. 

The  paper  is  concerned  with  the  approximate  solution  of  ordinary  differential 
equations  m  the  neighbourhood  of  singular  points,  and  commenoes  with  a  brief 
description  of  the  method  of  using  a  diagram  of  unit  ^points  {squared  paper) 
similar  to  lliat  introduced  by  Puiseux  for  the  case  of  algehraic  functions.  This 
method,  which  was  first  applied  to  differential  equatioiiB  by  firiot  and  Bovquet, 
and  extended  by  Fine,  is  shown  to  be  oapaUe  of  supplying  infonafttiaa'M  to  the 
exbtence  of  infmitudes  of  noiMregular  integrals  which  are  <ii8ttally  oblained  hf 
pnrely  anai^cal  jnrooesses.  The  essential  thing  to  notice  is  that  a  fiost  4i{$roxi*- 
mation  to  a  solution  may  be  obtuned,  not  oily  fromu  side  of  the  'polygon,'  ^biuUiste 
from  a  comer,  provided  that  the  -comer  arise  as  a  marked  point  xrom  two  -or  anam 
terms  in  the  differential  equation,  and  two  inequalities  be  smfied,  espreesing  a  Oflfr* 
tain  geometrical  condition.  The  case  of  a  dinerential  equation  of  the  fiwt  order 
and  a  point  on  the  discriminant  locus  at  which  the  integral  eurves  ha^e  not  -a  misp 
28  a.good  example,  and  shows  the  existence  of  a  ncsud  maqr  be  nredioted  -£rom  ^aa 
inspection  of  the  diapam.  The  case  of  solutions  in  mmm  which  «t  sove  «taga 
introduce  logaritiims  is  shown  also  to  depend  on  comer  points  «iising  from  move 
than  one  teinn* 

11.  The  Fourier  Problem  of  the  Steady  Temperatures  in  a  thin  Rod. 
By  Jambs  W.  Peck. 

TThe  solution  r«  V  exp  /  -•'^\^2)  ^®  considered  from  the  poiittt^wwdflihii 

isothermals  and  tubes  of  flow.  The  result  so  got  appears  to  contradict  the  initial 
hypothesis  of  lateral  radiation ;  and  it  is  minted  out  that  the  difficulty  cannot  be 
evaded  by  considering  the  radiation  nejB^i^Ue,  for  this  nullifies  the  initially  chosen 
equation  of  heat-flow.  Explanation  is  found  in  the  approximate  nature  of  the 
solution,  and  two  -neosssar^  conditions  of  the  sppronmiition  on  worked  out  «b 
follows:  defining  the  ratio  e  i  k  w  the  tbomal  length  moduioB  ^L) — «lso 
specified  physically — and  taking  a  as  the  radius  and  /  the  length  of  the  rod,  we 

must  have  (L)  the  nrtb  ?  :  L  small ;  (ii.)  the  ratio  ^^  J  I  fitoaXL   For  experi* 

mental  purposes  the  first  ratio  should  not  exceed  g^^,  but  the  second  need  only 
be  smaller  than  about  \,  UlustiKtioaB  'of  the  negShect  (tf  theff»  «09n^tioi»  i3fe 
drawn  from  the  experiments  of  Despretz  and  of  Wiedemann  and  Frans.  Numeii<nl 
values  of  L  are  given  for  a  range  of  substances,  and  tibe  limits  between  which  the 
Fourier  result  is  applioable  are  ponted  out.  A  «ohftion  inmuff  a  higher  degree 
of  approximation  than  the  Fourier  result  is  then  derived  from  the  Be^l  function 
solution,  viz. 

-«?[v-(i-'-p)-v.-(i-^-f)] 

'  Liouville's  Journal  de  Math,  (2),  t.  xix.  1ST4,  p.  35  (§§  5-8).  References 
to  Kronecker*s  methods  of  redaction  and  to  other  methods  will  be  found  invy  pi^Bf 
already  quoted. 

2  The  paper  is  published  in  the  Procsedings  qf  the  London  Mathemmtieal  Society, 
vol.  xxxiv. 
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and  it  is  ahown  that  the  isothennals  may  in  certain  defined  cases  be  taken  as  the 
axial  paraboloids  of  revolution 

r'*  -  -  2 v'ai^l.r  +  ^^  log. 4Li;/(4L  +  a)V} 
and  the  lines  of  flow  as  the  logarithmic  curves 

Drawings  of  the  curves  and  numerical  examples  are  ^ven  in  illustration  of 
these  results. 

12.  Note  on  the  Potential  of  a  Surface  Distribution. 
By  T.  J.  I'A.  Bromwich,  St,  John's  College^  Cafnhridge. 

The  problem  is  the  determination  of  the  discontinuities  (at  the  surface)  of  the 
second  differential  coefficients  of  the  potential ;  the  results  are  familiar,  but  the 
method  seems  eaner  than  any  other  I  am  acquainted  with.  The  same  method 
has  been  used  bj  Weingarten  ('  Acta  Mathematica/  Bd.  x.  1887,  p.  808 ;  '  Archiv 
d.  Math.  u.  Phvs.'  (3),  Bd.  i.  1001,  p.  27)  to  find  the  discontinuities  in  the  second 
differential  coefficients  of  the  potential  of  an  attracting  mass  at  the  boundary^  of 
the  space  which  it  occupies ;  also  for  some  kinematicfu  conclusions  in  connection 
with  vortex  motion. 

Take  the  origin  on  the  surface  at  an  ordinary  point  of  the  surface  and  let  the 
axis  of  s  be  normal  to  the  surface.  If  the  sunace  is  closed  the  positiye  direction 
of  s  will  be  from  the  inside  towards  the  outside  of  the  surface ;  if  the  soi^aee  is 
not  closed  the  direction  of  z  can  be  taken  arbitrarily.  The  side  for  which  s  is 
positive  will  be  denoted  by  the  suffix  0,  the  other  side  by  the  suffix  1.  The 
equation  to  the  surface  then  takes  the  form  (near  the  origin) 

z  =  i((«r»  +  2Axy  +  *y»)+   .  .  . 

Let  a-  be  the  surface  density  at  (.r,  y,  z),  supposed  to  be  finite^  continQoas,  and 
differentiable,  and  let  s  be  the  value  of  <r  at  the  origin,  $x,  ^,  Sg  being  the  first 
dififerential  coefficients  there.    Then  we  may  write 

0-  =  «  +  x'Sg+ySj,  +  5*,  +  cr 

where  r»  =  A'«+y2  +  e» 

and  c  may  be  made  as  small  as  we  please  by  sufficiently  diminishing  r. 

The  potentials  on  the  two  sides  of  the  surface  are  denote^l  by  Vo,  Vi,  and  we 

write 

where  the  values  of  the  differential  coefficients  are  to  be  taken  at  the  origin. 
Thus 

Where  the  quantities  c'  may  be  made  as  small  as  we  please  by  sufficiently  dimi- 
nishing r. 

But  at  points  on  the  giren  surface 

8=i(aa-^  +  2/uy  +  ^i^2)+  .  .  . 

tad  so  we  may  write 

(r*s  +  a:*,+y#^,  +  e"r,  -^''-^"Ut  +  xuxx-^yVxy  +  C'ry&c* 
ox     ox 
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Now,  by  the  theory  of  the  potential  of  a  surface  density,  sjb  given  in  the  ordinary 
books  on  potential, 

9a-      8.r  oy      oy  oz       cz 

where  /,  m,  n  are  the  direction  cosines  of  the  normal  to  the  surface  (drawn  from 
the  side  »<0  towards  the  side  8>0). 

Here  we  may  write 

/= -(flfa7  +  Ay)  +  fxr,     m  =  -  (ha:  +  bj/)  +  tyr,     n^l  +  r^r, 

and  so  we  have 

Vx  +  xuxx +yuxy  +  t^'r  =  4jr(8  +  .r«,  +  y«»  +  €'V)[  -  (ax  +  hy)  +  c^] 

tty  +  A'Uxg  +  yu„  +  Cy'r  =  4ir(«  +  as^  +  y«,  +  e'V)[  -  (hx  +  6y)  +  tgr] 

Uz  +  awxi  +  yi*ifz  +  f^r  =  47r(«  +  .tsx  +  y«y  +  *"0[1  +  "''J 

As  these  hold  for  all  values  of  x,  y,  for  which  r  is  less  than  some  assignable 
^uantityi  we  have  the  results 

w«-  -4jra«  ,    ttxs=*4fr«x 

tiyy  -  —irrbs  ,    Mys  =  4ir«y 

where  the  value  of  ?/.-.  is  determined  by  the  fact  that 

««  +  «w  +  w^,  =  (V^Vj  -  V- V )  at  the  origin 
=  0 

Since  a  +  ft  =  _.  + . 

Pi     Pi 

where  p^y  p^  are  the  principal  radii  of  curvature  of  the  surface,  it  follows  that 

u,z  =  4ir«/ 


Vpi      Pa  / 


is  independent  of  the  directions  of  the  axes  of  x,  y,  as  might  be  expected.  A 
special  case  of  this,  when  the  surface  is  an  equipotential,  was  given  first  by  Green, 
('Essay,'  §8).  lliese  results  agree  with  tnose  given  by  Eorn  (' Lehrbuch  der 
Potentialtheorie,'  Bd.i.  p.  50),  and  Poincar^  ('Potentiel  Newtonien,' p.  251),  when 
allowance  is  made  for  the  simplification  introduced  by  using  the  axes  selected 
above. 

13.  The  Applications  of  Fourier's  Series  to  Mathematical  Physics. 
By  H.  S.  Carslaw,  D.Sc, 

In  the  problem  of  conduction  of  heat  when  the  solution  is  given  by  the 
infinite  series 

V  =  2<i,j  sin  vxe'^^-\ 
where 

a«  «  -       fix")  sin  nx'dx\ 

IT  Jo 

the  presence  of  the  factor  e-^^  preserves  the  convergency  of  the  series  when 
difierentiated  term  by  term. 

In   the   problems  of  transverse  vibrations  of  strings  where  the  solution  is 
given  by 

V  a  ^a^  sin  no?  cos  not 
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this  convergency  factor  is  not  present.    The  paper  called  attention  to  two  miHiii 
connected  with  this  solution : — 

(1)  The  series  which  are  used — when  the  stoing  starts  from  a  position  of  rest 
with  sharp  comers-^is  not  capable  of  differentiation  twice  with  regard  to  x  and  t. 

(2)  The  equation  -^  =  «*^^»  being  obtained  on  the  assumption  that  the 

string  forms  a  curve  without  sharp  comers,  cannot  withont  dieciiseton  be  «ppHe4 
to  these  cases. 


Department  II. — Physics. 
The  following  Reports  and  Papers  were  read : — 

1.  Report  on  Underground  Temperature. — See  Reports,  p.  64. 


2.  Report  on  Seiamological  Investigatiotu — See  Beporti,  p.  40. 


3.  On  the  Seasonal  Variatio7i  of  the  Atmospheric  Tefnperature  of  the 
British  Isles  and  its  Relation  to  Wind-direction.  By  W.  N.  Shaw, 
M,A.,  F,R,S,y  and  R.  Waley  Cohen,  B.A,^ 

If  the  twenty-five-year  means  of  temperature  for  each  day  of  the  year  at  the 
four  principal  stations  of  the  British  Meteorological  Office  be  plotted  the  curves 
do  not  exhibit  a  smooth  run,  but  show  a  number  of  irregularities — often  of  con- 
siderable magnitude.  It  is  thus  difficult  to  assign  any  specific  number  as  tba 
normal  mean  temperature  for  a  particular  day,  and  the  immediate  object  of  the 
work  described  below  was  to  obtain  a  smooth  curve  to  which  the  actual  observed 
temperature  of  any  day  might  be  referred  and  to  studv  its  characteristics.  The 
curves  of  actual  dfaily  means  were  first  compared  witn  simple  harmonic  curves 
having  an  annual  period,  a  maximum  about  July  21,  and  the  same  area  as  the 
irregular  curves.  The  comparison  at  once  disclosed  a  lag  of  spring  and  an 
acceleration  of  autumn,  and  a  corresponding  exaggeration  of  the  eamner 
maximum  and  moderation  of  the  winter  minimum.  These  fesitYOts,  %eimr 
essentially  characteristic  of  the  combination  of  a  first  and  second  order  mob 
curve  with  a  maximum  at  the  same  epoch,  suggested  the  idea  ctf  combining 
two  such  curves  to  obtain  a  normal  curve  of  reference.  These  combined  tm  ves 
give  very  satisfactory  smoothed  curves  for  the  whole  year  for  each  station,  «■€ 
show  that  the  periodic  variations  of  atmospheric  temperature  at  Eew  may  be 
very  approximately  represented  by  the  summation  of  two  efiects,  one  of  which 
corresponds  to  a  sine  curve  with  an  annual  period  and  an  amplitude  of  12^*04  F. 
and  the  other  to  a  sine  curve  with  a  semi-annual  period  and  an  amplitude  of 
1^*4  F.  Similar  statements  with  similar  numerical  magnitudes  are  true  of  the 
other  stations.    This  result  has  been  confirmed  analyticallv. 

The  curves  of  daily  mean  atmospheric  temperature  have  been  harmonically 
analysed  for  each  of  the  stations,  and  the  values  of  the  harmonic  coefficients 
have  been  determined  in  the  Meteorological  Office  by  means  of  Sir  R.  Stradiey% 
formula.^  In  each  case  there  is  a  second  order  curve  whose  amplitude  is  about 
one-eighth  of  that  of  the  first  order,  and  the  amplitudes  of  the  curves  of  higher 
order  are  so  small  as  to  be  negligible.  The  first  order  curve  has  a  maximum  at  a 
date  which  varies  at  the  four  stations  from  July  23  to  August  1,  and  tte  seooBd 
order  curve  has  maxima  which  vary  from  January  28  to  Februsiy  8,  md  Jiriy  89 

'  See  JProc.  Eoyal  Soc. 

«  Ptoe,  Royal  Soe,,  vol,  xlii.  pp.  61-79. 
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to  Ao^st  5  respectivelj,  and  minima  about  the  end  of  April  and  October 
respectively. 

Assuming  the  first  order  curve  to  represent  the  primary  solar  efiect,  the 
purpose  of  this  investigation  has  been  to  ascertain  the  nature  and  cause  of  the 
second  order  effect. 

Analysis  of  the  temperature  at  Vienna  shows  that  it  does  not  exist  there  either 
to  the  same  extent  or  at  the  same  epoch.  At  Agra  there  is  a  second  order  effect 
of  considerable  magnitude,  but  at  an  entirely  different  epoch,  and  hence  in  no  wi^ 
analogous  to  the  effect  in  the  British  Isles.  The  effect  is  thus  shown  to  m 
meteorological  and  not  planetary. 

The  effect  was  first  studied  for  Eew.  Its  cause  was  sought  in  the  effects  and 
relative  frequency  of  occurrence  of  cyclonic  and  anticyclonic  weather.  For  this 
purpose  the  mean  temperatures  of  cyclonic  days  for  each  month  throughout  the 
year  durmg  the  ^ye  years  167^1880,  and  of  anticyclonic  days  during  the  same 
^riod,  were  separately  calculated,  and  curves  were  plotted  whose  oi^inatee  are 
proportional  to  the  difference  between  these  values  and  the  mean  of  the  ordinatee 
of  the  first  order  curve  for  each  month.  Both  these  curvee  show  the  main 
characteristics  of  the  second  order  curve,  and  the  curve  of  difference  of  tempera- 
ture between  cyclonic  and  anticyclonic  weather  shows  no  sign  of  it.  Moreover, 
by  multiplying  the  percentage  of  difference  of  frequency  of  cyclonic  and 
anticyclonic  weather  for  each  month  by  the  difference  in  temperature,  the  total 
efiect  of  tjpe  of  weather  on  temperature  is  obtained,  and  its  curve  shows  that  it 
does  not  m  any  respect  resemble  the  second  order  effect.  It  is  concluded  that 
although  the  second  order  effect  has  a  meteorological  origin  the  type  of  the  weather 
plays  no  part  in  oausinff  it. 

The  efiect  of  wind  direction  was  next  examined  for  the  nine-year  period 
1876-4884.  The  mean  temperatures  of  the  air  during  the  prevalence  of  barometric 
ffradients  towards  each  of  eight  points  of  the  compass  in  each  month  were 
separately  calculated,  and  curves  of  divergence  from  the  first  harmonic  component 
were  drawn  for  each  wind  (taken  as  being  at  right  angles  to  the  j^radient)  m  the 
same  way  as  for  the  cyclonic  and  anticyclonic  curves.  Each  of  these  curvee  shows 
•at  least  some  characteristic  of  the  second  order  curve ;  but  on  siunming  them  all 
together  a  curve  is  obtained  which  differs  somewhat  firom  the  total  curve  of 
divergence  from  first  order  curve  values. 

1^  effect  is  largely  accounted  for  as  the  combined  effect  of  the  seasonal 
yariations  in  temperature  of  the  several  winds,  and  when  this  part  is  eliminated 
the  remainder  must  be  attributed  to  the  relative  frequency  of  winds  of  different 
temperature.  To  show  this  more  clearly  the  winds  were  grouped  together.  The 
mean  temperature  divergence  of  east  winds  is  -3^*1  F.;  of  northreast  winds 
—  4°*0F.;  and  of  north  winds  -3°*5F.  These  winds  were  grouped  as  'cold' 
vnnds.  Similarly  tbe  north-west  and  south-east  winds,  whose  mean  diver- 
.gepces  are  only  -0°*6  F.  and  -0°'7  F.  respectively,  were  grouped  as  *  temperate ' 
winds,  and  the  west,  south-west,  and  south  winds,  whose  mean  divergences  are 
-I- 1°'7  F.,  +  2®-2  F.,  and  +  2®*6  F.  respectively,  were  grouped  as  *  warm  '  winds. 
Temperature  curvee  were  drawn  for  each  of  these  groups  analogous  to  the  curves 
far  the  separate  winds.  Each  curve  again  shows  a  general  resemblance  to  the 
eeeond  orcrar  curye,  but  it  is  noticeable  that  the  Octmier-November  minimum  is 
especially  prominent  in  the  curve  for  the  temperate  wmds.  The  mean  frequenciee 
of  ooonrrence  of  these  groups  in  each  month  during  the  nine  years  vrere  also 
calculated  and  expressed  as  a  percentage  of  the  total  number  of  days ;  the  resuha 
were  plotted  on  curves  whose  ordinales  are  proportional  to  these  percentage 
frequencies. 

The  firequency  curve  for  ^cold'  winds  shows  a  very  remarkable  maximum 
ireqnency  in  May  and  a  small  maximum  in  November. 

The  frequency  curve  for  warm  winds  shows  minima  »t  these  times  and 
maxima  in  February  and  August,  and  the  frequency  curve  for  temperate  winds, 
which  become  distinctly  colder  in  October-November,  shows  a  very  high  maximum 
at  the  end  of  October.  At  that  time  the  temperature  of  these  winds  is  much  below 
the  average  relative  value,  and  thus  the  smiul  maximum  of  the  curve  of  the  cold 
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winds  at  that  time  is  rdnforced  by  the  seasonal  coldness  of  the  more  pieTaWnt 
winds. 

As  an  example  of  the  results  derived  from  the  inquiry  it  may  be  mentioned 
that  the  minimum  of  the  second  order  effect  at  the  end  of  April  may  be  attributed 
to  the  relative  frequency  of '  cold  *  winds  and  the  relative  coldness  of  all  winds  at 
that  period,  while  the  corresponding  minimum  at  the  end  of  October  must  be 
assigned  to  the  relative  frequency  of  'temperate*  winds  and  the  comparatiye 
coldness  of  those  winds  at  that  time  of  the  yew. 

The  second  order  effect  is  apparent  in  a  single  gear's  observations,  and  has,  with 
few  exceptions,  a  larger  amplitude  in  the  analysis  of  the  temperature  curve  of  a 
single  vear  than  in  that  of  a  mean  curve  of  a  number  of  years.  The  amplitude  lor 
a  single  year  may  be  as  much  as  3°,  or  a  quarter  of  the  amplitude  of  the  whole 
annus!  variation. 

A  similar  effect  is  found  in  the  variation  of  magnitude  of  the  barometric 
gradient  between  London  and  Valencia,  and  London  and  Aberdeen.  It  is 
probable  that  this  periodic  variation  in  pressure  plays  some  part  in  causing  the 
similar  variation  in  temperature. 

.  A  similar  effect  is  also  found  in  the  temperature  variation  of  the  sea  water  at 
stations  surrounding  -these  islands,  and  the  atmospheric  effect  is  probably  con- 
nected with  this. 


i.  On  tlie  Effect  of  Sea  Temperature  upon  the  Seasonal  Variation  of  Air 
Temperature  of  the  British  Isles.    By  W.  N.  Shaw,  M.A,,  F.R.S.^ 

The  paper  describes  an  attempt  to  utilise  the  mode  of  geometrical  composition 
and  resolution  of  sine  curves  of  the  same  period  to  resolve  the  principal  seasonal 
variations  of  temperature  at  a  station  into  constituents,  which  may  be  called  the 
primary  solar  constituent,  and  the  constituent  due  to  the  surroundings  of  land 
and  sea  respectively. 

The  analysis  of  atmospheric  temperature  shows  that  there  is  a  considerate 
lag  in  the  occurrence  of  the  seasonal  variations  of  temperature  at  coast  stations  as 
compared  vrith  inland  stations,  and  a  still  greater  lag  in  the  variations  of 
temperature  in  the  sea  itself. 

The  variation  in  sea  temperature  is  regarded  as  a  periodic  cause  of  variation 
of  atmospheric  temperature  at  coast  stations,  the  effect  of  which  is  periodic  in  the 
same  period,  and  may  be  compounded  with  the  primary  solar  effect  to  give  the 
resultant  seasonal  variation. 

The  effects  of  these  curves  of  equal  period  may  be  represented  in  magnitude  by 
the  numerical  value  of  the  amplitudes  of  die  first  order  curves  of  the  respective 
temperature  variations,  and  they  may  be  compounded  geometrically  by  means  of  a 
triangle  whose  sides  are  proportional  to  these  amplitudes,  and  are  inclined  at  anrlee 
corresponding  to  the  relative  epochs  of  the  curves.  In  such  a  triangle  the  foUowing 
elements  are  known : — 

1.  A  side  proportional  to  the  observed  amplitude  at  the  station. 

2.  The  difference  in  epoch  between  the  primary  solar  cause  and  the  resoltaat, 
t.0.,  the  angle  between  the  sides  proportional  to  the  amplitudes  of  the  primary 
solar  and  of  the  resultant  effects. 

3.  The  angle  between  the  sides  proportional  to  the  marine  and  the  primary 
solar  effect. 


By  assuming  the  primary  solar  effect  to  be  the  same  for  places  in  the  i 
latitude  it  would  thus  be  possible  to  analyse  seasonal  variation  of  temperature 
at  any  place  into  its  elements,  and  an  example  is  given  of  this  analysis  in  the  case 
of  Kew.  A  point  of  some  interest  arising  out  of  this  is  the  lag  in  the  seasons  at 
searcoast  stations,  showing  that  not  only  the  autumn  and  winter  are  late  at  the 
sea-coast,  but  also  the  spring,  so  that  an  early  spring  is  to  be  sought  inland. 

*  See  Proc,  Boyal  Soe, 
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Another  point  of  interest  is  the  effect  of  the  sea,  which  is  not,  as  is  generally 
supposed,  actuiJlj  to  decrease  the  amplitude  of  annual  temperature  oscillation, 
but  to  increase  it,  although  to  a  less  extent  than  a  corresponding  surrounding  area 
of  land.  Thus  at  Nertchinski-ZaTod,  in  Siberia,  the  effect  (calculated  as  above)  of 
the  secondary  cause,  t.e.,  the  surrounding  land,  on  annual  temperature  variation 
has  an  amplitude  of  55^  F. :  whilst  at  Kew,  in  the  same  latitude,  the  effect  of  the 
surrounding  land  and  sea  has  only  an  amplitude  of  8^*3  F.  The  figures  for  sea 
temperature  are  inadequate  for  enective  numerical  analysis,  but  they  suggest  a 
possibility  of  arriving  on  these  lines  at  a  definite  comparison  of  inland  and  marine 
cHmates. 


5.  A  New  Point  of  View  about  GraviieUion,  cmd  a  proposed  Experiment. 
By  Dr.  V.  Cr^mietj. 

We  know  perfectly  well  the  quantitative  law  of  gravitation,  but  we  have  no 
idea  of  the  mechanism  of  the  attraction. 

Several  attempts  have  been  made  to  explain  gravitation  by  the  presence  of  a 
medium,  but,  I  believe,  all  without  success.  Some  learned  men,  too,  had  the 
idea  of  finding  by  experiment  whether  the  propagation  of  attraction  was  in- 
stantaneous or  not ;  but,  as  far  as  I  know,  no  physical  experiment  was  ever  tried. 

Whenever  a  system  is  in  equilibrium  every  attempt  to  disturb  that  equi- 
librium will  introduce  new  forces  into  the  system,  which  will  act  against  this 
disturbance  of  equilibrium. 

There  are  many  examples:  heating  of  gases  by  compression,  increase  of 
resistance  of  metals  with  temperature,  and  consequently,  when  they  are  sub- 
mitted to  an  electromotive  force ;  and,  moreover,  the  law  of  Lenz  in  induction. 

T  Uiought  that  gravitation  must  very  likely  follow  that  universal  law. 

If,  for  instance,  we  consider  the  two  bodies  A.  and  B  in  equilibrium,  we  can 
imagine  that  there  is  a  '  fiux  of  attraction '  between  them.  Let  us  move  A  very 
quiody :  this  motion  will  produce  a  sudden  variation  in  that  flux,  and  a  reaction 
will  take  place  in  the  system  at  that  moment  which  will  work  against  the  motion 
communicated  to  A. 

A  few  months  ap^o  I  described  in  the  *  Comptes  Bendus '  a  new  very  sensitive 
kind  of  balance  which  gives  us  an  eas^  and  direct  way  of  verifying  that  idea. 

This  balance  is  made  in  the  following  manner :  a  very  light  tube  of  aluminium 
is  horizontally  suspended  by  a  silk  thread,  the  two  bent  parts  of  which  form  an 
angle  of  about  ISMr. 

At  one  end  of  this  tube  is  fixed  a  small  sphere  of  platinum  weighing  about 
three  grammes.  At  the  other  end  is  a  permanent  magnet  suspended  by  a  silk 
thread ;  the  weight  of  this  magnet  is  three  or  four  miUigrammes  lighter  than  that 
of  the  sphere. 

A  coil  is  fixed  on  the  support  of  the  apparatus,  and  the  silk  thread  bearing 
the  permanent  magnet  coincides  with  the  axis  of  that  coil. 

On  sending  a  current  through  it  in  the  nroper  direction  a  repulsion  between 
the  fixed  coil  and  the  permanent  magnet  will  be  established.  That  is  the  repulsion 
whidi  win  be  used  instead  of  weights. 

.  I  have  constructed  several  of  these  balances  for  use  as  galvanometers  or 
electrometers.    The  measured  accuracy  of  one  was  as  follows : 

It  gives,  at  a  distance  of  two  metres,  a  deviation  of  12  millimetres  for  a 
current  of  10'^  amperes,  which  corresponds  on  the  movable  magnet  to  a  force 
of  3  X  10-'  dynes.  This  is  the  maximum  obtained  as  yet.  But  I  can  easily 
obtain  the  10"*  of  a  dyne ;  and  I  hope,  with  the  long  arm  constructed  for 
my  gravitation  experiment,  to  each  about  the  10'^  of  a  d^e. 

Now,  with  a  convenient  current,  let  us  produce  e(^uilibrium  between  the 
magnet  and  the  sphere.  We  will  record  it  by  the  position  of  a  spot  of  light 
reflected  by  a  mirror.  If,  then,  we  bring  near  to  the  sphere  a  heavy  sphere 
of  l^,  there  will  be  an  attraction  between  them ;  we  can  equilibrate  it  by 
inoeating  oonyeniently  the  current  in  the  «oil.    • 
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If  now  we  diop  the  heavy  sphere  of  lead  we  ^all  have  the  sudden  vaiiation 
requbred  for  the  e^riment. 

If  my  idea  is  nght  we  shall  observe  at  that  same  moment  an  impulsion  of  the 
spot  of  light  on  the  scale  in  the  direction  of  the  motion — that  is  to  say,  in  a  diree- 
turn  contrary  to  that  which  would  be  observed  if  the  assumed  effect  does  not  exist. 

llie  apparatos  for  ni«Ll«ng  the  experiment  is  now  ready»  and  I  hope  to  obtain 
results  before  long. 

I  will  point  out  that  astronomical  observaticms  cannot  answer  this  ques- 
tion, because  in  the  motions  of  the  planets  there  are  only  very  small  changes 
of  the  '  flux  of  gravitation ' ;  and,  besideSi  the  distances  are  enormous.  Moreover^ 
as  these  changes  would  be  always  reversed  in  the  course  of  a  complete 
revolution,  their  very  small  effects  would  neutralise  one  another. 


6.  A  Diacusdon  on  the  proposed  New  Unit  of  Preasu/re^  opened  by  a  Paper 
by  Dr.  C.  E.  Guillaumb. — ^For  Dr.  Guillaume's  FMoer  see  Bepc^ 
p.  71.  

7.  The  MicheUon-Morhy  Effect.    By  W.  M.  Hicks,  F.R.S. 

In  the  theory  of  this  experiment,  as  usually  presented,  no  account  is  taken  of 
the  alteration  in  wave  length  produced  by  reflection  from  a  moving  surface,  nor 
of  the  alteration  in  the  direction  of  incidence  as  the  drift  alters,  when  the  source 
of  light  is  fixed  to  the  apparatus.  When  this  is  done  it  follows  that  the  pheno- 
mena to  be  expected  are  not  precisely  the  same  as  those  usually  supposed,  and  in 
certain  cases  the  displacement  of  the  fringes  is  subject  to  a  quite  difierent  law. 
The  two  sets  of  interfering  waves,  when  there  is  drift,  have  not  the  same  wave 
length  in  space,  although  their  apparent  frequencies  at  any  point  moving  with  the 
apparatus  are  equal.  Consequently  interference  fringes  are  produced  on  a  screen 
which  is  fixed  to  the  apparatus,  and  these  fringes  are  displaced  a  certain  number  of 
bands  when  the  apparatus  drifts.  Usually,  however,  the  fringe  is  observed  by  an 
optical  apparatus  which  produces  an  image  on  the  retina.  But  the  two  inter- 
fering pencils  from  any  point  of  the  actual  fringe,  when  they  arrive  at  the  retina, 
have  a  different  phase-difference  from  that  at  the  original  point  Consequently 
the  image  of  the  central  bright  line  will  not  itself  be  a  bright  line.  The  central  bright 
band  on  the  retina  will  be  the  optical  image  of  another  point  on  the  original,  and 
the  fringe-image  shows  the  original  one  displaced  by  a  certain  amount  which 
alters  with  the  drift.  The  observed  displacement  is  therefore  the  resultant  of 
two  others,  one  of  which  may  in  certain  circumstances  ^uite  mask  the  other. 
Supposing  the  drift  of  the  i^paratus  to  be  comparable  with  that  of  the  eiuih's 
orbital  motion — say  10~*  times  that  of  light — it  was  shown  to  be  possible  that 
in  Michelson's  actual  experiment  the  arrangements  were  such  that  the  effect  he 
expected  was  quite  masked  by  the  other. 

8.  Tlie  Law  of  Radiation.    By  Dr.  J.  Larmor,  F.jR.S. 


9.  RadieUion  of  Heat  cmc?  Light  from  a  Heated  Solid  Body. 
By  Dr.  J.  T.  Bottomlby,  F.R.S, 

In  this  paper  an  account  is  ^ven  of  recent  ex^riments  on  radiation  of 
heat  and  li^t  from  a.  heated  soM  body  commencing  with  tiie  very  lowest 
temperature  at  which  a  heated  body  becomes  visible  and  proceeding  to-  tem- 
peratures i^nroaching  white  heat.  The  experiments  weia  made  on  pairs  of 
platinum  strips  speeiaUy  prepared  for  the  author  by  Messrs.  Johnson  &  Matthey. 
The  strips  were  1^  mm.  broad,  and  extremelv  thin.  One  of  each  pair  wa» 
highly  polished,  and  the  other  yms  cpated  with  lampblack.    The  {^ura  of  atzq^ 
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were  oontained  in  similar  glass  tubes,  which  were  connected  together  by  end 
tabe%  one  of  which,  was  connected  to  a  Sprengel  pump,  and  by  means  of  the 
SprengeL  pump  a  very  high  vacuum  was  obtained,  so  that  the  energy  lost  was 
antiraly  due  to  radiation ;  the  amount  of  heat  lost  by  convection  being  negligible. 
Thft  lowest  temperature  at  which  the  strip  becomes  visible  in  a  darkened  chamber 
ta  an  observer  who  has  remained  in  the  dark  for  some  time  in  order  that  his  eyes 
ma(F  attain,  perfect  sensitiveness  is  about  400^  C.  At  this  temperature  the 
blackened  atr^  loses  nearly  seven  times  as  much  enersy  as  the  polished  strip. 
As  the  temperature  rises  the  ratio  seems  to  fall,  while  the  light  given  oft 
paaaeato  duUaady  then  to  cherry  red,  and  finally  to  bright  red  approaching  white 

haat.  « 

Experiments  are  also  referred  to,  of  an  older  date,  in  which  pairs  of  wires, 
OBB  polished  and  the  other  sooted,  were  compared  at  the  same  temperature 
(udertad  from  the  resistance  of  the  wires). 

It  is  concluded  from  all  these  experiments  that  the  production  of  light  is 
^vastly  more  economical  when  the  surface  of  the  light-giving  body  is  bright  and 
highly  polished  than  when  it  is  dull  or  coated  with  lampblack. 


TUESDAY,   SEPTEMBER  17. 
The  Section  was  divided  into  two  Departments. 


Department  I. — Physics. 
The  following  Papers  were  read  :— 

1    On  the  Clustering  of  GramteUional  Master  in  any  part  of  the  Universe. 
By  Lord  Kelvin,  G.C.7,0,,  F.B.S. 

Grttvitoiional  matter,  according  to  our  ideas  of  universal  gravitation,  would  be 
all  mattee.  Now,  is  there  any  matter  which  is  not  subiect  to  the  law  of  gravita- 
tion? I  think  I  may  say  with  absolute  decision  that  there  is.  We  are  all 
com/vioeed,  with  our  President,  that  ether  is  matter,  but  we  are  forced  to  say  that 
the  Moperties  of  molar  matter  are  not  to  be  looked  for  in  ether  as  generally 
known  to  us  by  action  resulting  from  force  between  atoms  and  matter,  ether  and 
ether,  and  atoms  of  matter  and  ether.  Here  I  am  illogujal  when  I  say  between 
matter  and  ether,  as  if  etJier  were  not  matter.  It  is  to  avoid  an  illogical  phraseo- 
logy that  I  use  the  title  'gravitational  matter.'  Many  years  ago  I  gave  strong 
reason  to  feel  certain  that  ether  was  outside  the  law  of  gravitation.  We  need 
not  absolutely  exclude,  as  an  idea,  the  possibility  of  there  being  a  portion  of  space 
oecupied  by  ether  beyond  which  there  is  absolute  vacuum— no  ether  and  no 
matter.  We  admit  that  that  is  something  that  one  could  think  of ;  but  I  do 
not  bdieve  any  living  scientific  man  considers  it  in  the  slightest  degree  probable 
that  t^ere  is  a  boundary  around  our  universe  beyond  wmch  there  is  no  ether 
and  no  matter.  Well,  if  ether  extends  through  all  space,  then  it  is  certain 
that  ether  cannot  be  subject  to  the  law  of  mutual  gravitation  between  its 
pavts  because  if  it  were  subject  to  mutual  attraction  between  its  parts  its  equi- 
Sbidum  would  be  unstable,  unless  it  were  infinitely  incompressible.  But  here, 
aoaiit,  I  am  rominded  of  the  critical  character  of  the  ground  on  which  we  stand  in 
gmaking  of  properties  of  matter  beyond  what  we  see  or  feel  by  experiment. 
Itai  i^aid  I  must  here  express  a  view  different  from  that  which  Professor 
KindceB  announced  in  his  Address,  when  ho  said  that  continuity  of  matter  implied 
absolute  resistance  to  condensation.  We  have  no  right  to  bar  condensation  as 
a.  property  of  ether.  While  admitting  ether  not  to  have  any  atomic  struc- 
ture. It  is  postulated  as  a  material  which  performs  functions  of  which  we  know 
Bomething,  and  which  may  have  properties  allowing  it  to  perform  other  functions 
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of  which  we  are  not  yet  cognisant.  If  we  consider  ether  to  be  Ofiatter,  we 
postulate  that  it  has  rigidity  enough  for  the  vibrations  of  light,  but  we  have  no 
right  to  say  that  it  is  al»olutely  incompressible.  We^ust  acunit  that  sufficiently 
great  pressure  all  round  could  condense  the  ether  in  a  given  space,  allowing  the 
ether  in  surrounding  space  to  come  in  towards  the  ideal  shrinking  sur&ce.  When 
I  say  that  ether  must  oe  outside  the  law  of  gravitation,  I  assume  that  it  is  not 
infinitely  incompressible.  I  admit  that  if  it  were  infinitely  incompressible, 
it  might  be  subject  to  the  law  of  mutual  gravitation  between  its  parts ;  but  to 
my  mind  it  seems  infinitely  improbable  that  ether  is  infinitely  incompressible, 
and  it  appears  more  consistent  with  the  analogies  of  the  known  properties  of  molar 
matter,  which  should  be  our  guides,  to  suppose  that  ether  has  not  the  quality 
of  exerting  an  infinitely  great  force  against  compressing  action  of  gravitation. 
Hence,  if  we  assume  that  it  extends  through  all  space,  ether  must  be  outside 
the  law  of  gravitation — that  is  to  say,  truly  imponderable.  I  remember  the 
self-complacent  compassion  with  which  sixty  years  ago— I  myself,  I  am  afraid — 
and  most  of  the  teachers  of  that  time  looked  upon  the  ideas  of  the  elderly 
people  who  went  before  us,  who  spoke  of  '  the  imponderables.*  I  fear  that  in 
this,  as  in  a  great  many  other  things  in  science,  we  have  to  hark  back  to  the 
dark  ages  of  fifty,  sixty,  or  a  hundred  years  ago,  and  that  we  must  admit  there 
is  something  which  we  cannot  refuse  to  call  matter,  but  which  is  not  subject 
to  the  Newtonian  law  of  gravitation.  That  tiie  sun,  stars,  planets,  and  meteoric 
stones  are  all  of  them  ponderable  matter  is  true,  but  the  title  of  my  pap^  implies 
that  there  is  something  else.  Ether  is  not  any  part  of  the  subject  of  this  paper ; 
what  we  are  concerned  with  is  gravitational  matter,  ponderaole  matter.  EUier 
we  relegate,  not  to  a  limbo  of  in^ponderables,  but  to  distinct  species  of  matter 
which  have  inertia,  rigidity,  elasticity,  compressibility,  but  not  neaviness.  In  a 
paper  I  have  already  published  I  gave  strong  reasons  for  limiting  to  a  definite 
amount  the  quantity  of  matter  in  space  known  to  astronomers.  I  can  scarcely  avoid 
umng  the  word  '  universe,'  but  I  mean  our  universe,  which  may  be  a  very  small 
affair  after  all,  occupying  a  very  small  portion  of  all  the  space  in  which  uiere  is 
ponderable  matter. 

Supposing  a  sphere  of  radius  8*09.10'^  kilometres  (beii^  the  distance  at  which 
a  star  must  be  to  have  parallax  O'^-OOl)  to  have  within  it,  uniformly  distributed 
through  it,  a  quantity  of  matter  eaual  to  one  thousand  million  times  the  sun*s 
mass,  the  velocitv  acquired  by  a  Dody  placed  originally  at  rest  at  the  surface 
would,  in  five  million  years,  be  about  20  kilometres  per  second,  and  in  twenty-five 
million  years  would  be  108  kilometres  per  second  (if  the  acceleration  remained 
sensibly  constant  for  so  long  a  time).  Hence,  if  the  thousand  million  suns  had 
been  given  at  rest  twenty*five  million  years  ago,  imiformly  distributed  throughout 
the  supposed  sphere,  many  of  them  would  now  have  velocities  of  20  or  90  kilo- 
metres per  second,  while  some  would  have  less  and  some  probably  greater  velo- 
cities than  108  kilometres  per  second ;  or,  if  they  had  been  given  uiousands  of 
million  years  ago  at  rest  so  distributed  that  now  they  were  eaually  spaced 
throughout  the  supposed  sphere,  their  mean  velocity  would,  now  be  about  50  kilo- 
metres per  second.*  This  is  not  unlike  the  measured  velocities  of  stars,  and  henoe 
it  seems  probable  that  there  might  be  as  much  matter  as  one  thousand  miRion 
suns  within  the  distance  3*09.10^^  kilometres.  The  same  reasoning  shows  that  ten 
thousand  million  suns  in  the  same  sphere  would  produce  velocities  fiir  greater  than 
the  known  star  velocities,  and  hence  there  is  probably  much  less  than  ten  thousand 
million  times  the  sun's  mass  in  the  sphere  considered.  A  general  theorem  dis- 
covered by  Green  seventy-three  years  ago  regarding  force  at  a  surface  of  any 
shape,  due  to  matter  (gravitational,  or  ideal  electric,  or  ideal  magnetic)  acting 
according  to  the  Newtonian  law  of  the  inverse  square  of  the  distance,  shows  that 
a  non-umform  distribution  of  the  same  total  quantity  of  matter  would  inve 
greater  velocities  than  would  the  uniform  distribution.  Hence  we  cannot,  by  any 
non-uniform  distribution  of  matter  within  the  supposed  sphere  of  3*09.10'*  kilo- 
metres radius,  escape  from  the  conclusion  limiting  the  total  amount  of  the  matter 
witi^n  it  to  something  like  one  thousand  miUion  times  the  sun's  mass. 
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If  we  compare  ihe  sunlight  with  the  light  from  the  thousand  million 
Stars,  each  being  supposed  to  be  of  the  same  size  and  brightness  as  our  sun,  we 
find  that  the  ratio  of  the  anparent  brightness  of  the  star- lit  sky  to  the  bright- 
ness  of  our  sun's  disc  would  be  8'87.10"*'.  This  ratio  ^  varies  directly  with 
the  radius  of  the  containing  sphere,  the  number  of  equal  globes  per  equal  volume 
being  supposed  constant ;  and  nence  to  make  the  sum  of  the  apparent  area  of  discs 
3*87  per  cent,  of  the  whole  sky,  the  radius  must  be  3*09.1(r^  kilometres.  With 
this  radius  Ikht  would  take  3^.10^^  years  to  travel  from  the  outlying  stars  to 
the  centre.  Irrefragable  dynamics  proves  that  the  life  of  our  sun  as  a  luminary 
is  probably  between  fifty  and  100  million  years ;  but  to  be  liberal,  suppose  each  of 
our  stars  to  have  a  life  of  100  million  years  as  a  luminary,  and  it  is  foimd  that 
the  time  taken  by  light  to  travel  from  the  outlying  stars  to  the  centre  of  the 
spliere  is  three  and  a  quarter  million  times  the  life  of  a  star.  Hence  it  follows  , 
that  to  make  the  whole  sky  aglow  with  the  light  of  aU  the  stars  at  the  same  time 
the  commencements  of  the  stars  must  be  timed  earlier  and  earlier  for  the  more  and 
more  distant  ones,  so  that  the  time  of  the  arrival  of  the  light  of  every  one  of 
them  at  the  earth  may  fall  within  the  durations  of  the  lights  of  all  the  others  at 
the  earth.  My  supposition  as  to  uniform  density  is  quite  arbitrary;  but  never- 
theless I  think  it  highly  improbable  that  there  can  be  enough  of  stars  (bright  or 
dark^  to  make  a  total  of  star-disc  area  more  than  10~'*  or  10^"  of  the  whole  skjr. 

To  help  to  understand  the  density  of  the  supposed  distribuaon  of  1,000  million 
suns  in  a  sphere  of  3*09.10'^  kilometres  radius,  imagine  them  arranged  exactly  in 
cubic  order,  and  the  volume  per  sun  is  found  to  be  123*5.10'®  cubic  kilometres, 
and  the  distance  from  one  star  to  any  one  of  its  six  nearest  neighbours  would  be 
4*98.10^^  kilometres.  The  sun  seen  at  this  distance  would  probably  be  seen  as  a 
star  of  between  the  first  and  second  magnitude ;  but  supposing  our  1,000  million 
suns  to  be  all  of  such  brightness  as  to  be  stars  of  the  first  magnitude  at  distance 
corresponding  to  parallax  1'''0,  the  brightness  at  distance  3*09. 10'"  kilometres 
would  be  one  one-millionth  of  this ;  and  the  most  distant  of  our  stars  would  be 
seen  through  powerful  telescopes  as  stars  of  the  sixteenth  magnitude.  Newcomb 
estimated  from  thirty  to  fifty  million  as  the  number  of  stars  visible  in  modem 
telescopes.  Young  estimated  at  100  million  the  number  visible  through  the  Lick 
telescope.  This  larger  estimate  is  only  one  tenth  of  our  assumed  1,000  million 
masses  equal  to  the  sun,  of  which,  however,  900  million  might  ba  either  non- 
luminous,  or,  though  luminous,  too  distant  to  be  seen  by  us  at  their  actual 
distances  from  the  earth.  Eemark,  also,  that  it  is  only  for  facility  of  counting 
that  we'have  reckoned  our  universe  as  1,000  million  suns ;  and  that  the  meaning 
of  our  reckoning  is  that  the  total  amount  of  matter  within  a  sphere  of  3*09.10^'^ 
kilometres  radius  is  1,000  million  times  the  sun's  mass.  The  sun's  mass  is 
1-99.10*^^  metric  tons,  or  1 '99.10^"*  grammes.  Hence  our  reckoning  of  our  sup- 
posed spherical  universe  is  that  the  ponderable  part  of  it  amounts  to  1*99.10*' 
grammes,  or  that  its  average  density  is  1*61.10~''  of  the  density  of  water. 

Let  us  now  return  to  the  question  of  sum  of  apparent  areas.  The  ratio  of 
this  sum  to  4ir,  the  total  apparent  area  of  the  sky  viewed  in  all  directions,  is  given 

by  the  formula':  a  =«    --(-j,    provided  its  amount  is  so  small  a  fraction  of 

unity  that  its  diminution  by  eclipses,  total  or  partial,  may  be  neglected.  In 
this  formula,  N  is  a  number  of  glooes  of  radius  a  uniformly  distributed  within  a 
spherical  surface  of  radius  r.  For  the  same  quantity  of  matter  in  N'  globes  of  the 
same  density,  uniformly  distributed  through  the  same  sphere  of  radius  r,  we  have 

^-  =  f''^' and  therefore  "'  =  -.    With  N  =  W,  r  =  3*09.10'«  kilometres;  and 

a  (the  sun's  radius)  =7.10'  kilometres;  wo  had  a  -  3*87.10~'^.  Hence 
a' =  7  kilometres  gives  a' -  3*87.10-® ;  and  a"  =  l  centimetre  gives  a"  =  1/36-9. 
Hence  if  the  whole  mass  of  our  supposed  universe  were  reduced  to  globules  of 
density  1*4  (being  the  sun^s  mean  density),  and  of  2  centimetres  diameter,  dis- 
tributed uniformly  through  a  sphere  of  3*09.10^^  kilometres  radius,  an  eye  at  the 
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centre  of  this  sphere  would  lose  only  1/36-9  of  the  light  of  A  loffiiiarf  outeidtf  it ! 
The  smalhiess  of  this  loss  is  easily  nndeVBtood  when  we  consider  that  there  k  i»Ay 
ond  globule  of  2  centimetres  diameter  per  360,000,000  cuhic  kilometres  of  space,  in 
our  supposed  universe  reduced  to  globules  of  2  centimetres  diameter.  CoMn^  wkk 
the  total  eclipse  of  the  sun  by  a  natural  cloud  of  water  spherules,  or  by  tlte  dead 
of  smoke  from  the  funnel  of  a  steamer. 

Let  now  all  the  matter  in  our  supposed  unirerse  be  reduced  to  atom  (Kterallj 
brought  back  to  its  probable  earliest  condition).  Through  a  sphere  of  iwros  r  let 
f^toms  be  distributed  uniformly  in  respect  to  gravitational  quali^.  It  is  to  be 
understood  that  the  condition  '  uniformly '  is  fulfilled  If  eqnirolumiiial  globcdar  or 
cubic  portions,  small  in  comparison  with  the  whole  sphere,  but  laige  enough  to 
contain  large  numbers  of  the  atoms,  contain  equal  total  masses,  reckoned  gravitt- 
tionally,  whether  the  atoms  themselves  are  of  equal  or  unequal  masses,  or  of 
similar  or  dissimilar  chemical  qualities.  As  long  as  this  condition  is  fulfilled,  each 
atom  experiences  very  approximately  the  same  force  as  if  the  whole  matter  wet© 
infinitely  fine-grained,  that  is  to  say,  utterly  homogeneous. 

Let  us  therefore  begin  with  a  uniform  sphere  of  matter  of  density  pr,  gnrlta* 
tional  reckoning,  with  no  mutual  forces  except  gravitation  between  ha  paits,  giren 
with  every  part  at  rest  at  the  initial  instant ;  and  let  it  be  required  to  find  the 
subsequent  motion.  Imagining  the  whole  divided  into  infinitely  thin  concentric 
spherical  shells,  we  see  that  every  one  of  them  falls  inwards,  as  il^  attracted  by  the 
Whole  mass  within  it  collected  at  the  centre.  Hence  our  problem  is  reduced  to 
the  well-known  students'  exercise  of  finding  the  rectilinear  motion  of  a  putide 
attracted  according  to  the  inverse  square  of  the  distance  fh)m  a  fixed  point.    Let 

:ro  be  the  initial  distance,  -— ^  oTq'  the  attracting  mass,  v  and  x  the  velodty  Mid 
o 

distance  firom  the  centre  at  time  t.    The  solution  of  the  problem  for  the  time- 

during  which  the  particle  is  falling  towards  the  centre  is 


and 


tehere  3  denotes  the  acute  angle  whose  sine  is  a  /  -  .     This  shows  that  the  tuner 

of  falling  through  any  proportion  of  the  initial  distance  is  the  same  whaterer  be 
the  initial  distance ;  and  tnat  the  time  (which  we  shall  denote  by  T)  of  falling  to 

the  centre  is  ^A/o^  •     Hence  in  our  problem  of  homogeneous  gravitational 

matter  given  at  rest  within  a  spherical  surface  and  left  to  fall  inwards,  the 
augmenting  density  remains  homogeneous,  and  the  time  of  shrinkage  to  any 
stated  proportion  of  the  initial  radius  is  inversely  as  the  square  root  of  the 
density. 

To  apply  this  result  to  the  supposed  spherical  universe  of  radius  3*09.10**^ 
kilometres,  and  mass  equal  to  a  thousand  million  times  the  mttss  of  our  sun,  we 
find  the  gravitational  attraction  on  a  body  at  its  surface  gives  aoeeleratiott  of 
1*37.IC~~^^  kilometres  per  second  per  second.    This  there&re  is  tftte  tialue  of 

^-B.  a-Qf  with  one  second  as  the  unit  of  time  and  one  kilometre  as  the  unit  of 

3 
distance;   and  we  find  T» 52*8.10^^  seconds «16'8  million  years.     Thna  ont 
formulas  become 


giving 


J^r»-l•37.10-^^ro('^'>-.l) 
t;  =  5-23.10-^yav.(^ri) 
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and 

<-62-8.10"[l-^(l.  «°^^)] 

'whence,  when  sin  6  is  very  small, 

Let  now,  for  example,  .r„ « 3*O0.1O***  Ulometren,  and  **';=«10^;    and,   therefm^^ 

sin^a^aSie.lO-*  5       whence,     »  =  ^1,000     kilometres     per     second,     and 
tmT— 7,080  seconds  - T - 2  hours  i^proximatelv. 

By  theae  results  it  is  most  mteresting  to  know  that  our  supposed  sphere  of 
perfectly  ooanpressible  fluid,  beginning  at  rest  with  density  I'OlJO"^  of  that  of 
water,  and  of  any  magnitude  laige  or  small,  and  left  unclogged  by  ether  to  shrink 
under  the  influence  of  mutual  gravitation  of  its  parts,  wouldtaJke  nearly  seventeen 
mUlion  yeata  to  reach  -0161  of  the  density  of  water,  and  about  two  hours  longer 
to  shrink  to  infinite  density  at  its  centre.  It  is  interesting  also  to  know  that  if 
the  initial  radius  is  3*09. 10"*  kilometres,  the  inward  velocity  of  the  surface  is 
291,000  kilometres  per  second  at  the  instant  when  its  radius  is  3*09.10"  and  its 
density  *0161  of  that  of  water.  If  now,  instead  of  an  ideal  compressible  fluid,  we 
go  back  to  atoms  of  ordinary  matter  of  all  kinds  as  the  primitive  occupants  of 
our  sphere  of  3*09.10"  kilometres  radius,  all  these  conclusions,  provided  all  the 
velocities  are  less  than  the  velocity  of  lig^t,  would  still  hold,  notwithstanding  the 
ether  occupving  the  space  through  which  the  atoms  move.  This  would,  I  believe/ 
exercise  no  resistance  whatever  to  uniform  motion  of  an  atom  through  it ;  but  it 
would  certainly  add  qiuisi^nertia  to  the  intrinsic  Newtonian  inertia  of  the  atom 
itself  moving  through  ideal  space  void  of  ether;  which,  according  to  the  New- 
tonian law,  would  be  exactly  in  proportion  to  the  amotuit  of  its  gravitationi^l 
quality.  Tlie  additional  ^uasi- inertia  must  be  exceedingly  small  in  comparison 
with  the  Ne^ix)nian  inertia,  as  is  demonstrated  by  the  Newtonian  proofe,  mclttd* 
ing  that  founded  on  Kepler's  laws  for  the  groups  of  atoms  constituting  the  planets, 
and  movable  bodies  experimented  on  at  the  earth's  surface. 

In  one  thousand  seconds  of  time  after  the  density*0)61  of  the  density  of  water 
is  readied,  the  inward  surface  velocity  would  be  305,000  kilometres  pe^  second, 
or  greater  than  the  velocity  of  light  j  and  the  whole  surface  of  our  condensing 
^lobe  of  gas  or  vapour  or  crowd  of  atoms  would  bef^in  to  glow,  shedding  light 
inwards  and  outwards.  All  this  is  absolutely  realistic,  except  the  assumption  of 
uniform  distribution  through  a  sphere  of  tlie  enormous  lamns  of  3*09.10'**  kilo- 
metres, which  we  adopted  temporarily  for  illustrational  purpose.  The  enormously 
great  velocity  (291,000  kilometres  vet  second)  and  rate  of  acceleration  (18*7  kilo- 
metres per  second  per  second)  of  the  boundary  inwards,  which  we  foimd  at  the 
instant  of  density  '0161  of  that  of  water,  are  due  to  greatness  of  the  primitive 
radius,  and  the  uniformity  of  density  in  the  primitive  distribution. 

To  come  to  reality,  according  to  the  most  probalde  judgment  present  knon- 
ledge  allows  us  to  form,  suppose  at  many  millions,  or  thousands  of  millions,  or 
millions  of  millions  of  years  ago,  all  the  matter  in  the  universe  to  have  been 
atoms  very  nearly  at  rest^  or  quite  at  rest;  more  densely  diatfibBtod  in  some 
places  than  in  others,  of  infinitely  small  average  density  through  the  whole  of 
infinite  space.  In  regions  where  the  density  was  then  greater  tlum  in  neighbour- 
ing regions,  the  density  would  become  greater  atiU  \  in  places  of  less  dei^y,  the 

*  On  the  Motion  produced  in  an  Infinite  Elastic  Solid  by  the  Mofcioii  throag h 
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density  will  become  less ;  and  large  regions  will  quickly  1)ecoine  void  or  nearly 
void  of  atoms.  These  large  void  regions  would  extend  so  as  to  completely  sur- 
round regpions  of  greater  density.  In  some  part  or  parts  of  each  cluster  of  atoms, 
thoa  isolated,  condensation  would  go  on  by  motions  in  all  directions  not  ffenerally 
conveivent  to  points,  and  with  no  perceptible  mutual  influence  between  the  atoms 
untU  the  density  becomes  something  like  10~^  of  our  ordinary  atmospheric  density, 
when  mutual  influence  by  collisions  would  begin  to  become  practically  effective. 
Each  collision  would  give  rise  to  a  train  of  waves  in  ether.  These  waves  would 
carry  away  enerffy,  spreading  it  out  through  the  void  ether  of  infinite  space.  The 
loss  of  ener^,  thus  taken  away  from  the  atoms,  would  reduce  large  condensing 
idusters  to  the  condition  of  gas  in  equilibrium  ^  under  the  influence  of  its  own 
gravity  only,  or  rotating  like  our  sun  or  moving  at  moderate  speeds  as  in  spiral 
nebulas,  &c.  Gravitational  condensation  would  at  first  produce  rise  of  tempera- 
ture, followed  later  by  cooling  and  ultimately  freezing,  giving  solid  bodies; 
collisions  between  which  wiU  produce  meteoric  stones  such  as  we  see  them.  We 
cannot  regard  as  probable  that  these  lumps  of  broken-looking  solid  matter  (some- 
thing like  the  broken  stones  used  on  our  macadamised  roads)  are  primitive  forms 
in  wnich  matter  was  created.  Hence  we  are  forced,  in  this  twentieth  century,  to 
views  regarding  the  atomic  origin  of  all  things  closely  resemblinfi^  those  presented 
by  Democritus,  Epicurus,  and  their  majestic  Koman  poetic  expositor,  Lucretius. 


2.  A  Discussion  on  Glass  used  for  Scientific  Purposes, 
Opened  by  a  Paper  by  Dr.  R.  T.  Glazebrook,  F.R.S. 


3.  TJiA  Brush  Grating  and  the  Law  of  its  Optical  Action^ 
By  John  Kerb,  XX.i>.,  F.KS. 

l^ure  water  is  rendered  slightl;^  hazy  by  holding  in  suspension  a  small  quantity 
of  chemically  precipitated  and  invisibly  fine  particles  of  FegO. ;  this  liquid  placed 
in  a  uniform  and  moderately  strong  magnetic  field  gives  the  best  known  example 
of  the  Brush  gratiny.  The  water  is  understood  to  be  traversed  throughout  ita 
'  mass  by  a  set  of  invisibly  fine  filaments  of  solid  particles,  all  straight  and  parallel. 
When  this  medium  is  examined  in  the  polariscope  the  vibrations  transmitted  are 
always  perpendicular  to  the  filaments. 

The  action  of  the  Brush  grating  comes  out  in  experiment  as  twofold:  (1)  a 
negative  double  refraction  with  filament  for  optic  axis ;  (2)  a  selective  absorption 
of  the  extraordinary  ray.  The  phenomena  are  quite  regular,  and  as  pure  as  any 
that  are  given  by  good  crystals,  but  upon  a  comparatively  small  scale  of  intendty. 
The  simplest  statement  of  the  law  of  the  action  is  that  when  light  passes  through 
the  Brush  grating  the  Fresnel  vibrations  parallel  to  the  filaments  are  the  most 
absorbed,  and  those  perpendicular  to  the  filaments  the  most  retarded. 

It  is  interesting,  and  may  be  useful,  to  compare  the  new  medium  with  the 
numerous  media  known  in  optics  as  the  coloured  birefringent  crystals :  and  also 
with  Hertz's  grating  of  parallel  wires,  used  as  a  transmitter  and  absorber  of 
electric  waves. 

4.  The  Effect  of  Errors  in  RvXing  on  the  Appearance  of  a  Diffraction 
Grating.    By  H.  S.  Allen,  M,A.^  B.Sc. 

If  a  spectroscope  is  adjusted  to  view  a  single  spectral  line,  and  the  eye-piece  of 
the  observing  telescope  is  removed,  the  diffraction  grating  is  seen  illuminated  by 
monochromatic  light;  but  in  general  the  image  is  crossed  by  a  number  of  dark 
bands  parallel  to  the  rulings  on  the  gratbg.  The  bands  may  be  better  studied  by 
focuswng  the  observing  telescope  on  the  surface  of  the  grating  instead  of  on  the 

I  Homer  I^e,  AmerUum  Jowrml  iff  Science,  1870,  p.  67;  Sir  W.  Thomson, 
i>;«7iJrfly.,  March  1887,  p.  287. 
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slit  of  tlie  coUImAtor.  The  object  of  the  paper  is  to  explain  the  mode  of  fonnatioii 
of  these  bands. 

In  an  absolutely  perfect  grating  all  the  light  going  to  form  the  spectral  line 
of  any  particular  order  is  brought  to  a  single  focus  by  the  objective  of  the  telescope, 
and  tne  emergent  cone  of  light  is  bounded  by  the  image  of  the  ^tin^  formed  by 
the  objective  (the  distance  oetween  the  grating  and  the  objective  bemg  greater 
than  {he  focal  length).  In  the  case  of  a  gratinf^  containing  two  rulings  differing 
by  a  small  amount  the  light  from  each  portion  will  m  brought  to  its  own 
appropriate  focus,  and  the  two  emergent  cones  of  light  will  be  bounded  by  the 
corresponding  parts  of  the  image  of  the  grating.  A  screen  placed  in  the  position 
of  this  image  would  be  uniformly  illuminated,  but  if  it  were  moved  nearer  to  the 
lens  the  boundary  between  the  two  rulings  would  receive  light  from  both  the  cones 
or  from  neither  of  them,  according  to  the  relative  positions  of  the  foci.  If  the 
screen  were  moved  further  from  the  lens  the  effect  would  be  exactly  reversed,  so 
that  a  light  band  in  one  cas^  becomes  a  dark  band  in  tho  other. 

The  theoretical  results,  which  have  been  verified  by  observation,  may  be 
summarised  as  follows : — 

Orders  on  the  right  of  the  central  image  (the  observer  is  supposed  to  be  facing 
the  gratinff). — Case  1.  In  passing  fvom  a  wide  to  a  narrow  ruling  in  going  from 
left  to  right.    Focus  in,  light  band.     Focus  out,  dark  band. 

Case  2.  In  nassing  ftom  a  narrow  to  a  wide  ruling  in  going  from  left  to  right* 
Focus  in,  dark  band.    Focus  out,  light  band. 

Orders  on  the  left  of  the  central  imagC'^Th^  results  just  given  must  bo 
reversed* 

The  bands  disappear  when  the  telescope  is  focusaed  exactly  on  the  grating. 


5.  On  a  new  Electromagnet  a/rvi  an  Echelon  Spectroscope  for  Magneto-optic 
ObservcUions.    By  Professor  A.  Gray,  F,X,S.i  and  Dr.  W.  Stewart, 


6.  On  Resolving  Power  in  the  Microscope  cmd  Telescope, 
By  Professor  J.  D.  Everett,  F.R,S. 

The  author  maintains,  in  opposition  to  the  view  put  forward  in  standard  books 
on  the  microscope,  that  resolvmp^  power,  whether  in  the  microscope  or  the  tele- 
scope, depends  simply  on  keening  down  the  size  of  the  disc  wnich,  owing  to 
diffiraction,  is  the  image  formea  by  the  objective  of  a  luminous  point  of  the  object. 
The  illumination  of  de  disc  diminishes  irom  the  centre  outwards  according  to  a 
well-known  law,  first  worked  out  by  Airy,  becoming  zero  at  a  definite  distonce ; 
but  for  a  considerable  distance  within  this  limit  the  illumination  is  too  faint  to  be 
appreciable,  and  the  visible  size  of  the  disc  therefore  increases  with  the  brightness 
or  the  luminous  pomt  which  is  imaged.  The  radius  of  the  disc,  reckoned  up  to 
the  theoretical  limit  of  zero  illumination,  is  directly  as  the  wave-length  of  the 
light  employed,  and  inversely  as  the  sine  of  the  semivertical  angle  of  the  cone  of 
rays  which  emerges  from  the  objective.  The  effect  of  large  aperture  in  the  teler 
scope,  or  of  large  N.A.  in  the  microscope,  is  to  increase  the  sine  of  this  angle,  and 
in  the  same  proportion  to  increase  the  nneness  of  representation. 

Dawes'  results  for  the  closeness  of  double  stars  which  can  be  just  separated  by 
a  given  objective  lead  to  the  ccniclusion  that  the  two  discs,  corresponding  to  the 
two  nearly  equal  components  of  the  star,  can  be  just  recognised  as  two  when  the 
illumination  due  to  one  at  the  centre  of  the  other  is  about  ^  of  the  central 
illumination ;  and  Abbe's  determinations  of  the  resolving  powers  of  microscopical 
objectives,  as  dependent  on  N.A.,  lead  to  exactly  the  same  conclusion  for  the 
microscope,  an  a^ement  which  seems  to  have  hitherto  escaped  attention. 

Abbcrs  own  view,  as  stated  in  the  concluding  sentence  of  his  Paper  to  the 
Royal  Microscopical  Society  (vol.  i.  1881,  p.  423),  is:— 

*  The  very  first  step  of  every  understanding  of  the  microscope  is  to  abandoi^ 
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t^  ggatttitoua  •saumptioiiof  our  aocestors  that  miccoscopioal  viaon  iaan  imitation 
of  maoroscopical,  and  to  become  &miliar  with  the  idea  that  it  ia  a  thing  nti 

Tim  view  has  since  been  somewhat  toned  down ;  but  he  still  maintains  that, 
m  the  oasa  of  such  an  object  as  a  diatom,  theie  is  praoticaUj  a  superposition  of 
two  images,  one  dapioting  the  coarse  outlines  and  the  other  the  fine  details.' 

It  is  of  oouEse  legitimate  to  mentally  divide  phenomena  into  two  classes  ibr 
oonyeniemM  of  treatment ;  but  Huygens*  principle  applies  equally  to  the  fine  and 
tha  Qoarsa  parts  of  an  object ;  and  there  is  no  way  of  obtaininfi'  true  representation 
9f  foe  details,  except  bv  giving  smallness  to  the  discs  whidi  are  the  images  of 
pointy  SMing  that  the  whola  image,  coarse  and  fine  parts  alike,  is  built  up  of  thesd 
discs. 

An  important  point,  which  is  merely  presented  as  an  empirical  fiact  in  books  on 
^  micToaoopSy  is  the  enormous  benefit  derived,  in  fine  work,  from  employing  a 
sub-stage  condenser  of  hijgfh  quality  to  throw  upon  the  object  the  sharpest  possible 
anhsomatic  inuiga  of  a  limited  portion  of  the  source  of  illumination,  an  iris  dia- 
phragm, close  to  the  condenser,  being  employed  to  assbt  in  the  limitation.  The 
reason  of  the  benefit  is  that  the  influence  of  large  aperture  in  reducing  the  aize  of 
the  discs  which  build  up  the  image  depends  on  the  capabilitr  of  mutual  inters 
ibrenoe  between  all  points  of  a  wave-6uriiM)e  sent  by  a  point  of  the  ol^eirt  to  tiM 
focus.  Two  distant  portiona  of  the  surface  cannot  interfere,  if  they  are  derived 
from  dbtmetiy  difimat  parts  of  the  source  of  ilhuninatioii.  For  purpoeee  of 
resolution,  aperture  counts  only  so  far  as  it  receives  iUnmination  mm  one  mmi 
the  same  souroe.  If  the  four  quadrants  of  an  aperture  are  illuminated  by  four 
separate  sources,  they  wiU  give,  instead  of  a  single  small  round  spot,  four  iMger 
spota  partially  ovexla^mng. 

A  subsidiary  benefit  conferred  by  accurate  focussing  of  the  source  on  the 
object  is  the  prevention  of  the  spurious  patterns  which  are  formed  by  the  inter* 
ference  q£  ligAt  sent  from  a  single  point  of  the  source  to  difierent  markings  on  an 
object. 

7.  On  HiA  Interference  of  Light  Jroni  Independetit  Sources, 
By  G.  Johnstone  Stonky,  if.^.,  i>.&.,  F.R  S. 

In  the  course  of  an  inquiry  into  the  distribution  of  light  by  visible  objects  the 
fact  has  emerged  that  lights  from  independmit  sources  c«i  be  made  to  interfero, 
whatever  be  tneir  phases  and  states  of  polarisation. 

^  The  present  abstract  is  in  reference  to  this  pcunt.  To  make  it  suffieiently^  brief, 
it  ia  limited  to  explaining  the  method  of  proof  and  giving  (me  ap[diMtKm  to  a 
case  which  is  easil^  dealt  with,  and  where  the  result  can  be  verified  experimeBtally . 

The  investigation  starts  from  the  admitted  fact  that  in  a  transpar^it  isotn^^ 
medium  the  undulation  spreading  outwards  from  each  punctum,  ot  vimble  poin^,  ia 
a  train  of  waves  of  alternating  electro-magnetic  stresses  of  which  the  wave-WNita  afe 
sur&ces  that  are  nearly  spheres,  or  portions  of  spheres,  eoncentrie  witk  the 
punctum,  and  enlarging  with  the  speed  of  light  in  the  medium. 

Electro-magnetic  stresses  require  an  expenditure  of  energy  to  prodnee  thoM  <» 
il^  alter  them,  and  in  other  respects  there  are  analogies  between  the  dectaioal 
events  with  which  we  shall  have  to  deal  and  dynami^  evento.  Aocoidingly,  aa 
we  have  a  fuller  nomenclature  of  dynamical  than  of  electrical  evests  it  wm  be 
convenient  to  speak  of  changes  of  electro-magnetic  stress  as  motions  in  the  medium^ 
of  the  cause  of  an  alteration  of  the  rate  of  change  as  a  force,  and  so  on,  for  tfcia 
purpose  employing  liieee  and  other  dynamical  terms  in  a  stifficieitly  gMeialised 
senae. 

We  shall  also  have  to  aaaume  that  it  is  legitimate  to  apply  the  ptiaeiple  of 
reversal  to  electrical  as  to  dynamical  events. 

Let  us  take  a  definite  case,  and  suppose  that  P,  a  punctum  (xt  smaU  sowee  of 
light,  is  situated  at  a  point /in  the  open  aether,  from  which  it  vsdiateil^g;ito  of  wave 

*  Ctw^iter  im  the  Microscope,  8th  edition,  p.  64. 
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]tmgtk  X  io  some  or  in  all  directions.  P  probably  acts  somewluit  like  a  Hiertiiaa 
vdbnitor ;  tot  whatever  be  its  modus  opm'andi  it  is  an  agent  which  nuikesa  disturbance 
in  the  SBther  and  sets  up  what  we  may  call  turmoil  in  its  immediate  neighbour- 
bood.  This  tunaoml  is  of  aqpecial  kind,  its  aotion  on  the  aathw  beyond  adding 
wa¥e  after  wave  to  an  undulation  of  regular  wayes,  which  advances  outwards. 

It  is  this  undulation  of  regular  waves  beyond  the  region  of  turmoil  that  is  the 
li|i^  radiated  &om  P, 

The  ather  is  competent  to  propa^te  these  waves  forward  without  external  aid 
and  by  reason  of  £Dices  developed  within  itself  when  strained ;  but  the  turmoil  in 
the  viouiity  of  P  requires  that  forces  supplied  by  P  shall  co-operate  with  the  forces 
dev^t^Md  ia  the  medium  to  keep  it  going.  If  P  ceased  to  maintain  it,  the 
tiimum  would  quickly  disappear  alter  expending  whatever  energy  had  been  stored 
up  in  it  in  adding  a  few  additional  waves  to  the  inner  fringe  of  the  great  undula- 
tion  travelling  outwards. 

Let  us  draw  round /a  tiny  sphere  with  radius  p,  which  we  may  call  sphere  p, 
just  sufficiently  laijgie  to  induae  the  region  of  turmoQ.  In  the  case  of  light,  one  or 
two  wave  lengths  is  a  sufficient  radius  for  this  sphere,  since  beyond  that  short 
distance  the  events  in  the  ssther  do  not  differ  sensibly  from  regular  wave-motion. 

P,  whiah  emits  the  light,  is  a  portion  of  the  non-«ither.  It  is  a  '  source ' 
throuji^  whiah  energy  is  tranaferred  nrom  the  non-ffither  to  the  aether.  By  reason 
oi  its  jmaaace  the  sdtber  is  not  a  ^  self-contained  ^stem '  of  the  kind  which  is 
necessary  to  justify  an  application  to  it  of  the  principle  of  reversal.  But  we  can 
bring  ablout  this  requisite  state  of  isolation  by  supposing  that  P^  after  having 
anbkted  light  iax  a  di^nite  time,  say  for  one  minute,  not  only  ceases  to  emit  light, 
but  ceases  to  exist.  This  total  suppression  of  P  cuts  on  the  communication 
between  the  ^ther  and  the  non*»ther,  and  thmuseforward  the  aether  is  a  self- 
omtained  system  in  which  we  may  investigate  ihe  further  progress  of  events  by 
employing  the  principle  of  reversal.  It  will  be  convenient  to  divide  time  into 
eqiul  uoiterva2»-~8ay  into  minutes — and  the  definite  supposition  we  shall  make  is 
that  P  emits  light  of  wave  length  X  from  the  epoch  ^  =»  0  till  the  epoch  t  s  one 
minute^  and  that  at  the  close  of  this  period  all  the  contents  of  the  sphere  p,  indnding 
P  and  dba  disturbed  lether  near  it,  are  suddenly  annihilated,  ana  quiescent  »ther 
puli  in  their  pUce. 

By  the  end  of  the  first  minute,  when  these  events  are  supposed  to  take  place, 
Iha  undulation  beyond  sphere  p  has  extended  to  a  distance  from/,  which  is  about 
fiHTty-sevan  times  the  distance  from  the  earth  to  the  moon.  After  those  events 
take  place,  the  undulation  continues  to  advance  outwards;  and  we  may  now 
empiloy  upon  it  the  principle  of  reversal,  with  the  advantage  of  being  at  liberty 
to  coimne  the  reversal  to  the  reversal  of  motions  in  the  cether.  This  provides  us 
with  the  means  of  investigating  events  after  the  first  minute. 

We  mav  also  include  the  events  of  the  first  minute  by  introducing  two 
leversals;  siooe  b^  this  contrivance  we  can  succeed  in  reproducing  under  the  new 
eondilions,  i^,,  within  a  self-contained  cether,  precisely  the  same  undulation  as 
existed  during  the  first  minute  while  P  was  emitting  light.  To  this  end  let  us 
'fTiy"^  tiie  undulation  to  continue  its  outward  journey  for  any  convenient  period 
— aay  for  two  minutes  after  the  annihilation  of  the  contents  of  sphere  p.  This 
hrinM  ua  to  the  epoch  ^»  three  minutes.  At  this  instant  let  reversal  of  all 
mfftmvg  in  the  asther  take  place.  The  outflowing  waves  then  retrace  their  steps, 
so  that  after  the  reversal  the  undulation  becomes  light  converging  towards  the 
Iboiis/.  When  the  time  t  =  eight  minutes  arrives  the  undulation  has  not  onl^  con- 
verged upon  /,  but  after  passing  that  focus  it  has  become  an  undulation  of 
divergent  spherical  waves,  each  part  of  the  undulation  when  passing  the  focus 
havinff  crossed  to  the  opposite  side  of/.  At  the  instant  ^=i  eight  minutes  let  a 
second  reversal  of  all  motions  in  the  aether  take  place.  The  light  which,  im- 
mediately before  this  second  reversal,  was  diverging  from  /  agun  becomes 
convergent,  and  within  the  period  from  ^  =  ten  minutes  to  ^  a  eleven  minutes 
each  spherical  wave  for  the  second  time  passes  the  focus  and  becomes  divergent, 
and  each  of  these  divergent  waves  now  finds  itself  under  such  circumstances  that 
80  soon  as  it  gets  beyond  little  sphere  p  it  becomes  for  all  future  time  an  exact 
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repetition  of  what  the  oorieaponding  actual  wave  emitted  hj  P  in  the  first 
minute  was,  and  what  it  would  have  continued  to  be  if  neither  reversal  had  taken 
place. 

Hitherto  we  have  only  dealt  with  the  undulation  as  an  undulation  of  spherical 
waves.  Let  ua  now  go  again  over  the  same  ground,  and  avail  ourselves  of  its 
being  legitimate  to  resolve  the  light  into  wavelets  by  Huygens's  theorem. 

uk  addition  to  little  sphere  p,  let  us  draw  round  /  two  other  spheres  with 
radii  r  and  R^  r  being  some  moderate  length  such  as  a  metre,  and  R  a  much 
greater  length,  such  as  two  or  three  metro-tens.'  We  shall  find  it  convenient  to 
imagine  other  spheres  to  bo  also  described  round  /,  viz.,  the  series  widi  radii 
M,  2M,  3M,  &c.,  where  M  is  the  length  of  the  journey  which  light  describes 
each  minute,  which  in  the  open  aether  is  a  distance  of  1*8  metro-tens.  Let  us 
now  make  it  our  special  aim  to  consider  in  what  way  the  process  we  are  going  to 
apply  will  resoloe  the  part  of  the  undulation  of  sphetical  waves  which  lies  within 
sphere  r. 

As  before,  let  P  for  the  first  minute  emit  light  of  wave  length  X.  This  light 
consists  of  the  spherical  waves  which  travel  outwards  through  the  space  beyond 
)»phere  p.  At  the  close  of  the  first  minute  the  foremost  wave  has  reached 
sphere  M.  Throughout  almost  the  whole  of  this  minute  a  portion  of  the 
imdulation  has  been  witMn  sphere  r,  which  (if  r  is  a  metre)  is  large  enough  to 
include  from  13  to  26  hundred  thousand  (according  to  the  colour)  of  the  expanding 
light  waves. 

At  the  end  of  the  minute  P  and  the  rest  of,  the  contents  of  sphere  p  are  to 
be  annihilated,  and  quiescent  sether  is  to  be  substituted  for  them  within  that 
little  sphere. 

Two  minutes  latter,  f>.,  when  t  =  S  minutes,  the  immense  undulation  of 
spherical  waves  has  got  beyond  the  great  sphere  R,  and  has  advanced  into  the 
spherical  shell  between  spheres  2M  and  SM,  leaving  quiescent  lether  behind  it.. 

At  this  instant — t.^.,  when  t  =  S  minutes — the  first  reversal  is  to  take  place, 
whereupon  the  waves  that  have  been  hitherto  outward  bound  become  inflowing. 

Let  them  pursue  their  new  course  after  this  first  reversal  until  the  time 
^  a  8  minutes.  By  that  time  the  undulation  has  converged  upon  the  focus,  has 
passed  it,  and  has  again  become  diveivent  light,  each  part  of  the  undulation 
having  crossed  to  the  opposite  side  of/.  When  the  epoch  f  «  8  minutes 
arrives  the  undulation  of  n>herical  waves  is  travelling  outwards,  and  has  reached 
the  space  between  spheres  2B£  and  dM,  and  sphere  R  lies  in  the  quiescent  space 
within  the  undulation. 

At  this  instant — 1>.,  when  ^  -  8  minutes — let  the  second  reversal  take  place. 
The  undulation  for  the  second  time  travels  inwards,  and  on  their  inward  journey 
the  spherical  waves  come  successively  to  coincide  with  sphere  R.  Accordingly 
if  we  divide  the  surface  of  sphere  R  into  its  elements  da-i,  dtr^,  &c.,  then  by 
Hujrgens's  theorem  we  may  substitute  undulations  of  hemispherical  wavelets 
radiating  inwards  from  the  mnumerable  centres  dfr^,  da-^,  &c.,  to  take  the  place  of 
the  furtner  progress  of  the  inward-bound  undulation  of  spherical  waves.  At 
these  innumerable  undulations  of  wavelets  advance,  thev  sweep  over  the  space 
occupied  by  sphere  r,  which  is  two  metres  across,  and  within  the  limits  of  that 
space  the  wavelets  differ  but  very  little  from  wavelets  that  are  accurately  flat  uid 
accuratelv  uniform.  In  this  way  the  converging  spherical  waves  within  sphere  r 
succeeded  by  the  same  waves  diverging  after  they  pass  the  centre  of  the  sphere, 
produce  identically  the  same  motion  within  sphere  r  as  would  develop  itself  if 
the  innumerable  undulations  of  nearly  plane  wavelets  described  above  were 
made  to  sweep  across  it  simultaneously.  It  can  further  be  proved  that  the 
equation  of  energy  is  fulfilled  in  this  resolution,  and  that  in  eveiy  respect  the 
resolution  is  a  true  physical  resolution. 

The  next  step  is  an  easy  one.  It  is  legitimate  by  an  application  of  the  method 
of  limits  to  make  the  wavelets  where  they  cross  sphere  r  accurately  plane  wavelets 

>  A  metro-ten  is  the  tenth  of  the  metros  or  decimal  multiples  of  the  metre. 
In  other  words,  it  is  10**  metres. 
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and  accurately  uniform,  and  at  the  same  time  to  increase  the  size  of  sphere  r 
to  any  deeired  extent*  When  this  has  been  done  we  obtain  the  following  im- 
portant theorem : — 

THEOKBlf  I. 

The  undulation  of  spherical  waves  emitted  by  a  luminous  punctum  P  situated 
at  a  point  /  of  a  transparent  isotropic  medium,  together  with  that  nreceding 
system  of  waves  converging  upon  f,  which  wouJd  have  been  folio wea  by  this 
same  radiation  from  /  if  P  had  been  absent — i.e,^  the  complete  undulation  of 
spherical  waves  which  embraces  an  entire  past  history  as  well  as  the  entire 
future  history  of  the  undulation— can  be  completely  resolved  into  undulations 
of  plane  wavelets,  each  wavelet  being  of  unlimited  extent  in  its  own  plane,  and 
uniform  throughout  that  extent.  And  this  resolution  is  a  true  physical  resolution 
and  not  merely  kinematical. 

An  adequate  conception  of  these  plane-wavelet  components  can  perhaps  be 
best  acquired  by  making  temporary  use  of  the  hypothesis  that  the  light  emitted 
by  P  consists  of  ravs,  of  the  kind  with  which  we  are  familiar  when  the  useM 
hypothesis  that  lignt  consists  of  rays  is  made  the  basis  of  the  science  of 
geometrical  optics.  Here,  however,  we  are  to  obliterate  these  hypothetical  rays 
and  to  substitute  for  each  hypothetical  ray  a  real  undulation  of  plane  wavelets, 
each  wavelet  having  its  wave-^nt  perpendicular  to  the  ray,  and  being  of 
unlimited  extent  in  the  plane  of  the  wavelet  as  well  as  uniibrm  throughout  that 
extent.  To  complete  the  picture  the  intensity  of  .each  imdulation  (f.6.,  the 
square  of  the  transversal  of  each  of  its  wavelets)  is  to  be  proportional  to  the 
intenntjT  which  we  have  to  attribute  to  the  corresponding  hypothetical  ray  of 
geometrical  optics.  As  the  number  of  rays  is  unlimited,  so  is  the  number  of  the 
undulations  or  plane  wavelets  that  take  their  place. 

The  investigation  requires  one  other  fundamental  thereom,  of  which,  as  it  is 
a  well-known  theorem,  we  need  only  give  the  enunciation,  premising  that  the 
direction  in  which  an  undulation  of  plane  waves  travels  is  in  an  isotropio  medium 
perpendicular  to  the  wave  fronts. 

Theobem  II. 

An^  number  of  undulations  of  uniform  plane  waves,  of  wave  length  X, 
advancing  in  the  same  direction  in  an  isotropic  medium,  may  be  united  into  a 
single  resultant  undulation  of  imiform  plane  waves  travelling  in  that  direction. 
(If  the  undulations  to  be  combined  are  variously  polarised,  the  resultant  undu- 
lation  will  in  general  be  elliptically  polarised.) 

From  these  fundamental  theorems  several  useful  inferences  may  be  drawn; 
such  as — 

Thsobeh  in. 

The  whole  of  the  light  of  wave  length  X  emitted  by  any  visible  object, 
whether  self-luminous  or  requiring  incident  light  to  render  it  visible,  may  be 
resolved  into  undulations  of  uniform  plane  wavelets,  of  which  there  need  be  only 
one  such  undulation  provided  for  each  direction  towards  which  light  is  propa- 
gated from  the  visible  object. 

This  is  an  immediate  corollary  from  Theorems  I.  and  II. 


Th£0BBM  IV. 

The  light  of  wave  length  X  traversing  any  portion  of  space  may  be  resolved 
into  undumtions  of  uniform  plane  wavelets  sweeping  over  that  space,  of  which 
there  needs  only  one  such  undulation  in  each  direction. 

This  also  is  a  corollary  upon  Theorems  I.  and  11. 
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Thsobem  V, 

The  light  of  wave  length  X  which  reaches  the  image  of  an  object  formed  by 
an  optical  instrument  may  be  resolved  into  undulations  of  uniform  plane  wave^ 
letSy  of  which  only  one  undulation  need  be  provided  for  each  of  the  directions 
along  which  light  reaches  the  image. 

This  theorem  is  a  particular  case  of  Theorem  lY. 

Light  may  be  resolved  into  wavelets  in  innumerable  ways.  Amongst  these 
the  analysis  into  imdulations  of  uniform  plane  wavelets  possesses  the  unique 
advantage  that  as  each  undulation  advances  through  space  neither  it  nor  any  o^ 
its  parts  undergoes  change.    Hence 

Theobbm  VI. 

To  estimate  the  effect  produced  within  a  closed  space  or  by  the  light  that  has 
reached  a  given  image,  it  will  suffice  to  draw  cylinders  enveloping  Uus  space  or 
image,  in  all  the  directions  from  which  light  comes  to  it,  ukI  to  confine  our 
attention  to  the  portion  of  each  undulation  of  uniform  plane  wavelets  which  liti 
within  that  one  of  the  cylinders  which  is  perpendicular  to  its  wave  fronta. 

From  this  group  of  theorems  others  of  much  interest  follow ;  but  to  deacriha 
the  method  by  which  they  are  derived  would  necessitate  entering  upon  new  ground^ 
and  would  unduly  prolong  the  present  abstract.  It  must  therefore  suffice  to  say: 
that  by  some  of  these  further  propositions  a  beam  or  pencil  of  light  is  resolved  inta 
its  plane-wavelet  components,  each  of  indefinite  extent  lateriSly ;  and  that  thi& 
resolution  renders  possible  a  study  of  the  phenomena  of  diffiraction  gratings  w^ien 
the  portions  of  light  that  reach  the  individual  reflecting  strips  come  from  inde-^ 
pendent  sources. 

Some  of  the  Results  Obtained. 

These  theorems  have  made  it  possible  to  investigate  the  distribution  of  the  light 
which  is  thrown  off  by  visible  objects,  and  they  explain  the  experimental  efieets 
seen  by  Professor  Abbe  when  light  was  incident  upon  microscopical  objects  under 
various  limitations  as  to  direction.  In  the  course  of  the  inquiry  the  total  light 
incident  on  an  object,  or  else  the  total  light  which  emerges  from  it,  has  to  be 
resolved  into  its  plane-wavelet  components;  and  it  appears  on  applying  this 
method  of  analysis,  either  to  the  incident  or  to  the  emergent  light,  tnat  ihe  por- 
tions of  light  thrown  off  by  different  parts  of  the  object  are  capable  of  interfering^ 
whether  those  portions  of  light  had  reached  the  object  from  the  same  or  fropi 
independent  sources. 

Vbripication  by  Experiment. 

After  confirming  these  results  b^  a  repetition  of  Abbe's  observations  and  by  a 
large  range  of  other  experiments  vnth  the  microscope,  it  appeared  to  the  writer  to 
be  desirable  to  contrive  a  test  experiment  which  could  be  carried  out  with  more 
precision  than  is  possible  when  employing  the  microscope. 

A  ruling  of  parallel  equidistant  lines  seems  from  the  theoretical  point  of  view 
to  be  the  simplest  kind  of  visible  object  with  detail  upon  it  to  be  seen.  Accord- 
ingly the  object  chosen  for  experiment  was  a  Bowland^s  diffiractdon  grating  with 
a  ruling  a  little  more  than  4^  centimetres  long,  and  containbg  about  ^,000 
reflectiDg  strips. 

The  theoretical  investigation  indicated  that  the  light  thrown  off  by  the  grating 
should  be  in  the  same  directions  and  have  the  same  intensities,  whether  the 
incident  light  which  has  reached  the  several  reflecting  strips  have  come  from  the 
same  or  from  different  sources,  provided  that,  if  they  come  from  different  sources, 
equid  intensitv  of  light  has  reacned  the  several  strips. 

To  test  this  Miss  E.  A.  Stoney  proposed  to  bring  light  from  independent  sources 
to  the  various  parts  of  the  grating  by  throwing  an  image  of  the  sun  upon  it ; 
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Md  ibAdzp^uiMiit  which  resulted  hivs  most  satisfactorily  confirmed  the  prediction 
of  theory. 

The  light  from  the  sun  was  reflected  from  a  heliostat  furnished  with  a  4-inch 
opta^ally  flat  mirror,  worked  hy  Sir  Howard  Gruhb,  F.R.S.  The  mirror  is  silvered 
OB  iJia  &ont|  and  may  he  relied  on  to  furnish  reflected  light  capable  of  forming  a 
good  ima^.  The  reflected  beam  was  received  by  a  horizontal  telescope  furnished 
with  a  2*mch  objective  by  Cook  and  an  eyepiece  by  Watson.  By  this  apparatus 
an  image  of  the  sun  was  formed  in  a  vertical  plane  at  a  distance  of  a  little  more 
than  a  metre  from  the  telescope,  and  of  a  size  somewhat  larger  than  the  Rowland 
grating.  Whenever  there  happened  to  be  minute  spots  on  the  sun  at  the  time  of 
observation,  the  image  was  good  enough  to  show  them  satisfactorily. 

The  surface  of  the  grating  was  made  to  coincide  with  this  image,  so  that  the 
light  reaching  different  parts  of  the  grating  came  from  diflerent  parts  of  the  sun. 
At  the  same  time,  in  consequence  of  the  arrangements  described  above,  all  light 
reached  the  grating  from  nearly  ^  the  same  direction,  viz.,  from  the  direction  in 
which  the  eye-«top  of  the  telescope  was  seen  from  the  grating. 

When  the  apparatus  was  set  up  in  this  way,  the  same  full  series  of  bright 
impure  spectra  were  produced  as  are  seen  when  the  portions  of  light  reaching  the 
several  reflecting  strips  come  from  identical  sources. 

Still  further  to  test  the  predicted  result,  a  spectroscope  slit  was  placed  near 
the  telescope,  in  the  position  of  the  eye-stop  of  tne  telescope.  This  reduced  the 
light  ibrming  the  image  of  the  sun  and  impaired  its  definition,  but  still  left  the 
ima^  good  enough  to  ensure  that  the  lignt  reaching  reflecting  strips  of  the 
gratmg  which  are  somewhat  distant  from  one  another  came  from  different 
parts  of  the  sun.  The  spectrum  of  the  second  order  gn  one  side  was  then 
viewed  through  the  telescope  of  the  spectrometer,  when  the  Fraunhofer  lines 
were  well  seen  in  large  numbers.  Tlie  E  group  in  the  green  was  carefully 
examined,  and  the  definition  was  so  good  that  all  but  one  ^  of  the  30  lines  in 
Rowland's  great  map  were  seen.  The  closest  doubles  that  were  observed  to  be 
resolved  were  at  6265*8  in  the  £  group,  and  the  corona  line  with  the  iron  line 
adjoining  it  at  5316*9.  The  spacing  of  these  doubles  is  about  i  of  an  Angstrom 
umt,  which  in  that  part  of  the  spectrum  would,  according  to  Lord  Ra^leigh's 
formula  (X/dX  =  2n),  require  a  gratmg  of  16,000  lines  to  resolve  them  in  the 
second  ^ectrum  if  the  grating  and  the  adjustments  were  perfect. 

The  performance  as  seen  was  regarded  as  good,  considering  the  impossibility  in 
some  respects,  and  the  difficulty  in  others,  of  getting  the  adjustments  more  than 
approximately  made :  16,000  lines  occupy  28  mm.  on  the  grating,  which  is  more 
tnan  an  inch.  It  therefore  extended  over  a  considerable  part  of  the  image  of  the 
sun  which  illuminated  the  grating.  Moreover,  having  regard  to  the  fact  that 
the  brightness  of  the  light  reaching  the  different  reflecting  strips  was  not  quite  the 
same,  and  to  the  other  shortcomings  mentioned  above,  it  seems  not  unlikely  that 
the  whole  of  the  26,000  reflecting  strips  of  the  grating  were  actually  in  operation 
to  produce  such  definition  as  was  observed.  If  so,  light  was  made  use  of  from 
parts  of  the  image  of  the  sun  as  far  asunder  as  If  inch. 

\_yote  added  October  1901. — ^The  experiment  is  very  much  improved  by 
introducing  a  collimating  lens  between  the  slit  and  the  gi'ating.  The  lens  employed 
is  a  lens  of  78  cm.  focus,  and  was  set  up  at  a  distance  of  about  12  cm.  in  front  of 
tile  grating.  It  does  not  sensibly  impair  the  image  of  the  sun  formed  on  the 
gratinff,  and  it  enables  the  adjustments  to  be  fulli/  made  which  had  to  be  left 
imperfect  before.  When  the  adjustments  were  careftilly  made  the  spectrum  of 
the  sun  in  the  second  spectrum  did  not  appreciably  fall  short  in  either  definition, 

*  The  light  reaches  all  parts  of  the  grating  from  exactly,  and  not  only  nearly,  the 
same  directions  when  the  collimating  lens  described  in  Note  abo?e  is  added  to  the 
apparatus. 

2  The  line  not  seen  is  the  faint  chromium  line  of  wave  length  5276*34  and  of 
intensity  00  on  Rowland's  scale.  It  is  between  two  stronger  lines,  the  nearer  of 
which  is  of  intensity  1  and  at  a  distance  of  about  a  fifteenth  of  an  Angstrom  unit. 
This  is  too  close  for  resolution  by  a  grating  of  26,000  lines  in  its  second  spectrum. 
The  pair  are,  however,  widely  separated  by  the  grating  that  was  used  in  its  fifth 
spectrum. 
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resolvittg  power,  or  purity  of  the  best  spectrum  that  can  be  obtained  when  the 
spectrometer  is  employed  in  its  usual  way,  t.e.,  with  the  image  of  the  sun  thrown 
on  the  slit  No  doubt,  the  light  being  now  derived  from  a  large  extent  of  the 
sun's  disc,  sharp  lines  must  have  been  fringed  *with  fkint  and  narrow  wings  owing 
to  the  rotation  of  the  sun ;  but  the  wings  were  too  faint  and  too  narrow  to  hi 
visible  in  the  second  spectrum.] 

On  the  whole,  the  verification  of  the  effect  predicted  by  the  new  analydt 
appears  to  be  satisfactory. 

A  modification  of  the  experiment  can  be  made  in  the  absence  of  sunshine  W 
throwing  the  image  of  a  flat  sodium  flame  upon  the  grating,  when  the  D  lines  wiu 
be  seen  beautifully  defined,  and  may  be  reversed  if  suitable  arrangements  are  nuide  in 
the  flame.  But  a  sodium  flame  cannot  be  made  truly  flat  or  truly  steady  so  as  to 
furnish  an  image  the  puritv  of  which  may  be  relied  on  like  that  of  the  sun.  The 
solar  arrangement  for  making  the  experiment  is  therefore  to  be  preferred  when 
sunshine  and  sufficiently  good  apparatus  are  available. 


8.  A  Long  Period  Solar  Variation.^    By  Wiluam  J.  S.  Looktbb. 

This  paper  consists  of  a  discussion  of  the  observations  of  the  measurement  of 
sunspot  areas  made  since  the  year  1883,  this  year  being  the  epoch  when  Sohwabe 
commenced  his  series  of  sunspot  observations"  on  a  systematic  basis.  The  actual 
dates  of  the  epochs  of  maxima  and  minima  of  sunspot  area  used  in  this  invests 
gatbn  were  tnose  given  by  Dr.  Wolf  and  Dr.  Wolfer.  As  a  check  on  the  work 
the  important  residts  of  Mr.  William  Ellis*  discussion  of  the  Greenwich 
Observations  of  the  Magnetic  Elements  were  utilised,  as  he  has  shown  that  the 
curves  representing  the  nuignetic  elements  are  in  almost  exact  accord  with  that 
representm^  the  solar  spotted  area. 

In  dealing  with  the  sunspot  curve  the  first  result  of  the  inveetigataon  was 
to  indicate  tnat  the  intervals  between  a  minimum  and  ^  following  loi^mxxm 
varied  regularly,  the  length  of  this  period  of  variation  amounting  to  a  little  more 
than  three  eleven-year  periods,  or  about  thirty-five  yeJEurs.  The  magnetic  curves 
examined  in  the  same  way  indicated  precisely  a  similar  variation. 

An  inquiry  into  the  amount  of  spotted  area  included  in  each  interval  between 
consecutive  sunspot  minima  indicated  also  a  regular  variation,  the  period  being 
similar  to  that  mentioned  above — namely,  about  thirtv-five  years. 

Further,  it  was  found  that  the  interval  in  time  between  consecutive  minima 
was  not  constant  but  varied,  as  far  as  could  be  judged,  regularly,  the  length  of 
the  period  increasing  and  decreasing  in  alternate  eleven-year  periods  from  a  mean 
value. 

The  paper  then  indicated  that  as  the  sun  may  be  considered  as  a '  variable ' 
star,  it  may  be  likened  to  the  well-known  variable  17  Aquil®,  the  liffht  of  which 
changes  rather  similarly — t.e.,  the  interval  between  a  minimum  and  a  following 
maximum  has  a  short-period  variability,  and  the  period  from  minimum  to  minimum 
alters. 

In  concludon  the  author  referred  to  the  important  work  of  Professor  Ed. 
Briickner,  who  had  indicated  that  the  changes  of  climate  were  periodical,  and 
that  the  mean  length  of  the  period  was  about  thirty-five  years ;  to  Mr.  Clnrlea 
Egeson*s  investigations  on  territorial  meteorology  for  South  Australia ;  and  to 
Professor  Ed.  Richter*s  results  on  his  researches  on  the  movements  of  glaciers. 

All  these  investigations  indicated  clearly  a  periodical  chan^  in  the  meteorology 
of  the  earth's  atmosphere,  which  were  the  result  of  this  thirty-five  yeariy  solar 
period,  as  shown  b^  the  correspondence  of  the  resnective  epochs. 

The  paper  then  indicated  that  the  next  'great^  maximum  of  sunspots,  dmilar 
to  that  of  1870  and  1836,  should  occur  at  the  approaching  maximum,  and  it 
would  be  interesting  to  see  whether  all  the  solar,  meteorological,  and  magnetic 
phenomena  of  those  two  periods  were  repeated. 

»  See  Proo.  Bayal  Soc,  vol.  Ixviii.  p.  285. 
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The  oondiuions  drawn  from  the  whole  ioTeetigation  were  as  follows : — 

1.  There  is  an  altemate  increase  and  decrease  in  the  length  of  a  sunspot  periodi 
reckoning  from  minimum  to  minimum. 

2.  The  epoch  of  maximum  varies  regularly  with  respect  to  the  precedmg 
minimum. 

The  amplitude  of  this  yariation  ahout   the   mean   position   is   about 

dt  0-8  year. 
The  cycle  of  this  yariation  is  about  thirty-fiye  years. 

8.  The  total  spotted  area  included  between  any  two  consecutive  minima 
varies  regularly. 

The  cycle  of  this  variation  is  about  thirty-five  years. 

4.  There  is  no  indication  of  the  fifty-five-year  period  as  suggested  by  Dr.  Wolf. 

5.  The  climate  variations  indicated  by  Professor  Briickner  are  generally  in 
accordance  with  the  thirty-five-year  period. 

6.  The  frequency  of  aurors  and  magnetic  storms  shows  indications  of  a  secular 
period  of  thirty-five  years. 


DspABTMBirr  II. — Mbtsorolooy. 
The  following  Report  and  Papers  were  read : — 

1.  Report  on  Meteorological  Oheervationa  oth  Ben  Jtevisi 
See  Reports,  p.  54. 


2.  The  Seismograph  as  a  Sensitive  Barometelr, 
By  F.  Napier  Dbnison,  Meteorological  Office^  Victoria^  JS.C, 

Since  the  installation  of  a '  Milne '  Seismograph  in  connection  with  the  Meteord« 
logical  Office  at  Victoria,  B.O.,  in  Septeml^r  1898,  the  author  has  taken  up  the 
study  of  the  various  movements  of  tne  horizontal  pendulum  apart  from  those 
caused  by  earthquakes. 

In  Older  to  make  a  thorough  investigation  of  this  phenomeuon,  the  author  has 
taken  the  photographic  records  from  this  instrument  for  the  years  1800  and  1000, 
amounting  to  over  3,000  feet  of  paper,  and  with  a  millimetre  and  time  scale  has 
measured  the  amounts  aod  times  of  occurrence  of  all  changes,  including  the  diurnal 
and  longer  period  deflections.  These  observations  have  been  entered  in  a  specially 
designed  register,  and  as  these  observations  are  often  of  sufficient  amplitude  to 
necessitate  die  resetting  of  the  boom  by  altering  the  levelling  adjustment,  it  has 
been  necessary  to  correct  the  above  readings  in  order  that  the  true  and  continuous 
movement  be  obtained  during  these  years.  ^ 

By  studying  these  corrected  oMervations  in  conjunction  with  the  Victoria 
Synoptic  Weather  Charts,  the  author  became  convinced  that  most  of  these  move- 
ments were  due  to  meteorological  causes.  In  order  therefore  to  be  able  to  pursue 
this  study  further,  he  has  plotted  these  observations  upon  *1  inch  squared  paper: 
the  time  scale  used  was  2*4  inches  per  day,  and  *1  inch  to  equal  one  millimetre. 
Above  this  curve  for  each  month  was  plotted  the  Victoria  barometer  from  the  tri- 
daily  observations,  and  surmounting  this  was  entered  the  tri-daily  record  of  the 
direction  and  velocity  of  the  winds  and  precipitation. 

The  results  from  the  plottings  for  the  year  1809  when  studied  in  conjunction 
with  the  corresponding  weather  charts  proved  so  interostbg  that  a  brief  paper 
upon  this  subject  was  read  before  the  last  meeting  of  the  Koyal  Meteorobgical 
Society.  Since  then  the  author  has  completed  the  nlottings  for  1900,  and,  in  order 
to  increase  their  value,  has  added  th^  Victoria  tidal  curve  also. 
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The  following  notee  hare  been  deduced  from  these  obserrations:— 

(1)  The  crust  of  the  earth  is  depressed  under  areas  of  high  barometric  preflflurei 
and  elevated  under  areas  of  low  pressure. 

(2)  When  the  barometer  is  hij^h  over  the  Pacific  slope  from  British  Columbia 
to  Oaufomia  and  low  over  the  adjacent  ocean,  the  horizontal  pendulum  is  deflected 
towards  the  east. 

^3)  When  the  barometer  is  high  off  the  coast  and  low  over  the  Pacific  alopei 
the  horizontal  pendulum  is  deflected  towards  the  west* 

(4)  The  horizontal  pendulum  tends  to  move  east  during  the  winter  months  and 
west  throughout  the  summer. 

(5)  The  total  westerly  movement  (signifying  a  depression  of  the  MMt)  ex» 
ceeds  the  easterly  swing  for  the  year  1899  by  54'9  millimetres  and  by  20*7  for 
1900. 

(6)  When  an  extensive  ocean  storm  area  is  approaching  the  coast  of  Van«> 
couver  Island,  while  the  barometer  is  high  over  the  Tacific  sbpe,  the  pendulmn  will 
ateadily  travel  eastward  before  the  coast  barometers  begin  to  fall,  or  its  presence 
is  noticeable  upon  the  synoptic  weather  chart. 

(7)  Should  such  a  storm  be  followed  by  an  extensive  high  pressure  area,  the 
pendulum  will  turn  and  move  steadilv  toward  the  westward,  some  time  before  the 
focal  barometer  begins  to  rise  and  hetote  the  winds  have  shifted  to  the  westward. 

(8)  Should  an  important  storm  area  move  down  the  coast  from  Alaska  and 
be  followed  by  an  extensive  one  of  high  pressure  and  a  cold  wave  extending  from 
the  Yukon  south-eastward,  the  pendulum  swings  to  the  westward,  usually  before  the 
storm  has  reached  this  latitude.  These  are  termed  abnormal  winter  moiFsaieiits, 
and  cause  the  few  cold  days  experienced  in  this  vicinity. 

(9)  The  greatest  monthly  range  occurs  during  the  stormy  winter  months,  and 
the  smallest  range  takes  place  daring  the  summer  type  of  almost  continuous  fine 
Weather. 

(10)  The  diurnal  range  is  most  pronounced  during  the  summer  months,  when 
the  greatest  amount  of  sunshine  is  recorded,  and  the  least  acmount  of  rain. 

(11)  Fine  weather  is  usually  preceded  by  a  westerly  movement  of  the  pendu- 
lum, due  to  an  approaching  ocean  high  area  which  spreads  inland  over  the  province. 
While  further  south  the  barometer  is  comparatively  low. 

(12)  A  careful  perusal  of  the  two  years'  plottings  proves  that  during  the 
normal  type  of  summer  and  winter  barometrb  distrumtion  the  barometer  and 
pendulum  curves  tend  to  come  together  as  areas  of  low  pressure  a|^roaoh  the  coast, 
and  diverge  when  h^h  areas  follow  the  same  course. 

The  above  brief  and  incomplete  summary  of  deductions  derived  from  these  ttro 
years*  observations  is  respectfully  submitted  with  a  strong  desire  that  this  investi- 
gation be  taken  up  by  a  special  committee,  and  if  this  study  of  the  pendulum's 
warnings  tends  to  aid  the  forecasting  of  ocean  storms  upon  this  dbtant  seaboard  of 
the  empire,  may  not  a  similar  study  at  home  lead  to  the  adoption  of  simple 
seismographs  throughout  the  kingdom  to  he  used  as  sensitive  burometers,  as  an  aid 
in  warning  the  advent  of  the  great  Atlantic  storms  before  they  reach  thewastefn 
coast? 

3.  On  Meteorological'  Ffteiwmena  in  Relation  to  Cliangea  in  the  VerticdL 
By  Professor  J.  Milnr,  F.R,S, 


WBDNBSDAZ  SEPTEMBER  18. 

The  following  Report  and  Papers  were  read  :— 

1.  Report  on  the  Determination  of  Magnetic  Force  on  Board  Shifk^ 
See  Reports,  p.  29. 
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2,  On  a  New  Form  of  Instrument  for  Obsendng  the  Magnetic  Pip  and 
Intensity  on  Boa/rd  Ship  cU  Sea.  By  Captain  E.  W.  Cbeak,  C.B,, 
F.E.S.    See  Keports,  p.  29« 

3.  I^ote  on  some  Results  obtained  ivith  the  Self-recording  Instruments 
for  tlie  Antarctic  Expedition.     By  t)r.  R.  T.  Glazebrook,  F,R,S. 


4.  On  a  Determination  by  a  Thermal  Method  of  the  Variation  of  the 
Critical  Velocity  of  Wester  vnth  Temperature.  By  H.  T.  Barkbs, 
M.A.Sc.,  D.Sc,  Lectu/rer  in  Physics,  and'E.  G.  CokbRj  M.A.,  D.Sc, 
Assistant  Professor  of  Civil  Engineering^  McGiU  University, 
Montreal. 

The  critical  velocity,  or  point  at  which  the  flow  of  water  through  a  pipe 
^changes  from  stream-line  to  eddy  motion,  has  heen  the  suhject  of  a  series  of 
experiments  by  Osborne  Reynolds  from  the  philosophical  as  well  as  the  practical 
aspect.  Two  methods,  which  are  too  well  known  to  require  description^  were 
adopted  in  his  experiments — the  method  of  colour  bands  and  the  determination  of 
the  law  of  resistance  governing  the  flow  at  velocities  above  and  below  the  critical 
Velocity.  From  the  results  of  his  work  Reynolds  was  able  to  verify  certain  mathe** 
matical  deductions  as  to  the  eflect  of  viscosity  and  diameter,  which  led  to  exceed- 
ingly simple  expressions  for  determining  the  change  in  the  flow.  The  eflect  of 
temperature  was,  however,  less  completely  verified.  In  so  far  as  the  critical 
velocity  is  dependent  on  the  viscosity,  the  temperatui^  coefficient  of  the  viscosity 
Was  taken  as  representing  this  temperature  change.  General  experimental  results 
Indicated,  at  least  approximately,  that  the  law  of  PoiseuUle  for  the  flow  through 
'Capillarv  tubes  held  for  the  critical  velodty  between  4^  and  22^  C.  It  was  deemed 
deflirabfe  by  the  authors,  on  account  of  the  large  eflfect  produced  by  temperature, 
to  determine  this  coefficient  directly  by  a  new  method,  and  more  especially  as  the 
law  of  Poiseuille  itself  was  deduced  from  experiments  ranging  only  as  high  as 
46**  0. 

In  the  present  paper  a  new  thermal  method  of  measurement  is  described,  and 
also  experiments  by  this  method  with  a  brass  pipe  0-414  inch  in  diameter  at 
different  temperatures  between  15^  and  86^  C,  together  with  the  genend  results 
so  far  as  it  is  yet  possible  to  communicate  them,  showing  the  reformation  under 
perfectly  steady  and  uniform  conditions  of  the  stream*line  flow  at  velocities  very 
much  above  the  critical  point  measured  by  Reynolds. 

Thermal  Method  of  Measuring  Critical  Velocity. 

If  water  be  heated  while  flowing  through  tubes  in  stream-line  motion,  the  distri- 
bution of  heat  throughout  the  water  column  is  not  miiform.  In  the  case  where  the 
heat  is  applied  at  the  outside  of  the  tube,  as  in  the  experiments  of  L.  Graets,  only 
the  few  layers  which  are  almost  stationary  in  direct  contact  with  the  tube  will  bie 
heated,  while  the  inflow  water,  which  passes  directly  through  the  centiral  portion 
•at  a  much  greater  velocity,  will  remam  almost  entirely  unheated.  In  the  case 
where  the  heat  is  received  from  a  central  wire,  the  heat  is  carried  off  by  the 

Suickly  moving  water  in  a  cloak  as  it  were  around  the  wire,  leaving  the  sides  of 
[le  tube  unheated.  At  and  beyond  the  point  where  eddies  make  their  appearance 
in  the  flow,  the  entire  column  of  water  is  mixed  and  stirred,  and  the  temperature 
'distribution  becomes  uniform.  The  point  of  change,  or  the  critical  velocity,  may 
be  then  very  clearly  defined  by  observing  the  sodden  increase  in  the  temperature 
of  the  flowing  water.  In  some  of  the  first  experiments  this  change  of  tempera- 
ture was  observed  by  noting  the  increase  in  resistance  of  a  platinum  wire  thr^ed 
through  the  centre  of  l^e  tube  heated  on  the  outside,  and  the  preliminary  results 
iihawed  that  the  presence  of  a  wire  of  6  nils'  thickness  in  a  tuoe  of  about  i  inch 
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in  diameter  had  apparently  no  measurable  influence  in  caunnff  an  eariier  lireakiog 
up  of  the  8tream-lme  flow.  Although  the  electrotiiermal  method  of  measurement 
was  quite  satisfactory^  it  was  found  that  the  point  of  change  was  determined  more 
simply  by  placing  the  bulb  of  a  sensitive  mercury  thermometer  in  the  path  of  the 
water  as  it  emerged  from  the  tube,  and  this  had  also  the  additional  adfantage  of 
showing  the  true  temperature  of  the  water.  A  glass  prolongation,  of  sli^tly 
greater  diameter  and  connected  carefully  to  the  brass  pipe  oy  a  specially  con- 
structed cone  or  adapter,  enabled  the  reading  of  the  thermometer  to  oe  obserred. 
It  was  a  matter  of  considerable  surprise  to  the  authors  to  see  the  very  sudden  way  in 
which  the  reading  of  the  thermometer  indicated  the  point  of  change  in  the  character 
of  the  flow  by  an  almost  instantaneous  change  of  reading.  That  the  change  in 
the  reading  indicates  the  critical  point  was  shown  by  introducing  a  colour  band  in 
the  ordinary  way,  in  which  case  the  band  disappeared  at  the  same  moment  the  jump 
in  the  thermometer  thread  took  place. 

Since  in  the  experiments  the  tube  was  heated  on  the  outside,  it  might  at  first 
sight  appear  that  the  temperature  difference  between  the  layers  of  water  in  direct 
contact  and  the  central  column  might  produce  a  disturbing  action  on  the  flow,  but 
as  this  temperature  difference  was  always  small,  the  total  jump  in  the  thermometer 
being  seldom  over  a  few  tenths  of  a  degree,  the  disturbance,  if  any,  was  reduced 
to  a  minimum.  Moreover,  special  experiments  were  repeatedly  made  to  determine 
a  possible  disturbing  effect  oy  maintaining  the  temperature  of  the  walls  of  the 
tube  at  different  pomts  above  and  below  the  water  in  the  tube,  but  none  could  be 
detected. 

It  was  necessary  to  have  only  a  few  degrees  difference  in  temperature  between 
the  walls  of  the  tuM  and  inflow  water  to  obtain  a  measurable  reading. 

'  Description  of  the  Apparatus. 

We  were  fortunate  in  having  at  our  disposal,  through  the  hindness  of  Dean 
Bovey,  the  facilities  afforded  bj  the  hydraulic  laboratory,  where  the  large  experi- 
mental tank,  20  feet  high  and  25  square  feet  in  area,  served  admirably  for  a 
reservoir.  The  tank  stood  on  the  bed  rock,  and  was  therefore  free  from  yibration 
or  dbturbance,  and  after  the  eddies  had  died  out,  occasioned  by  filling,  the  water 
was  in  as  completely  quiet  a  state  as  possible.  The  water  used  for  the  experi- 
ments was  supplied  from  the  Montreal  mains,  and  was  quite  clear.  It  would  not 
have  been  possible  to  use  distilled  water  owing  to  the  large  quantity  required,  bat 
every  precaution  was  taken  in  the  way  of  repeated  cleaning  to  have  the  water 
pure. 

The  rest  of  the  apparatus  was  designed,  and  for  the  most  part  constructed,  in 
the  laboratory,  and  served  admirably  for  fulfilling  the  required  conditions  for 
carrying  out  the  experiments.  Subsequently  it  was  found  that  by  a  few  simple 
alterations  the  method  of  colour  bands  could  be  used  as  well  for  the  experiments 
with  the  large  pipes. 

Each  of  the  metal  pipes  studied  was  fitted  with  a  metal  trumpet  flare  to  direct 
the  flow  as  it  entered,  the  point  of  junction  being  very  carefully  smoothed  so  as  to 
produce  no  disturbing  action.  The  walls  of  these  pipes  were  maintained  at  a  con- 
stant temperature,  above  or  below  the  temperature  of  the  water  flowing  through, 
by  means  of  a  jacket,  through  which  water  was  circulated  by  a  centrifugal  |>ump. 
A  graduated  valvo  regulated  the  flow,  which  was  caught  and  measured  in  an 
accurately  calibrated  copper  measure. 

Experimental  Results. 

Two  tables  are  given,  the  first  showing  the  eflect  produced  by  increasing  tbe 
head  of  water  in  slightly  increasing  the  critical  velocity ;  and  the  seoond,  ^ 
eflect  of  temperature  between  16^  and  86°  C.  These  experiments  were  made  with 
the  0'414-inch  brass  pipe. 

Two  other  tables  are  given,  one  showing  the  agreement  of  the  observatioos  of 
Beynolds  by  the  method  of  colour  bands  with  those  of  the  iUtbom,  when  reduced 
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to  a  dise  of  pipe  equal  to  theirs,  and  the  other  showing  that  the  oheervations  of 
Keynolds  hetween  4^  and  22°  C.  give  a  closer  agreement  with  the  authors*  temper- 
ature formula  than  with  the  formula  of  Poiseuille. 

The  law  ^diowing  the  dependence  of  the  critical  yelodty  on  the  temperature 
obtained  by  the  authors  may  be  stated  thus: — 

P  =/ (T)  =  (1  + -03001  + -000704^)  • ' 

between  16°  and  86^  C. ;  while  the  law  of  Poiseuille  reads  :— 

(1  +  -033681  +  -00221X0  " ' 
between  0°  and  45°  0. 

RvperimenU  <m  Stream-Una  Flow  at  High  Velocities* 

It  was  found  further  that  the  unusually  steady  conditions  obtained  in  the  large 
tank  conduced  to  some  interesting  results  in  regard  to  stream-line  flow  at  high 
velocities.  For  certain  sizes  of  pipes,  oyer  half  an  inch  to  as  large  as  the  authors 
have  yet  used,  i,e,,  ^i  inches,  the  flow  re-formed  again  to  stream-line  above  the 
critical  point  of  Reynolds,  and  persisted  apparently  as  the  stable  flow  to  velocities 
ranging  from  12  to  20  feet  per  second.  Bevond  these  velocities  they  were  unable 
to  go,  but  in  some  instances  no  sign  of  breaking  down  occurred  at  these  points. 

Two  experiments  were  tried,  which  illustrate  clearly  that  water  flowing  with 
a  perfectly  smooth,  unruflled  surface  is  in  stream-line  motion.  A  circular  orifice 
was  inserted  in  the  side  of  the  tank,  which  gave  a  clear  rod-like  jet  of  water  that 
issued  horizontally  under  a  high  head  and  curved  in  a  parabolic  arc  under  gravity. 
After  all  initial  disturbances  had  died  out  in  the  tank  a  colour  band  was  intro- 
duced by  bringing  the  colour  tube  to  within  about  3  inches  of  the  centre  of 
the  orifice.  A  clearly  defined  and  sharp  line  of  colour  threaded  its  way  through 
the  jet  of  water,  shifting  slowly  from  centre  to  side  and  back  to  centre  again, 
aflected  probably  by  slight  movements  in  the  tank.  This  thread  of  colour  was 
distinctly  visible  down  to  the  point  where  the  jet  of  water  impinged  against  the 
waste  weir,  a  distance  of  15  feet.  Bv  introducing  an  excess  of  oobur  a  similar 
phenomenon  to  the  breaking  down  of  the  stream-line  flow  in  a  tube  was  noted, 
and  the  jet  became  sufiFused  with  colour,  broken,  and  unsteady  up  to  within  a  foot 
or  two  of  the  orifice.  On  reducing  the  quantity  of  colour  the  stream-liDes 
re-formed  and  the  water  became  smooth,  clear,  and  steady,  threaded  by  the  sharp 
line  of  colour  as  before.  Two  sharp-edged  orifices  were  tried,  }  and  2^  inches 
diameter  respectively,  with  coefficients  of  discharge  equal  to  0*970.  With  the 
beads  used  the  highest  velocity  reached  by  the  outflowing  water,  calculated  in 
the  usual  way  from  the  formula 

V  =  0-970  V^ 

was  30  feet  per  second. 


5.  The  Interference  and  Polarisation  of  Electric  Waves* 
By  Professor  G.  Quincke.— See  Reports,  p.  39. 


6.  On  iJie  Effects  of  Magnetisation  on  t/ie  Electrical  Conductivity  of  Irori 
and  nickel.    By  Guy  Barlow,  B.Sc, 

The  object  of  the  experiments  was  to  determine  whether  any  simple  relation 
exists  between  the  change  of  electrical  resistance  and  the  intensity  of  mtu^netisation 
in  iron  and  nickel  wire  when  magnetised  longitudinallv.  The  enacts  of  hysteresis 
as  shown  by  die  magnetic  change  of  resistance  were  also  examined. 

The  Wheatstone  Bridge  method  was  emploved,  with  a  badge  wire  of  low 
resistance.    The  experimental  wire  was  wound  longitudinally  on  a  thin  rod  of 
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woody  tlie  '  comparison '  coil  beiog  of  copper,  and  wound  dose  to  it  on  the  saniB 
bobbin.  These  coils  were  enclosed  in  a  glass  tube  and  placed  within  the 
magnetising  coil  which  was  provided  with  a  water-jacket 

Auxiliary  coils  of  Oerman  sLlver  were  connected  in  the  other  two  arms  of  the 
bridge  so  as  to  increase  the  sensibility  of  the  arrangement.  The  ma^tiaation 
was  determined  by  the  ballistic  method.  Wires  of  iron,  steel,  and  nickel  were 
examined.  The  curves  of  *  ascending  reversals  *  were  obtained  for  the  chfinge  of 
resistance  and  for  the  magnetisation.  A  comparison  of  these  curves  shows  the 
manner  in  which  the  change  of  resistance  depends  on  the  magnetisation.  The 
results  obtained  by  this  method  showed  that  the  change  of  resistance  is  not 
proportional  to  any  single  power  of  the  magnetisation,  but  can  be  represented  by  a 
function  of  the  type  aP  +  bl*  +  cP. 

Hysteresis  loops  were  also  obtained  showing  the  eflfect  of  cyclic  variations 
of  field  on  the  change  of  resistance  and  on  the  magnetisation  in  the  same 
specimens.  These  curves  show  that  the  change  of  resistance  vanishes  in  the  cycle 
wlien  the  magnetisation  vanbhes,  but  the  change  of  resistance  shows  considerable 
hysteresis  wiSi  regard  to  the  magnetisation. 


7.  The  Influence  of  a  Magnetic  Field  on  the  Viscosity  of  Magnetisable 
Liquids,    By  Professor  A.  Gray,  F.R,S. 


8.  Tlie  In/lu€7ice  of  a  Magnetic  Field  on  tite  Viscosity  of  Magnetisable 
Solids,    By  Professor  A.  Gray,  F.B.S. 


9.  Magnetisation  of  Electrolytic  Nickel, 
By  Jambs  W.  Pbok  and  Robert  A.  Houstoun. 

An  account  is  given  of  experiments  in  progress  to  determine  the  mognetb 
quality  of  electrolytically  deposited  nickel.  The  method  of  deposition  is  described, 
and  the  difficulty  of  getting  adherent  deposits  of  sufficient  thickiess  is  pointed 
out.  Magnetic  measurements  (by  the  ballistic  step-by-step  method)  made  upon 
the  nickel  are  ^ven,  and  for  purposes  of  comparison  similar  measurements  for 
specially  pure  nickel  wires  are  maae.  These  wires  contained  only  from  0*25  per 
cent,  to  0-42  per  cent,  of  impurity  (chiefly^  iron).  Values  for  H,  I,  B,k,fiBi^ 
given  ;  and  hysteresis  cycles  and  permeability  curves  are  drawn  out.  A  movinf^ 
coil  galvanometer  (as  recommended  by  £wing)  is  used  for  many  of  the  ballistic 
measurements,  and  is  found  to  be  very  convenient. 


10.  A  New  Form  of  Permeameter.    By  Professor  F.  O.  Baily,  M.A. 

The  apparatus  depends  on  the  measurement  of  the  ratio  of  B  to  H  in  the 
sample.  A  complete  magnetic  circuit  is  formed  by  two  lengths  of  the  sample 
joined  by  short  iron  blocks  at  the  ends.  Magnetising  coils  are  placed  round  the 
sample.  In  one  of  the  blocks  is  a  narrow  gap  perpendicular  to  the  direction  of  the 
lines  of  force.  Above  this  is  pivoted  a  pair  of  astatic  magnets.  The  lower 
magnet  is  influenced  by  the  difierence  of  magnetic  potential  between  the  two  sides 
of  me  gap,  the  force  being  proportional  to  B.  Bound  the  upper  magnet  b  placed 
a  small  coil  in  series  with  the  main  magnetising  coils,  which  acts  on  the  magnet 
tfithia  force  proportional  to  H.  Vsins  the  principle  of  the  sine  galvanometer,  the 
coil  is  rotated  until  the  two  forces  are  balanced,  the  position  of  the  magnet  system 

bemg  along  the  line  of  the  gap.    Then  /* "  jx  =  /(^*    ^o  coil  is  shaped  to  give 

an  almost  uniform -scale  through  some  80"  of  arC|  and  the  permeability  is  read 
directly  on  the  scale* 


Digitized  by 


Google 


TRANS4OTl0fNS  OF  SKCTION  A.  5S8 

The  sc&le  is  calibrated  for  a  standard  size  of  specimen,  and  the  yalae  for  any 
other  size  is  obtained  by  multiplying  by  the  ratio.  A  wide  range  is  obtained  by 
usbg  only  a  part  of  the  magnetising  coils  when  the  permeability  is  high. 

The  magnetising  force  is  read  on  a  separate  instrument,  such  as  a  suitable 
amperemeter.  Regulating  resistances,  a  reversing  switch  for  demagnetising,  and 
a  switch  for  altering  the  range  are  added. 


11.  Ifote  on  the  Colierer,    By  Professor  Jambs  Blyth,  M.A.,  LL.D. 

The  object  of  this  note  is  to  draw  attention  to  some  experimental  results  con^ 
nected  with  the  ordinary-  filings-coherer,  which  I  can  hardly  think  are  new,  but 
whidi  I  have  not  seen  specially  noticed. 

.  When  a  coherer  is  placed  in  circuit  with  a  battery,  and  when  no  current 
passes  through  it,  it  is  obvious  that  its  terminals  must  correspond  to  the  charged 
plates  of  a  condenser,  and  that  the  P.D.  between  them 
must  be  equal  to  the  E.M.F.  of  the  battery.  Let  AB 
be  the  coherer  and  C  the  battery,  then  the  P.D.  between 
A  and  B  is  equal  to  the  E.M.F.  of  0.  If  now  A  and  B  be 
connected  for  an  instant  by  a  circuit  containing  a  coil  E 
having  self-induction,  the  coherer  AB  will  be  found  to 
have  assumed  the  conducting  instead  of  the  insulating 
•condition.  This  can  be  tested  by  switching  a  galvano- 
meter into  the  battery  circuit  and  observing  the  deflec- 
tion. If,  however,  the  coherer  AB  be  short-circuited 
ibr  an  instant  by  a  coil  having  the  same  resistance  as  E, 
Imt  wound  so  as  to  have  no  self-induction,  the  coherer 
•does  not  become  a  conductor. 

This  would  seem  to  show  that  the  discharge  of  the 
condenser-coherer  must  be  of  a  distinctly  oscillatory  nature  before  the  well-known 
effect  of  coherence  is  produced. 

The  next  result  I  have  to  refer  to  depends  essentially  on  the  same  cause. 

Let  two  coherers  AB  and  CD  be  included  in  the  same  circuit  with  a 
battery  F  and  a  galvanometer  or  bell  G.  Also  let  a  Yoss  machine  be  placed 
near  AB  so  as  to  produce  an 

oscillatonr  spark  near  AB,  but  p,  G 

let  CD  be  placed  so  far  away 
as  to  be  beyond  the  direct 
action  of  the  spark  ;  then  in 
funeral  it  will  be  found  that 
when  AB  becomes  a  conductor 
■suddei^y  the  jerk  dven  to  CD 
is  sufficient  to  mtuce  it  also  a 
conductor,  and  the  galvanometer  will  deflect  or  tlie  bell  rinff.  If  CD  be  now 
tapped,  the  bell  stops,  although  AB  has  been  left  untouched.  This  shows  that 
if  one  coherer  in  a  circuit  suddenly  assumes  the  conducting  condition  all  other 
coherers  in  the  same  circuit  tend  to  do  the  same. 
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Section  B.— CHEMISTRY. 
PEBSiDBin  OF  THB  SECTION— Profeasor  Pbkct  F.  Feanklikd,  Ph.D.,  F.R.S. 


THURSDAY,  SEPTEMBER  12. 
The  President  delivered  the  following  Address:— 

The  Position  of  British  Chemistry  at  the  Davm  of  the  Twentieth  Century, 

Two  circumstances  unite  in  rendering  this  year  especially  appropriate  for  the 
survey  and  valuation  of  all  departments  of  British  life  and  organisation — the 
dawn  of  a  new  century,  the  dose  of  the  Victorian  era.  It  is  a  moment  when  not 
only  the  nation  as  a  whole,  hut  evenr  group  of  persons  drawn  together  by  what* 
ever  bond,  and  indeed  each  indiviaual  for  himself,  must  involuntarily  ask  the 

Suestion,  Are  we  progressing  or  receding,  or  are  we  standing  still  P  U]>on  us, 
[len,  who  are  bound  together  bv  the  common  interest  which  we  have  in  that 
science  to  which  this  Section  is  devoted  Uiere  forces  itself  the  question,  What  is 
the  position  of  British  Chemistry  at  the  present  moment,  how  does  this  present 
bear  comparison  with  the  past,  and  what  are  the  prospects  for  the  future  P 

To  bring  before  you  some  consideratious  with  respect  to  the  answer  whidi 
should  be  given  to  this  question,  or  rather  series  of  questions,  will  be  my 
endeavour  in  responding  to  the  honour  which  has  been  conferred  on  me  of 
inaugurating  the  work  of  our  Section  at  this  Meeting  of  t^e  Association. 

It  is  with  no  light  heart  that  I  undertake  this  task,  for  there  are  present  here 
to-day  those  whose  much  longer  experience  and  far  more  intimate  connection  with 
the  progress  of  our  science  render  it  presumption  on  my  part  to  address  them  on 
this  subject  at  all. 

It  is  well  known  that  the  history  of  British  Chemistry,  as  indeed  that  ot 
British  Science  in  seneral,  is  a  very  remarkable  one :  it  is  almost  entirely  made  up 
of  achievements  which  are  the  result  of  private  initiative ;  and  the  persons  who 
have  taken  part  in  the  making  of  this  history  have,  with  some  notable  exceptions, 
not  been  servants  of  the  State,  and  have  thus  differed  from  the  makers  of  scientific 
history  in  idmost  ever^  other  country  in  the  world.  Thus  the  opportunities  for 
the  investigations  which  are  recorded  in  the  'Transactions'  of  our  Chemical 
Society  have,  for  the  most  part,  not  been  provided  out  of  the  public  purse,  but 
by  private  individu^s  or  by  institutions  which  have  been  created  by  private 
benet  action. 

This  unique  condition  of  things  is  well  illustrated  by  taking  up  a  volume  of 
the  '  Chemical  Society's  Journal '  and  glancin^^  at  the  table  of  contents. 

Thus  in  the  volume  for  1881,  taken  at  random,  we  find  that,  out  of  the  seventy- 
five  original  communications  which  it  contains,  only  thirteen  emanate  firom 
Gk>vemment  laboratories,  whilst  what  will  surely  not  a  little  surprise  the  scientific 
historian  of  some  centuries  hence  is  the  circumstance  that  there  are  only  four 
communications  from  the  so-called  'ancient  seats  of  learning'  of  the  United 
Kingdom,  no  fewer  than  three  of  which  are  by  one  and  the  same  investigator. 
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Agaivi  most  noteworthy  is  the  fact  that  as  many  as  five  contributions  are  from 
distinguished  amateurs.  '  We  have  been  told,  on  what  many  persons  regard  as 
high  authority,  that  England  is  suffering  from  amateurism  in  ail  departments  of 
life;  and  however  true  this  may  be  as  a  ffeneral  proposition,  the  amateurs  of 
British  Science,  like  Gladstone,  Schunck,  and  Perkin  amongst  living  chemists,  are 
assuredly  some  of  the  most  valued  possessions  of  this  count^. 

On  looking  back  a  quarter  of  a  century  into  the  nast  it  is  at  once  apparent 
how  greatly  during  that  short  period  of  time — less  than  a  generation  of  men — 
have  the  opportumties  for  higher  chemical  training  been  extended  and  multiplied 
in  our  midst.  I  think  I  shall  not  be  far  wrong  in  saying  that  imtil  twenty-five 
years  ago  practically  the  only  public  laboratories  in  which  the  higher  study  of 
chemistry  could  be  pursued  were  Uiose  of  the  Royal  College  of  Chemistry,  the 
Royal  Institution,  of  University  and  King's  Colleges,  London,  the  Universitv 
laboratories  of  England,  Scotland,  and  Ireland,  as  well  as  those  of  the  Queen^ 
Colleges  and  of  the  Royal  College  of  Science  in  the  sister  island :  to  which  must 
be  added  the  laboratories  of  two  institutions  of  a  somewhat  different  type,  vin., 
Owens  College,  Manchester,  and  Anderson's  College,  in  this  great  city  of  the 
north.  It  is  the  rapid  multiplication  of  institutions  of  the  Owens  CoUeffe  type 
that  constitutes  prooably  the  most  important  feature  in  the  higher  intellectual 
development  of  the  population  of  this  country  during  the  piut  quarter  of  a 
century ;  indeed,  it  may  very  possibly  be  found  m  the  future  that  this  constitutes 
the  most  striking  landmark  in  the  history  of  British  intellectual  progress  during 
recent  times.  A  glance  at  the  following  table  will  show  the  remarkably  rapid 
growth  of  these  institutions  during  the  last  quarter  of  the  nineteenth  century : — 


Opening  of  Unxverdty  Colleges, 


University  College,  London .        .  1828 
King's  College,  London        .        .  1831 
Owens  College,  Manchester .  1851 
Durham  College  of  Science,  New- 
castle           1871 

University  College,  Abeiystwith  .  1872 

Yorkshire  College,  Leeds  .  1876 

University  College,  Bristol  .        .  1876 


University  College,  Nottingham 
Firth  College,  Sheffield 
Mason  College,  Birmingham 
University  College,  Liverpool 
University  College,  Dundee . 
University  College,  Cardiff  . 
University  College,  Bangor  . 


1877 
1879 
1880 
1882 
1882 
1883 
1884 


Finsbury  Technical  College  1  f^.    r^A\A^ 
Central  Institution  ^  jCityGuUds 


/1883 
•\1885 


Thus  the  opening  of  the  greater  number  of  these  institutions  falls  within  the 
decade  187&-188I. 

The  benefits  arising  from  the  creation  of  these  numerous  institutions  have 
not,  however,  been  by  any  means  limited  to  those  persons  who  have  actually  taken 
advantage  of  their  instruction,  for  their  existence  has  stimulated  the  establish- 
nuent  of  many  other  institutions,  some  of  which,  like  the  two  Colleges  founded 
and  maintained  out  of  the  resources  of  the  City  and  Guilds  of  London,  although 
more  limited  in  their  scope,  afford  equal  or  even  greater  opportunities  for  higher 
scientific  training  in  the  particular  branches  which  are  represented. 

The  foundation  of  these  University  Colleges  and  of  other  institutions  for 
higher  education  by  private  initiative,  and  without  a  particle  of  assistance  from 
the  public  exchequer,  is  quite  in  keeping  with  ihe  history  of  a  country  in  whkh 
it  is  recognised  that  the  Government  does  not  lead,  but  only  follows  where  it  is 
drawn  or  propelled. 

It  would  certainly  be  anticipated  that  such  a  large  addition  to  the  machinery 
for  higher  scientific  training  as  is  represented  by  the  creation  of  these  numerous 
local  colleges  during  the  past  twenty-five  years  would  have  had  a  marked 
influence  on  the  output  of  scientific  discovery  in  this  country.  We  will  endeavour 
to  ascertain  whether  such  a  result  is  discernible  in  the  case  of  chemical  science. 
Turning  to  the  'Transactions  of  the  Chemical  Society,'  I  have  compiled  the 
following  table  in  the  hope  of  obtaining  some  information  on  this  point : 
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Origina 

I  Qmimunicatums  in 

I 
29  ,  1862  . 

the  Transactums 

of  the  Chemical  Soe 

.    49  !  1888  . 

ieiy. 

1849  . 

81 

1 

1  1875  . 

.  75 

1850  . 

33 

1863  . 

51 

1876  . 

.  64 

1889  . 

.  71 

1851  . 

33 

1864  . 

54 

1877  . 

.  58 

1890  . 

.  71 

1852  . 

28 

1865  . 

49 

1  1878  . 

.  61 

1891  . 

.  95 

1853  . 

22 

1866  . 

47 

1  1879  . 

.  84 

1892  . 

.  90 

1854  . 

23 

1867  . 

49 

.  1880  . 

.  76 

1893  . 

.  104 

1855  . 

30 

1868  . 

47 

1  1881  . 

.  75 

1894  . 

.  83  1 

1856  . 

14 

1869  . 

37 

'  1882  . 

.  65 

1895  . 

.  116  ' 

1867  . 

14 

1870  . 

38 

1  1883  . 

.  63 

1896  . 

.  117 

1858  . 

30 

1871  . 

28 

t  1884  . 

.  67 

1897  . 

.  114 

1869  . 

21 

1872  . 

32 

i  1885  . 

.  85 

1898  . 

.  102 

1860  . 

26 

1873  . 

46 

1  1886  . 

.  85 

1899  . 

.  120 

1861  . 

32 

1 

1874  . 

49 

1  1887  . 

1 

.  88 

1900  . 

.127 

1 

The  infonnation  furnished  by  these  figures  is  also  presented  in  a  graphic  form 
by  means  of  the  lower  curve  in  the  diagram  facing  p.  593. 

The  activity  displayed  in  chemical  research,  as  measured  by  the  nitmbdr  of 
original  communications  to  the  Ohemical  Society,  is,  however,  best  followed  by  a 
consideration  of  the  aggregate  number  of  papers  contributed  during  the  three 
following  decades: — 

Total  Number  of  Papers  in 
Decade  '  Transactions  of  Chemical  Society  * 

1855-1864 352- 

1865-1874 422 

1875-1884 641 

1886-1894 847 

From  these  figures  it  is  manifest,  even  without  the  application  of  any  of  those 
mathematical  processes  in  which  modern  chemists  are  oecoming  so  expert,  that 
the  most  remarkable  increase  in  the  number  of  ori^nal  investigations  is  indeed 
coincident  with  that  decade,  1875-1884,  in  which  the  great  majority  of  the 
institutions  to  which  I  have  referred  began  to  throw  their  prismatic  rays  of 
Imowledge  on  many  t^iousands  who  until  then  were  sitting  in  shadow  or  even  in 
darkness. 

That  these  new  institutions  should  have  so  immediately  borne  fruit  in  the 
manner  I  have  indicated  cannot  fail  to  be  surprising  to  those  who  have  been 
associated  with  the  early  years  of  almost  any  of  tnese  coU^es,  for  when  a  faithful 
record  of  the  experiences  of  their  first  professors  is  vnritten  the  extraordinary 
obstacles  which  these  pioneers  had  to  encounter,  and  which  in  so  many  cases  they 
successfully  overcame,  should  afford  material  for  a  most  remarkable,  instmctive, 
and  even  amusine  volume.  The  worthy  founders  and  their  executors  or  trusteee 
appear  in  generiu  to  have  supposed  that  it  viras  only  necessary  to  provide  a 
spacious  building,  and  then  appoint  a  staff  of  professors  who  were  to  do  tiie  rest, 
whilst  the  necessity  of  toids  for  annual  upkeep,  for  libraries,  and  for  awrigtantB 
was  almost  overlooked. 

It  has  indeed  been  learnt  by  bitter  experience  that  the  cost  of  efficiently 
maintaining  institutions  of  this  most  ambitious  character  is  enormously  ffieater 
than  was  supposed  in  this  country  twenty-five  years  ago,  and  that  founding  a 
college,  far  from  resembling  the  inauguration  of  a  remunerative  business,  is  veiy 
like  entrance  into  the  bond  of  matrimony,  with  its  attendant  annually  increasing 
demand  upon  the  pecuniary  resources  of  the  paterfiEunilias. 

It  would  not  indeed  be  surprising  if  some  of  these  modem  coUe^  had  been 
long  debased  from  contributing  directly  to  the  progress  of  scientific  investigation 
in  this  country,  for  this  was  often  assuredly  considered  amongst  the  least  of  the 
many  arduous  duties  imposed  upon  their  first  professors.  Ascertained  canacitv  to 
enrich  science  was  in  some  cases  alqiost  a  presumptive  ^is^nalifipi^tion  inr  t||^ 
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eh&irsy  or  at  any  rate  took  a  back  seat  beside  enthusiasiii  for  eyening:  classes  and 
faith  in  the  eflicacy  of  that  mysterious  panacea  'technical  instruction/  It  is 
indeed  lamentable  to  think  of  the  valuable  years  of  productive  work  lost  to  the 
country  through  so  much  of  the  energy  of  these  early  professors  having  been 
sacrificed  to  these  veritable  fetishes  of  our  would-be  educational  reformers. 

Notwithstanding  the  un&vourable  conditions  under  which  most  of  these 
imiversity  colleges  had  in  the  first  instance  to  carry  on  woric,  it  was  not  long 
before  they  showed  that  they  were  to  become,  even  during  the  tenure  of  office  of 
their  first  professors,  important  centres  for  the  prosecution  of  research — at  least 
as  far  as  cnemical  science  v^as  concerned.  Owens  College  had  indeed  already 
led  the  way  in  this  matter  before  the  period  with  which  I  am  more  especially 
concerned  to-day,  for  there  the  first  professor  of  chemistry  had  pursued  his 
memorable  invesdgations  on  the  organo-mdtaUic  compounds,  and  had,  within  the 
first  five  years  after  the  foundation  of  the  College,  enunciated  that  generalisation 
which  was  subseimontly  extended  into  the  law  of  valency ;  whilst  under  his  sue* 
(lessors,  Sir  Henry  Roecoe,  Schoriemmer,  Harold  Dixon,  and  Perkin,  jun.,  the  Owens 
College  has  become  perhaps  the  largest  and  best  equipped  school  of  scientific 
chemistry  in  the  British  Islands. 

From  the  Yorkshire  College,  Leeds,  opened  in  1875,  there  proceeded  imme« 
diately  in  rapid  succession  that  whole  series  of  careful  investi^tions  rating 
more  especially  to  specific  volume  and  other  physical  constants  whidi  we  associat-e 
wiUi  its  first  diemical  professor,  Thorpe,  and  his  coadjutors. 

In  the  west  of  England,  where  the  University  College  of  Bristol  was  opened 
in  1876,  the  chair  of  chemistry  was  first  occupied  by  the  man  who  has  so  recently 
once  more  proved  to  the  world  that  there  are  discoveries  made  in  these  islui  js 
which  for  striking  originality  and  independence  are  unsurpassed  and  hardly 
equalled  elsewhere.  It  was  during  his  tenure  of  the  chair  at  Bristol  that 
Ramsay,  assisted  by  his  able  feUow-worker  and  successor  Sidney  Young,  carried 
out  those  important  and  most  laborious  investigations  on  vapour  pressure  and 
the  thermal  properties  of  liquids  which  not  only  displayed  his  extraordinary 
fertility  and  resource  as  an  experimenter,  but  also  revealed  that  exceptional 
f^reehness  of  mind  which  has  enabled  him  to  discern  new  methods  of  attacking 
problems  that  have  already  engaged  the  attention  of  many  able  men  before 
him. 

Turning  from  the  west  of  England  to  the  Midlands,  where,  in  1880,  there  was 
founded,  through  the  private  munificence  of  the  late  Sir  Josiah  Mason,  a  college 
bearing  his  name,  which,  before  even  attaining  its  majoriti^,  was  transformed  at 
the  psychological  moment,  as  by  the  wand  of  the  magician,  into  the  University  of 
Birmingham.  The  first  professor  of  chemistry  at  the  Mason  College,  my  dis- 
tinffuished  predecessor,  Tilden,  soon  made  opportunity  there  to  continue  those 
early  researches  on  the  terpenes  with  which  his  name  will  always  be  associated. 
We  find  him  also  further  elaborating  the  important  uses  as  a  reagent  of  nitros^l 
chloride,  which  he  had  a  number  of  years  previously  shown  how  to  prepare  in  a 
state  of  purity,  and  which  has  played  a  somewhat  similar  part  in  the  exploration 
of  the  terpene  hydrocarbons  that  phenjrlhydrarine  has  done  in  the  elncidatioii  of 
the  sugar-group.  In  addition  to  tnese  investiffations  we  find  Tilden  at  Birmingr 
ham  &o  turning  his  attention  to  some  of  the  pnenomena  attending  the  solution  of 
salts.  The  younger  men  attached  to  the  Mason  College  also  found  there  the  oppo^ 
tunity  of  enrichmg  chemical  science  with  the  results  of  notable  investigations;  for 
do  we  not  all  remember  Thomas  Tumer^s  valuable  contributions  to  our  know- 
ledge of  the  influence  of  chemical  composition  on  the  physical  and  mechanical 
properties  of  cast  iron  P  Whilst  early  amongst  those  detailed  investigations  on 
the  phenomena  of  solution,  which  in  recent  years  have  had  such  far-reaching 
efiects  on  the  development  of  our  science,  must  be  mentioned  Dr.  NicoFs  experi- 
ments on  the  volume  changes  attending  the  mixture  of  salt  solutions,  and  on 
the  molecular  volume,  the  boiling-point,  and  expansion  of  such  solutions. 

In  the  bleak  north-east  of  our  islsAd,  at  Dundee,  where  a  college  was  founded 
in  1882  with  an  extremely  handsome  endowment  by  members  of  the  Baxter 
ffimp^,  ^e  first  professor  of  phemistry,  Camelley,  fire4  bj^  t)^at  r^less  and  almost 
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perfiaryid  energy  which  doubtlees  hastened  his  untimely  end,  soon  found  oppor- 
tunity to  inteiTogate  Nature  in  various  directions,  notwithstanding  the  arduous 
teaching  duties  which  his  insatiable  love  of  work  had  imposed  upon  himself.  Thus, 
already  in  1884,  we  find  him,  in  his  quest  for  material  which  should  throw  lig^t 
on  Uie  periodic  relationship  of  the  elements,  continuing  his  laborious  worit  on 
melting-points  and  publishing  those  two  ponderous  quarto  volumes  in  which  every 
known  melting-point  was  recorded,  and  forming  truly  one  of  the  most  remurkaUe 
compilations  ever  attempted  in  our  science.  Of  these  volumes  he  might  indeed 
have  said,  *  Exegi  monumentum  8Bre  perennius,'  for  they  will  assuredly  prove  a 
record  of  the  boundless  enerffy  which  characterised  the  man,  more  imperishable 
even  than  the  memorial  tablet  erected  by  his  admiring  students  and  friends  in 
the  entrance  hall  of  the  Dundee  laboratory,  which  he  bmlt  and  loved  so  welL 

Yet  another  chemist,  whose  untimely  death  we  have  had  to  lament  during  the 
past  twenty  years,  laboured  with  marked  zeal  in  one  of  these  new  colleges,  for  it 
was  at  Aborystwith  that  Humpidge,  regardless  of  his  delicate  health  and  in  spite 
of  the  altc^ther  unreasonable  ouraen  of  teaching  dudes  imposed  upon  him  by  the 
terms  of  his  appointment,  contributed  to  our  knowledge  of  the  atomic  wei^t  of 
beryllium,  ana  participated  in  establishing  the  podtion  occupied  by  that  metal  in 
the  natural  classification  of  the  elements. 

Time  does  not  permit  me  to  further  dilate  upon  the  great  activity  displayed  by 
many  of  the  first  occupants  of  the  chairs  of  chemistry  in  these  provincial  UniversitT 
Ck>llege8.  It  is  also  unnecessary  for  me  to  do  more  than  remmd  you  of  the  woiv 
aeeomplished  by  the  two  Colleges  of  the  Oity  and  Guilds  of  London,  the  chemical 
laboratories  of  which  have  from  their  very  inception  been  under  the  stimulating 
influences  of  Dr.  Armstrong  and  Professor  Meldola,  foci  of  research  from  which 
a  number  of  young  chemists  of  distinction  have  already  emanated. 

In  recent  years  we  have  witnessed  the  genesis  of  another  class  of  institution, 
leas  ambitious  in  their  aspirations  than  the  University  Colleges,  but  indirectly  also 
of  moch  importance  in  their  bearing  upon  the  nurture  of  scientific  chemistry  in 
this  country.  I  refer  to  the  so-called  I^olytechnics  which  have  sprung  up  in  several 
parts  of  the  Metropolis,  and  to  some  other  institutions  of  similar  scope  in  difiermt 
parts  of  the  counti^.  If  research  in  the  University  Colleges  has  been  the  product 
of  their  professors  rather  than  of  the  environment  which  they  afibrd,  assuredly 
this  is  even  far  more  so  in  the  case  of  these  Polytechnics,  which  are  primarily 
eveningschoob  for  the  benefit  of  those  who  have  other  occupations  during  the 
day.  That  the  yoimg  lecturers  on  chemistry  at  these  places  should  find  time  and 
opportimi^  for  original  research,  and  that  sometimes  of  a  very  high  order,  is 
inaeed  a  brilliant  testimonial  to  their  indomitable  energy  and  resourcefulneeB. 
Overburdened  with  large  classes  until  late  hours  at  night,  often  in  those  remote 
and  hideous  parts  of  London  which  suggest  to  most  of  us  only  Slumland  and  the 
philanthropic  efforts  of  Toynbee  Hall  or  of  Dr.  Bernardo,  these  young  chemists 
awake  in  tne  morning  only  to  return  as  rapidly  as  possible  to  those  laboratories 
which  exercise  on  them  a  fascination  as  subtle  and  magnetic  as  that  which  draws 
the  commonplace  Englishman  to  the  golf-links,  the  cricket-field,  or  the  racecourse. 
It  was  in  the  laboratory  of  such  a  tedmkal  school,  the  Heriot  Watt  College,  at 
Edinburgh,  that  my  distinguished  predecessor  in  this  chair,  my  firiend  Professor 
Perkin,  created  his  opportunities  for  devising  and  carrying  out  those  now  claaricai 
methods  of  building  up  carbon  rings  which  are  the  admiration  of  all  organic 
chemists  throughout  the  world ;  methods  which  he  has  recently  brought  to  such 
a  pitch  of  perfection  that  he  is  not  only  able  to  forge  these  rings  in  geat  variety, 
but  to  '  bridge '  them  with  links  of  carbon  atoms.  It  was  at  the  Heriot  Watt 
College  also  that  his  work  on  berberin  was  performed,  and  it  was  here  that  he 
contracted  that  fertile  alliance  with  Dr.  Kipping,  his  able  coadjutor  in  so  many 
valuable  investigations. 

At  the  London  Polytechnics,  again,  more  recently,  we  have  had  similar 
examples  of  fertility,  for  are  we  not  all  familiar  with  the  masterly  work  of  Mr. 
W.  J.  Pope,  who  by  his  investigations  at  the  Goldsmiths'  Institute  bas^  extended 
our  Imowiedge  of  asymmetric  atoms,  and  has  shown  that  optical  activity,  which 
j^tlunrto  had  oply  lleei)  a^^ociated  with  carbon,  and  somewhat  doubtfmly  with 
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nitrogen,  can  certainly  be  produced,  not  only  by  asymmetric  pentad  nitrogen,  but 
also  by  tetravalent  tin  and  sulphur  ?  Dr.  Hewitt,  again,  wbom  I  am  proud  to 
number  among  my  former  students,  has  shown  that  the  laboratory  of  the  People's 
Palace,  WhitMshapel,  may  be  made  a  centre  in  which  abstruse  investigations  on 
the  aromatic  compounds  can  be  carried  on. 

There  is,  however,  perhaps  nothing  which  testiBes  more  strongly  to  the  zeal 
for  original  investigation  amongst  British  chemists  than  the  manner  in  which 
some  ot  the  science  masters  at  our  schools  have  participated  in  the  advancement  of 
chemical  knowledge.  Some  of  these  schools  have,  indeed,  from  time  to  time  secured 
the  services  of  men  whose  names  are  indelibly  engraved  ou  the  records  of  scientific 
chemistry,  and  it  is  from  the  laboratories  of  these  schools  that  in  some  cases 
perhaps  their  best  work  has  emanated.  Of  the  chemical  investigators  who  have 
laboured  in  school  laboratories  there  occur  to  me,  amongst  the  living.  Debus  and 
Clowes  at  Queenwood,  Tilden  and  Shenstone  at  Clifton,  Purdie  at  Newcastle- 
under-Lyme,  Brereton  Baker  at  Dulwich,  Charles  Baker  at  Shrewsbury.  To  these 
names  miffht  be  added  many  more ;  indeed  an  examination  of  the  list  of  Fellows 
of  the  Chemical  Society  shows  at  what  a  number  of  schools  throughout  the 
country  the  chemical  teaching  is  now  imparted  by  men  who  have  tSiemselves 
advanced  the  science  which  they  profess. 

From  the  conspicuous  instances  which  I  have  brought  before  you — and  they 
might,  did  time  allow,  be  greatly  multiplied— it  must  be  obvious  that  if  a  chemist 
only  possesses  the  necessarv  enthusiasm  and  qualifications  he  will,  no  matter  how 
inausnidous  his  surroundings,  succeed  in  doing  something  to  extend  the 
bounoaries  of  his  science,  and  I  think  I  may  go  further  and  say  without  fear  of 
contradiction  that  in  this  devotion  to  research  the  chemist  in  this  country  usually 
throws  into  the  shade  the  representatives  of  other  branches  of  science.  How  is 
this  pre-eminent  zeal  of  the  British  chemist  to  be  explained?  I  believe  that 
there  are  two  principal  causes  in  operation  which  have  brought  about  this  result. 
Firstly,  the  great  majority  of  the  higher  chemical  teachers  in  this  country  have 
been  trained  in  Germany,  or  have  oeeu  trained  by  men  who  were  themselves 
trained  there ;  and  secondly,  they  have  onl^  in  exceptional  cases  been  educated  at 
the  ancient  seats  of  learning.  Their  inspiration  and  enthusiasm  are  almost  in- 
variably directly  or  indirectly  traceable  to  a  German  origin,  and  this  fire  is  kept 
alive  by  their  remaining  in  constant  touch  with  German  chemical  literature. 

It  is  being  continually  impressed  upon  us  in  the  newspapers  and  dinned  into 
our  ears  from  every  platform  that  it  is  imperative  for  this  country  to  approximate 
more  to  Grerman  ideas  and  methods,  and  in  general  to  cast  away  our  insular  pre- 
judices, obstinacy,  and  self-satisfaction.  We  chemists  have  already  done  these 
things;  we  have  emancipated  ourselves  from  the  mischievous  illusions  which  have 
a  tendency  to  thrive  in  a  country  enjoying  an  isolated  geographical  position.  For, 
during  the  last  half  century  the  academic  springs  of  Germany  have  been  visited 
by  a  stream  of  young  Engush  chemists,  a  stream  which,  for  the  perennial  regularity 
CI  its  flow,  reminds  one  indeed  of  the  pilgrimage  made  by  our  lashionable  invalids 
to  the  same  coimtry  in  the  hope  of  correcting  the  effects  of  high  living  by  the 
waters  of  Homburg,  Eissingen,  and  IrViesbn^o.  There  must  indeed  be  few 
chemists  who  return  from  the  German  temples  of  science  without  bringing  back 
at  least  a  spark  of  the  sacred  fire  to  be  kindled  on  an  altar  at  home ;  and  although 
at  times  it  may  be  stifled  by  the  island  fog,  or  bum  low  through  the  scarcity  of 
fuel,  it  generally  smoulders  long  before  going  out  altogether. 

The  chemist,  again,  is  generally,  as  I  have  said,  unfettered  by  an  English  uni- 
versity record :  he  stands  or  falls  by  the  work  of  his  life,  and  not,  as  so  many  others 
do,  by  the  reputation  which  ihej  have  made  in  three  short  years  of  adolescence  at 
one  of  the  ancient  seats  of  learning. 

The  spirit  of  research,  which  was  formerly  but  a  sporadic  manifestation  within 
the  walls  of  these  venerable  institutions,  has,  however,  now  become  endemic  there 
also,  and  for  a  number  of  years  past  chemical  literature  has  received  a  continuous 
stream  of  original  communications  from  Oxford  and  Cambridge,  as  well  as  from 
the  Universities  of  Scotland  and  Ireland.  Instead  of  those  occasional  contribu- 
tions which  were  customary  in  the  past,  we  have  now  evidence  that  these  centres 
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in  Beveral  cases  yield  to  none  in  the  energy  and  success  with  which  chemical  in- 
vestigation is  being  pursued,  and  that  the  work  of  the  chemical  stafi*  is  being 
shared  in  by  adyanc^  pupils  trained  at  these  universities  themselves.  In  this 
connection  it  is  quite  unnecessary  for  me  to  remind  you  of  the  contributions  to 
British  chemistry  within  recent  years  by  Crum  Brown'and  his  pupils  at  Edinbuighy 
by  Japp  at  Aberdeen,  by  Purdie  and  James  Walker  at  the  duplex  university 
now  working  so  harmoniously  north  and  south  of  the  Tay,  by  Emerson  BeynoUis 
at  Dablm,  and  by  Harcourt  and  Harold  Dixon,  Liveing  and  Dewar,  Ruhennami, 
Heycock  and  Neville,  Fenton,  Sell,  Marsh,  and  others,  who  have  brought  our 
science  into  such  living  prominence  on  the  banks  of  the  Cam  and  the  Isis. 

It  is,  however,  not  at  home  only  that  British  chemists  have  displayed  theb 
devotion  to  research,  for  with  the  world-wide  relations  of  the  empire  it  has 
naturally  fallen  to  the  lot  of  some  of  our  number  to  carry  the  science  to  the  utter^ 
most  parts  of  the  earth,  but  it  is  surely  a  matter  of  which  we  may  be  justljr  protMl 
that  some  of  these  missionaries,  like  Mallett,  Idversidge,  Pedler  and  Kenme,  have 
in  these  distant  lands  carried  out  a  number  of  most  important  scientific  investiga- 
tions ;  whilst  to  one  of  them,  Dr.  Divers,  belongs  the  great  distinction,  not  only 
of  having  carried  chemistry  to  the  Far  East,  but  of  having  reared  a  most  active 
school  of  chemical  research  in  that  fascinating  island  empire  of  the  rising  sun  and 
the  chrysanthemum  which  has  won  the  unfeigned  admiration  of  the  West. 

The  annals  of  British  Chemistry  are,  however,  by  no  means  anexdusiye  record 
of  the  exploits  of  those  engaged  in  the  teaching  oi  our  science.  I  have  already 
referred  to  the  importance  of  the  contributions  made  by  men  of  leisure,  bat  an 
equally  noteworthy  feature  of  BHtish  Chemistry  is  that  its  progress  has  been  so 
often  furthered  by  men  who  have  snatched  the  time  for  investigation  out  of  a  busy 
professional  or  industrial  life.  Belonging  to  this  category  the  names  of  a  long  line 
of  distinguished  chemists  of  our  own  time  suggest  themselves :  Warren  de  la  Rue, 
Hugo  Muller,  Sir  John  Lawes,  Sir  William  Crookes,  Sir  William  Almey,  Peter 
Griess,  Newlands,  CSullivan,  Horace  and  Adrian  Brown,  Harris  Morns, 
Cross,  and  Bevan.  To  this  group  of  chemists  belongs  also  Dr.  Ludwig  Mood, 
whose  technical  researches  have  been  of  such  great  value  to  industrial  chemistiy, 
whilst  his  devotion  to  the  pure  science  is  attested  by  his  interesting  discoveiy  and 
investigation  of  the  metalhc  carbonyl  compounds,  and  by  his  conception  and  muni- 
ficent endowment  of  the  Davy-Faraday  Laboratory,  in  which  such  unique  oppor- 
tunities for  research  have  been  provided  by  him. 

This  would  appear  to  be  the  most  fitting  moment  also  to  refer  to  certain  other 
institutions  intended  for  purposes  of  research  which  have  been  established  during 
the  past  twentj-five  years.  Of  these  the  first  is  the  Rothamsted  Laboratory,  so 
celebrated  dunng  the  last  half-century  for  the  memorable  investigations  of  Lawes, 
Gilbert,  Pugh,  and  Warington,  but  which  has  more  recently,  through  the  generosity 
of  the  late  Sir  John  Lawes,  been  rendered  a  permanent  home  for  Sie  elucidation  of 
agricultural  problems  both  by  laboratory  experiments  and  by  trials  in  the  field. 
fondly,  there  is  the  Research  Laboratory  which  the  Pharmaceutical  Society 
has  established  with  the  view  of  raising  to  a  higher  level  the  chemical  education 
of  its  most  promising  future  members.  This  laboratory  has  furnished  tin 
opportunity  for  the  valuable  investigations  of  its  first  director,  Professor  Dum- 
stan,  and  of  his  successor,  Dr.  Collie.  Still  more  recently  a  chemical  researdi 
laboratory  has  been  established  in  the  Imperial  Institute.  That  noble  building 
has  within  the  last  few  years  undergone  a  process  of  transverse  subdivision,  one- 
half  having  assumed  an  independent  existence  as  the  nucleus  of  that  still  crystal- 
lising bod^,  the  University  of  London ;  whilst  in  the  remaining  half  the  worik  of  tine 
Institute  is  now  carried  on  in  such  mlence  that  we  have  almost  forgotten  its  exist- 
ence. For  where  is  the  florid  music  with  which  on  summer  nights  the  air  of 
South  Kensington  was  wont  to  reverberate  ?  Gone.  Gone  also  are  the  tea-tables, 
the  gardens  with  their  million  fairy  lights,  and  the  promenading  crowds  in  gay 
attire.  But  if  the  Institute,  founded  by  public  subscription  to  watch  over  an<i 
advance  the  prosperity  of  the  British  dominions,  has  been  impoveri^ed  by  the 
discontinuance  of  these  revels,  it  has  become  enriched  and  has  gained  in  dignity  by 
the  creation  witiiin  its  wallsof  a  liesearch  Laboratory  in  which  Professor  Punstan  and 
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his  asmfltanta  are  busily  investigating  the  chemical  nature  of  numerous  interesting 
products  obtained  from  all  parts  of  Greater  Britain. 

There  can,  in  my  opinion,  be  no  doubt  that  this  much  extended  cultivation  of 
scientific  chemistry  in  this  country,  which  is  such  a  noticeable  feature  of  the  con- 
cluding years  of  the  nineteenth  century,  has  been  greatly  assisted  by  a  most  fortu- 
nate, and  more  or  less  accidental,  circumstance,  without  which  the  energy  and 
enthusiasm  of  our  chemical  teachers  would  have  been  seriously  restricted  in  their 
influence.  I  refer  to  the  very  substantial  surplus,  producing  an  income  of  6,000/. 
to  7,000/.  a  year,  of  which  the  Commissioners  of  the  1861  Exhibition  found  them- 
selves possessed,  and  its  utilisation  on  the  advice  of  the  late  Lord  Play  fair  for 
the  purpose  of  the  Research  Scholarships  which  have  for  some  ten  years  past  been 
8o  highly  prized  by  all  the  educational  institutions  permitted  to  participate  in 
them.  The  good  wrought  by  these  scholarships  has  been  very  far-reaching,  and  it 
would  be  difficult  to  praise  too  highly  the  wisaom  displayed  by  the  Commissioners 
in  drawing  up  the  conditions  on  which  they  are  awarded.  Firstly,  by  not  limiting 
them  to  any  one  science,  they  have  stimulated  a  wholesome  rivalry  between 
departments  to  bring  on  their  promising  students  to  the  level  of  scientific  investi- 
gation. Secondly,  they  have  compelled  the  governing  bodies  of  educational  insti- 
tutions to  recognise  and  make  provision  for  research  as  part  of  the  regular  pro- 
gramme of  these  places.  Thirdly,  they  have  encouraged  talented  students  to 
devote  an  additions!  year,  or  even  more,  to  their  education  in  the  hope  of  securing 
one  of  these  prizes ;  and  these  students  have  thus  provided  their  teacners  with  the 
persownel  necessary  for  carrying  on  scientific  work.  Fourthly,  the  scholars  them- 
selves have  had  the  inestunable  advantage  of  extending  their  horizon,  and  of 
coming  in  contact  with  other  teachers,  other  schools  of  thought,  and  other  views 
of  life.  Fifthly,  these  scholars  on  their  return,  and  before  they  have  obtained 
definite  employment,  are  welcomed  as  supernumeraries  in  English  colleges,  where 
they  have  an  opportunity  of  continuing  their  researches,  and  where  they  assist  in 
iml>ning  the  students  with  the  spirit  which  they  have  themselves  imbibed.  Lastly, 
these  and  other  scholarships  of  a  similar  character  are  providing  the  country  with  a 
body  of  highly  trained  men  whose  value  to  the  nation  is  annually  becoming  more 
appreciated,  and  whose  work  will  continue  to  bear  fruit  directly  or  indirectly  for  an 
indefinite  period  of  time.  These  Exhibition  scholarships  have  now  been  awarded 
since  1891,  and  already  no  fewer  than  sixty-five  chemists,  including  three  women, 
have  enjoyed  the  enormous  privilege  of  extending  their  education  for  a  period  of 
two,  and  in  special  cases  even  three,  years  under  the  most  favourable  sur- 
rounding. 

Bearing  in  mind  the  rooted  objection  which  pervades  the  people  of  this  country 
to  expend  any  public  money  on  higher  education,  it  is  marvellous  that  it  should 
have  oeen  possible  to  employ  this  fund,  which  after  all  is  of  a  ^uasi-public  character, 
for  what  may  be  described  as  educational  use  at  a  high  potential,  instead  of  its  being 
dissipated  in  the  manner  so  dear  to  Englishmen,  by  benefiting  to  an  infinitesimid 
extent  a  much  larger  number  of  persons.  Indeed,  but  for  the  vertebrate  cha- 
racter of  the  Commisdoners  in  1877,  the  fund  would  have  been  thus  frittered  away, 
for  in  that  year  they  were  waited  upon  by  a  deputation  of  influential  persons  who 
urged  that  the  money  should  be  aistributed  in  grants  to  provincial  museums. 
Had  that  been  done  what  would  have  been  the  result?  The  masses  would 
have  had  a  few  more  glass  cases  to  gaze  at  on  wet  days  and  bank  holidays ! 

There  can,  I  think,  be  little  doubt  that  in  this  matter  of  the  allocation  of 
funds  intended  for  the  public  good  we  have  reached  a  tumine-point  in  the  road 
which  we  have  been  so  long  pursuing.  Until  recently  it  has  been  the  feeling  of  a 
very  powerful  majority  in  this  country  that  public  money  should  only  be  spent  in 
such  a  way  as  to  directly  benefit  very  large  numbers ;  and  in  the  case  of  educa- 
tional funds,  therefore,  it  was  only  their  utilisation  for  the  benefit  of  the  masses 
that  could  be  entertained.  Now,  whilst  it  is  indubitable  that  the  improvement  of 
our  primary  education  was  for  many  years  a  crying  necessity,  it  has  long  been 
obvious  to  a  minority  that  this  policy  is  systematically  starving  that  higher  edu- 
cation in  which  we  are  lagging  more  and  more  behind  those  other  countries  in 
ifhioh  greater  elasticity  prevails;  and  in  which  the  immediate  and  obvious  wants 
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of  the  community  receive  prompt  attention  without  regard  to  the  traditions  and 
doctrinaire  principles  of  a  past  p;eneration.  In  the  matter  of  higher  acientific 
education,  at  any  rate,  it  is  hecoming  more  and  more  widdy  recogniaed  that  its 
starvation  through  attention  heing  exclusively  directed  to  the  low-level  education 
of  the  masses  is  defeating  the  very  ends  which  this  policy  has  in  yiew.  Indeed, 
some  practical  men,  and  even  a  few  statesmen,  realise  that  the  many  are  heginning 
to  suffer  from  the  results  which  this  policy  has  had  on  our  manufactures  ami  cooi- 
merce,  without  which  the  multitude  can  baye  no  existence  at  alL 

The  more  than  princely  patronage  of  higher  education  hy  that  Sootnnan  who  hat 
not  forgotten  the  land  of  his  hirth  during  fifty  years  spent  in  a  country  whidi  has 
afforded  the  necessary  scope  for  his  genius  and  energies  illustrates  the  change  in 
the  wind  of  opinion  amongst  practical  men ;  for  Mr.  Andrew  Oarnegie's  handsome 
contribution  to  the  fimds  of  the  University  of  Birmingham,  and  his  endowment  of 
the  universities  of  Scotland  on  a  scale  which  is  altogether  without  precedent, 
clearly  show  which,  in  his  opinion,  are  the  rungs  in  the  educational  ladder  of  this 
country  that  require  strengthening  in  the  interest  of  those  yeiy  masses  which  it  ia 
his  earnest  desire  to  benefit.  The  still  more  recent  response  of  the  Gity  Council 
of  Birmingham  to  Mr.  Chamberlain's  suggestion  that  a  rate  should  be  leyied  in 
aid  of  the  uniyersity  of  that  city  is  further  evidence  that  Mr.  Carnegie's  practically 
expressed  opinion  is  shared  by  the  enlightened  rulers  of  that  great  munidpalitj  to 
which  I  haye  the  priyilege  of  belonging. 

These,  ladies  and  gentlemen,  are,  I  oelieye,  no  mere  sporadic  manifestattona,  bat 
unquestionably  slgna  of  the  times.  The  opening  of  the  new  century  is  in  reality 
a  year  of  yery  serious  awakening  to  those  En^ishmen  who  are  not  deaf  to  tiie 
yoices  in  the  air  around  them.  It  is  rapidly  dawning  upon  many  that  'the 
greatest  empire  which  the  world  has  ever  seen  *  cannot  be  maintainea  unless  we 
cast  off  insular  prejudices  and  traditions,  and  make  a  careful  study  of  those  points 
in  which  other  nations  are  our  superiors,  with  a  yiew  to  the  intelligent  adaptation 
and  development,  as  distinguished  from  mere  imitationi  of  their  methods  to  our 
own  particular  needs. 

The  survey  of  the  British  chemical  world  at  the  dawn  of  the  twentieth  oentury 
affords,  however,  scope  for  satisfaction  in  many  ways.  Not  only  haye  the  places 
in  which  higher  chemical  work  can  be  and  actually  is  carried  on  been  greatly 
multiplied y  but  the  number  of  workers  has  been  largely  increased ;  and  although 
the  enthusiasm  of  these  workers  cannot  well  be  greater  than  that  of  those  who 
laboured  so  successfully  twenty  years  and  more  ago,  it  has  not  become  diminished, 
and  is  certainly  difiusea  more  widely  amongst  the  personnel  of  our  colleges  and 
universities.  In  this  connection  I  need  only  remind  you  of  the  large  number  of 
active  and  independent  investigators  who  are  to  be  found  amon^  the  monbeis 
of  the  junior  staff  at  almost  every  coll^  in  the  country,  and  which  is  altogeywr 
without  parallel  in  the  past. 

There  are  hardly  any  of  the  great  problems  now  exeicidng  the  minds  <^ 
chemists  throughout  the  world  which  are  not  being  worked  at  dj  some  of  our 
number ;  whilst  that  some  chapters  in  the  recent  progress  of  chemical  science  are 
more  or  less  specifically  British,  I  would  only  remind  you  of  the  isolated  labours  of 
Dr.  Perkin  in  the  field  of  magnetic  rotatory  power ;  of  Sir  William  Crookeei's  ei^^ 
ration  of  the  phenomena  occurring  in  high  yacua ;  of  the  researches  of  Aboey, 
Russell,  and  Hartley  on  the  absorption  spectra  of  organic  compounds ;  of  the 
inyestigations  by  Harold  Dixon  and  Brereton  Baker  of  the  behayiour  of  substances 
in  the  complete  absence  of  moisture ;  of  the  extension  by  Pope  and  Smiles  of 
our  knowledge  of  ssymmetric  atoms ;  of  the  near  approach  to  the  absolute  sero 
of  temperature  by  bewar ;  and  of  those  marvellous  discoveries  of  Raleigh  and 
Ramsay  which  have  not  only  introduced  us  to  fiye  new  aerial  elements,  but  have 
reyealed  the  existence  of  a  Htherto  unknown  type  of  matter,  which  is  apparently 
incapable  of  entering  into  chemical  combination  at  all. 

But  whilst  we  may  thus  congratulate  ourselves  on  this  increased  activity  im 
chemical  investigation,  and  upon  the  maintenance  of  a  high  standard  of  quality  by 
the  exceptional  brilliancy  of  the  researches  of  some  of  our  number,  we  must  now 
carefully  consider  how  vve  stand  with  regard  to  the  absolute  quantity  of  our  output. 
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-  I  baye  called  your  attention  to  the  evidence  of  activity  in  the  British  chemical 
world  which  is  furnished  by  the  number  of  original  investigations  communicated 
to  the  Ohemical  Society  of  London.  Let  me  now  ask  you  to  turn  to  the  corre- 
sponding picture,  which  is  furnished  by  the  statistics  of  the  much  younger 
Chemical  Society  of  Berlin. 

Original  Communications  to  the  Chemical  Society  of  Berlin, 


1868  . 

.  97 

1877  . 

.  668 

1886  . 

.  696 

1895  . 

.  636 

1869  . 

.  252 

1878  . 

.  602 

1887  . 

.  708 

1896  . 

.  566 

1870  . 

.  277 

1879  . 

.  604 

1888  . 

.  658 

1897  . 

.  560 

1871  . 

.  288 

1880  . 

•  563 

1889  . 

.  601 

1898  . 

.  655 

1872  . 

.  303 

1881  . 

.  495 

1890  . 

.  630 

1899  . 

.  549 

1873  . 

.  420 

1882  , 

.  541 

1891  . 

.  677 

1900  . 

.  636 

1874  . 

.  616 

1883  . 

.  535 

1892  . 

.  553 

1876  . 

.  488 

1884  . 

.  646 

1893  . 

.  587 

1876  . 

.517 

1885  . 

.  686 

1894  . 

.  663 

A  comparison  between  these  figures  and  those  of  the  London  Ohemical  Society 
is  best  effected  by  means  of  the  diagram,  which  speaks  for  itself,  and  shows  that 
chemical  science  occupies  an  entirely  different  place  in  Germany  from  that  which 
it  even  now  does  in  this  country.  The  curves  in  the  diagram  hsar,  indeed,  some- 
what the  same  relationship  to  each  other  as  do  the  homely  elevations  of  the 
Grampians  to  the  snow-clad  peaks  of  the  Andes. 

Is  this  state  of  affidrs  to  continue  throughout  the  twentieth  century  P  Are 
intellectual  ambitions  to  be  for  ever  subordinated  to  the  extension  of  territory,  to 
the  acquisition  of  that  metal  which  has  had  its  atomic  weight  so  accurately 
determined  by  Thorpe  and  Laurie,  and  to  those  other  problems  which  iill  the 
political  horizon  P  JBven  the  most  recent  awakening  of  interest  in  higher  scientific 
education  is  not  altogether  of  the  breed  to  satisfy  us  as  men  of  science ;  for  the 
interest  is  assuredly  not  in  the  pursuit  of  knowledge  for  its  own  sake,  but  is 
aroused  by  the  desire  to  secure  those  material  advantages  which  it  Is  be^ning 
to  be  realised  must  inevitably  result  from  the  steadfast  prosecution  of  scientific 
research.  This  is  indeed  a  very  different  spirit  from  that  which  has  led  to  the 
prond  {position  occupied  by  science  and  learning  of  all  kinds  in  Germany. 

Schiller  has  truly  said— 

*  Knowledge  is  to  one  a  goddess,  to  another  only  an  excellent  cow/ 

I  fear  there  can  be  no  doubt  that  here  it  is  the  cow,  and  not  the  goddess,  that  is  in 
request.  Thus,  whilst  in  Germany  the  love  and  reverence  for  knowledge  preceded 
the  esteem  of  knowledge  for  the  material  benefits  which  it  confers,  we  must  hope 
that  in  our  country  the  eagerness  to  secure  the  material  advantages  will  perhaps 
lead  to  a  love  and  reverence  for  that  which  confers  them,  so  that  in  the  course  of 
time,  perhaps,  the  useful  cow  will  be  allotted  a  stall  on  Olympus,  or  be  at  least 
pastmnsd  on  the  grass  of  Parnassus. 

From  whatever  motive,  whether  utilitarian  or  otherwise,  we  wish  to  see  the 
position  of  science  in  this  country  raised,  and  the  qualitative  and  quantitative 
output  of  scientific  work  increased,  I  imagine  that  the  methods  to  be  immediately 
pursued  for  attaining  this  end  muse  be  very  similar. 

If  the  hij^her  teaching  of  science  is  to  be  really  encouraged  the  first  necessity 
is  that  this  higher  teaching  shall  offer  a  sufficiently  attractive  career  to  the  man  of 
ambition  as  well  as  to  the  enthusiast.  We  all  know  that  the  supply  of  enthusiasts 
of  intellectual  power  combined  with  capacity  to  perform  is  extremely  limited  and 
wholly  inadequate  for  carrjring  out  the  important  work  of  the  world,  and  that  the 
greater  part  of  such  work  is  actuaUv  done  by' men  of  ambition. 

In  order  that  the  academic  world  may  iit^act  the  ablest  men  of  ambition  as 
well  as  that  rara  ams,  ^e  able  enthusiasul^/ifl^j^eflsary  that  the  highest  prizes 
for  academic  distindaon  should  carry  similar  aocial  prestige,  similar  remuneration, 
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and  similar  opportunities  of  exerting  public  influence  as  are  enjoyed  by  tJbe  leaders 
of  oiher  proiessional  callings:  they  should  be  at  least  equal  to  thoee  of  tba 
Archbishop  of  Canterbury  or  of  the  Lord  Chancellor.  It  is  not  by  any  mcwjie 
necessary  that  such  prizes  should  be  numerous,  as  is  abundantly  d^nonsteted  bj 
the  Tolume  of  able  ambition  which  is  drawn  into  the  Church  and  to  the  Bar  by  tJie 
comparatively  few  opportunities  for  great  success  in  those  professions.  The 
enthusiasts  already  find  their  way  into  the  academic  world ;  and,  idthough  they 
maintain  the  quality  of  British  scientific  work,  they  are  unable,  b^  virtue  of 
their  scarcity,  to  maintain  the  quantity  which  is  essential  for  the  luxuriant  growth 
of  science  in  our  midst,  whilst  the  absence  of  such  tan^ble  rewards  as  are 
bestowed  in  other  spheres  of  intellectual  activity  prevent  the  importance  of  science 
being  recognised  by  a  public  which  has  no  appreciation  of  the  inward  and  spiritoal 
grace  unless  guided  by  the  outward  and  viuble  sign. 

Precisely  the  opposite  policy,  as  far  as  remuneration  is  concerned,  has,  however, 
been  pursued  in  the  academic  world  during  recent  years,  the  few  very  moderate 
prizes  which  formerly  existed  having  been  deliberately  commandeered  to  more 
nearly  equalise  the  value  o(  the  chairs  in  all  departments. 

The  principle  of  equalising  the  remuneration  of  difierent  chairs  is  as  inequitable 
as  it  is  utterly  unsound  from  a  business  point  of  view.  The  principle  is  unsound 
because  e(^ual  salaries  will  not  secure  men  of  similar  standing  m  difierent  sabjectSy 
it  is  inequitable  because  the  amount  of  work  attaching  to  the  chairs  of  different 
subjects  is  necessarily  very  unequal,  as  is  the  order  of  intellect  required  £[>r  the 
successful  discharge  of  their  duties. 

Again,  the  system  which  is  gaining  ground  in  this  country  of  allocating'  a 
certain  stipend  to  a  chair  is  unbusinesslike  and  mischievous.  It  is  as  irrati<mal  to 
fix  the  remuneration  of  a  particular  chair  as  it  would  be  to  fix  the  price  to  be  paid 
for  one's  portrait,  irrespectively  of  whether  it  were  taken  by  a  photognnher  or 
painted  by  a  Royal  Academician.  If  we  really  want  the  beet  man  m  any 
particular  professional  service,  whether  it  be  to  treat  us  for  a  disease,  to  plead  onr 
cause  in  a  court  of  law,  or  to  perform  on  some  musical  instrument  for  our  delecta- 
tion, we  know  that  we  must  make  up  our  minds  to  pay  the  price  which  the  beet 
man  commands  in  his  particular  profession,  and  it  is  absurd  to  suppose  that  the 
same  principle  does  not  hold  good  in  the  matter  of  securing  the  best  man  for  an 
academic  appointment.  This,  again,  is  intimately  connected  with  the  desirability 
of  providing  a  sufficient  number  of  steps  in  the  academic  ladder,  so  that  it  shall 
not  be  possible  for  the  *  young  man  of  promise  *  to  be  rushed  into  a  first-daas 
appointment  from  which  he  has  no  ambition  to  move  for  the  remainder  of  his 

Another  matter,  again,  requires  consideration  :  if  we  are  really  in  earnest  in 
the  attempt  to  bring  our  imiversities  abreast  of  those  in  other  countries,  our  chairs 
must  be  systematically  thrown  open  to  the  whole  world,  and  the  beet  men 
obtainable  secured,  irrespectively  of  their  nationality.  Not  only  have  small 
nations  adopted  this  plan,  but  even  the  nation  which  is  pre-eminent  for  its 
academic  strength  is  by  no  means  blind  to  the  importance  of  drawing  into  its 
service  from  the  outside  men  of  commanding  brilliance  and  power.  I  need  not 
remind  you  that  England  has  also  exhibited  a  ^vise  and  liberal  spirit  in  this 
matter  in  the  past,  and  that,  as  far  as  our  science  is  concerned,  this  policy  has  been 
most  fully  justified.  For,  consider  only  what  the  English  Chemistry  of  the  latter 
half  of  the  nineteenth  century  owes  to  the  genius  and  magnetic  influence  of  the 
imported  Hofmann.  I  can  imagine  the  electors  to  British  chairs  sugge&tmff  that 
there  might  be  linguistic  difficulties  in  the  way  of  carrying  out  such  a  pobcy,  in 
answer  to  which  1  wouid  appeal  to  the  pupils  of  Hofmann  to  say  whether  his 
stimulating  discourse  lost  anything  of  its  vigour  and  inspiration  through  the 
strong  Hessian  accent  with  which  every  wora  of  it  was  saturated.  It  is  to  be 
hoped  that  no  narrow  and  short-sighted  policy,  disguised  under  that  too  often  mis- 
used word  '  patriotism,'  will  seek  to  close  the  doors  of  our  universities  to  the  genius 
and  ability  of  other  nationalities. 

I  believe,  however,  that  one  of  the  most  umnt  and  pressing  of  Univenii^ 
reforms  is  that  greater  facilities  should  be  afforded  for  the  migration  of  studsDtt 
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from  one  umyerdty  to  another,  without  prejudice  to  their  acquiaition  of  a  decree. 
It  is  the  present  syatem,  which  practically  chains  an  imdergraduate  with  links 
of  steel  to  the  university  at  which  he  matriculates,  that  is  at  the  root  of  many  of 
the  evils  under  which  our  higher  education  is  labouring. 

The  uniyersity  at  which  a  youth  matriculates  is  often  determined  by  the 
fatuous,  although  pathetic,  wish  of  the  father  that  his  son  should  spend  his  time, 
I  will  not  say  work,  amidst  the  surroundings  which  awaken  such  pleasant 
memories  in  himself;  and  the  youth  once  within  the  magic  portals  has  little  or  no 
opportunity  of  rectifying  the  possible  mistake  of  his  fond  parent,  who  has  probably 
for  a  quarter  of  a  century  been  quite  out  of  touch  with  university  matters,  or  even 
divorced  from  the  intellectual  world  altogether. 

This  foolish  sentiment  of  loyalty  to  a  university  or  even  college  is  sometimes 
kept  up  for  generations,  and  I  have  met  persons  who  have  told  me  that  their 
£^ily  had  always  been  Balliol  or  Trinity  men,  with  the  same  sort  of  pride  that 
they  would  doubtless  have  informed  me,  had  they  been  able,  that  their  ancestors 
came  over  with  the  Conqueror  or  had  charged  with  the  Oavaliers  at  Naseby. 

The  prevalence  of  such  a  sentiment  shows  that  our  universities  are  principally 
valued  for  their  social  attractions,  as  well  as  for  their  past  history  and  ancient 
traditions,  in  which  connection  it  is  always  well  to  remember  that  a  living  dog  is 
better  than  a  dead  lion. 

The  possibility  of  students  dissociating  themselves  from  the  university  of  their 
matriculation  and  freely  migrating  from  one  school  to  another  would,  in  my 
opinion,  not  only  be  of  immense  advantage  to  the  students  themselves,  enabling 
them  to  obtain  the  best  instruction  in  each  particular  subject  and  greatly 
extending  their  horizon  and  knowledge  of  the  world,  but  it  would  operate  most 
Davourably  on  the  universitiee  themselves,  minimising  the  tendency  to  stagnation, 
and  compelling  those  who  hold  the  purse-strings  to  provide  for  the  strengthening 
of  weak  departments.  Nor  sholild  the  possibilities  of  migration  be  limit^  to  the 
Universities  of  the  United  Kingdom  or  even  of  the  British  Empire,  but  the  prospect 
should  be  kept  in  view  of  ultimately  effecting  an  arrangement  whereby  students 
could  enjoy  the  advantage  of  visiting  the  universities  of  other  countries. 

Such  migration  is,  of  course,  closely  connected  with  the  duration  of  the  period 
of  university  study,  and  in  this  matter  reform  is  most  ui^ntly  needed.  The 
traditional  three  years  devoted  to  the  ac(]uisition  of  a  degree  is  hopelessly 
inadequate  for  the  higher  purposes  of  university  training,  especmlly  when  the  very 
immature  age  at  which  English  students  gencotdly  begin  tneir  university  career 
is  taken  into  consideration.  The  period  of  academic  study  should  be  forthwi^ 
extended  to  five  years,  as  it  is  only  in  this  way  that  the  university  can  be  effec- 
tively made  a  centre  of  research.  Without  a  course  of  study  of  such  duration, 
and  of  which  research  forms  a  part,  it  is  quite  impossible  that  the  highly  trained 
men  who  are  now  so  urgently  needed  for  practical  avocations  should  be 
produced. 

In  this  connection,  again,  we  all  know  that  much  mischief  has  been  going  on 
in  recent  years.  Instead  of  the  terms  on  which  degrees  are  at  present  obtainable 
being  regarded  as  too  lenient  and  easy,  proposals  are  actually  being  put  forward 
in  some  quarters  to  enable  persons  attending  evening  classes  to  thereby  qualify  for 
university  degrees.  Now,  whilst  it  is  of  the  utmost  importance  to  provide 
abundant  opportunities  for  the  talented  poor  to  obtain  a  university  education  by 
reducing  the  fees  and  by  instituting  a  sufficient  number  of  bursaries,  it  is  impera- 
tive that  those  who  are  to  be  stamped  with  the  distinctive  mark  of  a  university 
should  have  devoted  their  whole  and  undivided  attention,  over  a  certain  period  of 
time,  to  iJie  courses  of  study  ]^rescribcd.  Let  us  beware  of  introducing  the  half- 
time  system  into  the  university,  a  system  which  we  know  to  be  a  deplorable 
makeshift  even  in  the  elementary  school. 

In  this  matter  of  the  aspirations,  scope,  and  functions  of  a  univeruty  we  have 
not  merely  to  contend  with  the  ignorance  and  apathy  of  the  average  IPhilistine, 
but  we  are  wrestling  against  princinalities,  against  powers,  and  against  darkness  in 
high  places.  Thus  only  four  months  ago  one  of  our  most  prominent  statesmen, 
w&ee  oracular  and  sporadic  utterances  inspire  amongst  miUions  almost  the 
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awe  and  respect  which  is  felt  for  the  supernatural,  is  rej^orted  in  the  cololiins 
of  the  daily  papers  to  have  said  at  one  of  the  most  important  educational 
gatherings  of  this  first  year  of  the  new  century: — *  You,  Mr.  Vice*Chiuicellor| 
spoke  of  the  stigma  that  would  rest  on  the  University  if  it  did  not  annually 
produce  some  work  of  original  research.  I,  from  another  point  of  view,  am 
contented  if  you  do  nothing  of  the  kind.  I  am  satisfied  to  think  that  in  a 
large  and  increasing  degree  vou  will  train  men  and  women  tit  for  the  manifold 
requirements  of  this  Empire/  This  statesman,  who  it  is  not  surprising  to  find  was 
educated  at  Eton  and  Oxford,  is  thus  of  the  opinion  to-day,  unless,  indeed,  his 
views  have  changed  in  the  interim,  that  it  is  possible  to  train  men  and  women  fit 
for  the  manifold  requirements  of  this  Empire  without  bringing,  at  any  rate,  some 
of  them  into  contact  with  the  living  spirit  of  research — ^that  spirit  which,  operating 
through  the  ages,  has  enabled  man  to  transform  the  wilderness  in  which  he  was 
placed  by  his  Creator  into  the  garden  of  material  and  intellectual  enjoyments  in 
which  tliat  statesman  was  himself  bom. 

I  would  ask  vou  to  contrast  with  the  views  of  the  distinguished  alumnus  of 
Eton  and  Oxford  the  utterance  of  another  statesman  who,  unhampered  hj  such 
educational  antecedents,  has  formulated  the  following  ideal  for  the  g^danceof 
that  university  which  he  bas  himself  created : — 

'  The  third  feature  to  whicli  I  should  call  attention,  and  which,  I  am  inclined 
to  say,  is  of  all  the  most  important,  is  that  a  university  should  be  a  place  where 
knowledge  is  increased,  and  where  the  limits  of  learning  are  extended.  Original 
research,  the  addition  of  something  to  the  total  sum  of  human  knowledge,  must 
always  be  an  essential  part  of  our  proposals.' 

Lastly,  we  have  to  consider  whether  this  university  work,  in  which  we  hope 
for  such  ^eat  developments  in  the  twentieth  century,  is  still  to  be  carried  on  by 
what  is  virtually  private  enterprise  and  private  endowment,  or  whether  it  is  to  be 
provided  for  by  taxation. 

If  the  reforms  and  developments  which  are  being  preached  from  so  manv 
platforms  are  to  be  really  carried  out,  if  even  our  higher  scientific  training  alone  is 
to  be  brought  into  line  with  that  which  is  provided  in  many  other  countries,  it  is 
indubitable  that  expenditure  will  have  to  be  enormously  increased.  Now, 
profoundly  as  we  all  admire  the  enlightened  public  spirit  of  the  men  and  women 
who  have  in  the  past  endeavoured  out  of  their  private  resdurces  to  help  forward 
the  ffreat  movement  of  higher  education,  it  is,  I  believe,  the  firm  conviction 
of  all  who  have  any  real  knowledge  of  what  this  higher  education  means, 
and  a  clear  conception  of  what  must  be  done  in  order  to  put  it  on  a  proper 
footing  in  this  country,  that  on  private  benefaction  alone  this  work  cannot  be 
accomplished.  But  even  if  private  endowment  could  raise  this  great  edifice 
in  our  midst,  it  is  obvious  that  we  should  have  to  wait  indefinitelv  for  its 
realisation.  Voluntary  contributions  cannot  be  made  to  come  at  the  bidding  of 
those  who  stand  in  need,  nor  directed  into  the  channels  where  they  will  produce 
the  most  good ;  they  have  to  be  patiently  waited  for,  with  the  result  that  valuable 
time  is  lost  and  opportunities  pass  by  never  to  return.  Private  benefaction, 
moreover,  is  almost  always  retrospective:  a  hospital  is  not  founded  by  the  chari- 
table until  the  sick  are  dying  unattended ;  almshouses  and  oiphanages  are  not 
thought  of  until  the  widow  and  the  fatherless  are  either  starving  in  the  streets 
or  begginjf  on  the  doorstep.  What  we  so  forcibly  recognise  m  this  matter, 
however,  is  that  we  have  not  only  to  make  up  for  leeway  in  the  past,  but  that  we 
must  now  exercise  prevision  to  prevent  similar  disastrous  lapses  in  the  future. 
The  state  of  afiairs  to  which  we  have  been  reduced  must  not  be  allowed  to  occur 
again ;  the  warnings  of  those  possessing  special  knowledge  in  these  matters  must 
not  be  disregarded  in  the  future  as  tney  have  been  in  the  past,  for  it  is  no 
exaggeration  that  the  whole  of  the  learned  societies  and  academic  bodies  of  this 
country  put  together  have  at  present  a  smaller  corporate  share  of  political 
influence  than  a  Temperance  League  or  a  Trades  Union.  To  what  has  this  state  of 
things  reduced  us  ?  The  humiliating  spectacle  of  '  the  greatest  empire  the  world 
has  ever  seen'  at  the  beginning  of  the  twentieth  century  witJiout  a  teadiing 
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tinivenitj  in  its  MetroDolis,  and  engaffed  upon  the  task  of  tardily  patching  one 
together  out  of  those  neterogeneous  elements  of  uncertain  Talency  which  are  to 
hand.  Is  the  completion  of  this  structure,  on  a  scale  challeDging  comparison  with 
the  universitiea  which  are  to  he  found  in  the  other  great  capitaJiB  of  Europe,  to  he 
delayed  until  a  millionairey  or  rather  series  of  millionaires,  can  he  induced  to 
finance  it  P  To  this  work,  and  to  other  works  like  it,  is  it  not  fitting  that  every 
inhahitant  of  this  country  should  contribute?  For  these  are  works  whick 
assuredly  benefit  all  classes,  not  only  of  this  generation,  but  of  those  which  are  to 
eome — at  least  as  much  as  the  acquisition  of  territory  at  a  distance  of  8,000  miles 
from  home,  and  for  which  purpose  the  nation  is  apparently  willing  to  pay  at 
the  rate  of  one  and  a  quarter  million  sterling  per  week  for  an  indefinite  period  of 
time. 

It  is  sometimes  urged  that  this  higher  education  does  not  benefit  the  masses ; 
but  could  any  contention  be  more  erroneous  P  The  poor  have  really  a  far  greater 
stake  in  the  prosperity  of  our  home  industries  and  commerce  than  the  rich ;  for 
whilst  the  decay  of  our  producing  power  will  remove  the  very  means  of  subsist- 
ence from  the  poor,  it  matters  vei^  little  to  many  of  the  rich  whether  their 
dividends  are  derived  from  home-enterprises  or  from  those  of  a  Billion  Dollar 
Coailnne  or  some  dmilar  transatlantic  Trust  or  Corporation. 

Higher  education  and  true  universities  are  also  amongst  the  most  potent  factors 
in  breaking  down  the  hereditary  stratification  of  society  and  in  minimising  the 
advantages  depending  upon  the  accident  of  birth,  so  that,  with  the  greatly 
enhanced  &cihties  ^mch  must  be  provided  for  students  without  means,  they 
should  afibrd  in  the  future,  even  more  than  they  have  done  in  the  past,  an  avenue 
for  the  humblest  boy  of  talent  to  that  pontion  which  he  is  bv  natural  endowment 
and  by  his  own  exertion  best  fitted  to  fill  in  the  interests  of  the  State. 

Is  this  great  work  of  raising  up  a  worthy  system  of  national  higher  education, 
and  of  creating  a  living  interest  and  widely  difiused  enthusiasm  for  knowledge  and 
for  the  increase  of  knowledge  in  all  its  branches,  going  to  be  accomplished  during 
the  century  of  which  we  have  but  crossed  the  threshold  P  Even  the  most  sanguine 
amonff  us  dare  not  unhesitatingly  say  Yes ;  but  assuredly  upon  the  answer,  which 
is  hidden  by  Uie  veil  of  the  inscrutable  future,  depends  in  the  very  highest  degree, 
not  only  the  material  and  intellectual  welfare  of  the  rising  generations,  but  also 
the  good  name  and  reputation  of  the  Empire  in  our  own  time  and  the  gratitude 
which,  above  aU  things,  we  should  strive  to  earn  firom  that  immortal  part  of  us 
which  we  call  Posterity. 


The  following  Papers  and  Report  were  read : — 

1.  DvUy-free  Alcohol  f<yr  Chemical  Beaearch.    By  W.  T.  Lawbbnob. 

*  The  pTdi&rU  oecanon  teems  opportune  to  direct  attention  to  the  fact  that  one  of 
the  moit  familiar,  mo$t  readily  procurable,  and  moKt  cheaply  produced  of  all  organic 
material  it  placed  beyond  the  reach  of  many  ttudentt  by  the  heavy  duty  levied  upon  U. 
May  I,  in  the  name  ofteachert  qf  organic  chemistry,  appeal  to  the  Board  qf  Inland 
Bev&nue,  on  behajf  of  seientifio  ana  technical  education,  to  provide  instituOont  for 
higher  education  in  science  m*h  a  limited  quantity  of  pure  alcohol  free  of  duty^ 
thereby  placing  schools  of  chemistry  in  this  country  in  the  same  position  as  those 
tff»  the  Continent ^'—Dt.  Juuus  B.  Cohbn,  'Practical  Oi^ganio  Chemistry/  Introduc- 
tion, p.  vL 

The  renuurkable  success  attained  by  the  Baden  Soda  and  Aniline  Factory 
in  the  modification  and  commercial  adaptation  of  laboratory  syntheses,  a 
success  which  has  lately  resulted,  after  some  nine  years  of  experimental  work,  in 
the  manufacture  of  indigo,  &c.,  has  demonstrated  that  organic  research  work, 
which  possessed  at  the  time  a  merely  theoretical  interest,  may  ultimately  find 
valuable  application  in  the  chemical  industry.  English  manufacturers  have 
gradually  awdcened  to  an  appreciation  of  the  value  of  research,  and  the  chemist 
who  has  published  a  considerable  amount  of  original  work  will  command  a  high 
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salary  and,  having  demonstrated  his  ability  to  tackle  intricate  problems^  will  be 
consulted  when  iUfficulties  arise. 

To  give  an  ezamplei  a  Isige  firm  of  manufacturers  in  the  north  of  fngimd, 
finding  Uiat  certain  of  their  comestibles  products  lost  their  colour  on  keeping, 
instead  of  communicating  with  a  firm  of  analysts,  consulted  an  organic  chemist, 
who  possessed  little  or  no  experience  of  commercial  organic  analysis,  bat  whose 
experiments  and  researches  showed  that  he  would  consider  the  question  with  an 
innate  knowledge  of  the  subject,  unfettered  by  rule  of  thumb.  The  decision  of  the 
manufjBM^turers  proved  a  wise  one. 

The  majority  of  young  men  engaged  in  organic  research  possess  reatricfeed 
incomes — :ei 00-150  shows  a  fair  average— consequently  the  expense  of  materials 
falls  heavily  on  them.  Such  research  frequently  demands  the  use  of  laiga 
quantities  of  dutiable  articles — absolute  ethyl  and  methyl  alcohols,  methyl  iodide, 
&c.  Now  the  duty  on  alcohol  is  a  consumption  tax  the  objective  of  which  it 
tersely  put  in  the  following  sentence  from  the  official  Customs  tariff,  *  including 
naphtha  or  methylic  alcohol  jpitrified  so  as  to  be  potable  * ;  but  it  was  oertainlj 
never  the  wish  of  any  admmistration  to  tax  experimental  science  and  the 
industries  which  result  from  these  experiments. 

A  good  instance  of  the  absurd  iength  to  which  the  Customs  authoritaee  are 
prepared  to  go  appeared  a  few  weel^  since  in  the  napers.  A  collection  of 
crustaceans  preserved  in  spirit  was  sent  from  India  to  Mr.  Beddard,  the  eminent 
F.R^. ;  the  Custom  House  wished  to  charge  Mr.  Beddard  2&8.  duty  because  the 
spirit  in  whidi  these  crabs  and  crayfish  were  preserved  had  not  been  methylated, 
and  was  consequently,  we  can  only  suppose,  considered  potable.  I  am  glad  to  eay 
the  alcohol  was  poured  away,  and  consequently  the  duty  was  not  paid. 

The  following  figures  from  the  Owens  College  Chemical  Laboratory  show  the 
amount  of  duty  paid  in  the  course  of  one  year  on  methyl  and  ethyl  alcohol  alone : — 

Duty  paid  in  1896-7 £43  16    0 

„        „      1897-8 £56    0    0 

„        „      1898-9 £44  10    0 

The  duty  representd  about  2*15  times  the  original  value  of  the  alcohol. 

Practically  the  whole  of  the  alcohol  purchased  by  the  laboratory  used  by  three 
or  four  chemists  engaged  in  organic  research:  thus  the  ledger  debits  from 
October  to  April  1900-01  three  chemists  with  11/.  Ss.,  6/.  18«.,  5/.  respectively  for 
alcohol ;  we  may  therefore  consider  that  these  three  chemists  pay  roughly  601.  a 
year  for  alcohol,  of  which  sum  about  16/.  IO9.  is  the  actual  value  of  l£e  aloohd, 
and  the  rest  is  made  up  by  the  duty. 

The  distinct  disadvanta^  at  which  the  English  chemist  works,  as  compared  to 
his  Continental  colleagues,  is  shown  by  the  following  statement  kindly  supplied 
by  the  Commercial  Intelligence  Department  of  the  Board  of  Trade : — 

<  So  far  as  the  information  in  the  possession  of  this  branch  goes,  there  would 
appear  to  be  no  free  admission  of  alcohol  from  abroad  for  industrial  purnoeea  in 
eitner  of  the  countries^  named.  There  are  internal  taxes  in  both  countries  from 
which  alcohol  is,  under  certain  circumstances,  exempt;  but  it  does  not  appear  that 
the  exemptions  affect  the  imported  article,  unless  possibly  in  one  instance,  aa  will 
appear  later. 

<  In  France  the  internal  tax  of  220  fr.  per  hectolitre  of  pure  alcohol  ia  a 
consumption  tax  from  vhich  alcohol  used  for  industrial  purposes  is  exempt^  heimf 
sutject  only  to  a  statistical  tax  of  2b  ceyttimesper  hectolitre  of  pure  alcohol, 

<  On  imported  articles,  in  which  alcohol  exists,  the  consumption  tax  is  levied 
(in  addition  to  Customs  duty)  on  the  amount  of  pure  alcohol  which  exists  in  a 
state  of  simple  mixture  or  chemical  combination,  and  it  is  not  absolutely  clear 
whether  if  such  articles  are  to  be  used  for  industrial  purposes  they  would  be 
exempt  from  this  tax.  The  statistical  tax  on  articles  in  which  the  alcohol  his 
been  entirely  transformed,  eliminated,  or  evaporated  {e.g,,  ether),  plus  80  centimes 
per  hectolitre,  to  compensate  for  the  expenses  of  surveillance,  &c.,  incurred  I7 

■  France  ^and.Germany. 
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Emioh  maauiacturers,  ia,  however,  levied  on  the  amount  of  alcohol  calculated  to 
have  been  used  in  their  production.  In  Qermany  alcohol  used  for  industrial  or 
medicinal  purposes  is  exempt  from  the  tax  on  the  production  of  spirits 
(Brantweinstenery 

The  above  remarks  apply  eauallv  to  alcohol  used  in  chemical  research. 

One  of  the  objections  whicn  will  possibly  be  raised  by  the  Treasury  in  refusing 
to  move  in  this  matter  is  that  though  a  great  proportion  of  the  cost  of  organic 
research  in  this  country  is  due  to  the  high  cost  or  duty-paid  alcohol  and  ether,  yet 
they  (the  Treasury)  pay  back  to  chemical  science  far  more  than  they  receive  from 
chemistry  as  duty.  It  has  been  suggested  that  the  organic  chemistry  department 
of  the  Owens  College  has  been  peculiarly  favoured  in  the  administ^tion  of  the 
Treasury  grant.  Here  are  the  facts.  In  the  year  1898  the  chemical  department  of 
the  Owens  College  received  176/.,  and  in  the  year  1899  125/.  in  Treasury  grants ; 
against  these  items  we  find  that  the  College  in  the  year  1899-1900,  though 
suffering  severely  from  the  financial  depreeaion,  paid  427/.  16».  lOd.  for  apparatus 
and  chemicals  used  in  research,  the  result  being  Hiat  20  per  cent  of  the  transac- 
tions of  the  Chemical  Society  for  1899  are  occupied  by  contributions  from  the 
College  laboratories.  It  is  well  here  to  point  out  Uiat  the  tax  falls  most  heavily 
on  students  who,  having  just  taken  their  degrees,  are  engaged  in  their  first 
researches.    Such  students,  as  a  rule,  receive  no  pecuniary  assistance. 

Does  not  the  Treasury  gprasp  the  elementary  principle  that  the  advance  of 
knowledge,  leading,  as  it  does,  to  the  creation  of  new  industries  and  to  the  perfec- 
tion of  the  old,  becomes  a  valuable,  if  indirect,  source  of  increased  income  P 

The  Board  of  Inland  Revenue  are  imderstood  to  object  that  the  administration 
of  a  remission  of  the  duty  in  alcohol  would  be  both  complicated  and  costly. 

Is  this  difficulty  really  so  insuperable  P  In  France,  as  has  been  shown,  the 
cost  of  administration  is  met  by  a  statistical  tax.  In  this  country  a  precedent  has 
been  set  in  the  permission  of  responsible  persona  to  use  and  recover  methylated 
spirit. 

'  A  person  desirous  of  using  methylated  spirit  must  make  written  application 
to  the  Commissioners,  stating  the  situation  of  tne  premises,  the  particular  piurpose 
or  purposes  to  which  the  spirits  are  to  be  appued,  the  quantity  likely  to  be 
requirea  in  the  course  of  a  year,  and  if  Uie  quantity  to  be  used  in  a  year  exceeds 
fifty  gallons,  or  there  is  a  still  on  the  premises,  or  means  are  adopted  for  the 
recovery  of  the  spirits  after  use.  He  must  furnish  the  name  of  one  or  more  house- 
holders or  of  a  guarantee  society  to  join  him  in  a  bond  for  the  proper  use  of  the 
spirits.' 

In  America  and  Canada  colleges  and  institutions  are  permitted  to  use  alcohol 
free  of  duty  on  a  s^ed  reouisition  firom  the  head  of  the  college  or  department. 
Should  this  suggestion  be  aaopted  or  notP 

A  modification  of  the  following  scheme  might  be  found  workable.  Institu- 
tions and  laboratories  desirious  of  using  pure  alcohol  for  scientific  purposes  might 
apply  to  the  Board  of  Inland  Revenue  for  a  licence  (for  which,  say,  a  charge  of 
5s,  to  10«.  could  be  made);  the  manufacturer  or  retailer  suj^plying  the  alcohol  in 
this  country  would  with  the  delivery  note  send  a  form  which  could  be  filled  up 
and  sigped  by  the  director  of  the  institution  or  laboratory,  and  the  manufacturer 
or  retailer  would  ultimately  obtain  remission  of  duty  firom  the  Inland  Revenue 
Board  on  presentation  of  these  forms  as  bona  fides,  la  the  case  of  alcohol  coming 
from  foreign  countries  the  usual  Customs  note  would  be  so  modified  that  the  con- 
signee would  be  able  to  apply  direct  for  rebate.  If  the  Board  of  Inland  Revenue 
consider  supervidon  of  sucn  institution  and  laboratories  necessary,  it  surely  would 
not  entail  much  extra  work  on  those  officials  who  now  control  the  use  of  methy- 
lated spirit. 

^  What  steps  can  be  taken  to  obtain  this  object  P  It  is  first  necessary  to  ascer- 
tain whether  to  effect  such  a  change  would  be  within  the  statutoi^  powers  of  the 
Board  of  Inland  Revenue,  or  whether  it  would  be  necessary  to  introduce  a  Bill 
into  Parliament. 

In  the  first  case  it  seems  to  me  that  an  influential  deputation  might  wnif  on 
the  First  Lord  of  the  Treasury  or  the  Chancellor  of  the  Exchequer  and  represent 
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to  him  the  fkcU  of  the  case.  In  the  second  case  the  question  becomes  more 
complicated. 

My  view — a  Tiew  shared  by  many  eminent  chemists  present  at  this  meeting — 
is  that  it  would  be  highly  advantageous  to  appoint  a  small  committee  to  consider 
the  question  and  to  re]^rt  on  it. 

The  intention  of  tms  article  has  been  to  aflfain  call  attention  to  a  subject  which, 
though  frequently  the  object  of  fruitless  endeavours^  yet  by  its  very  reasonable- 
ness deserves  success.  Organic  chemists  will  find  that  they  will  have  to  present  a 
very  strong  case,  influentially  backed,  before  they  can  persuade  such  officials  of 
the  Treasury  and  Board  of  Inland  Revenue  as  do  not  possess  the  scientific  mind 
to  recognise  the  importance  of  the  subject;  yet  the  time  is  coming  when 

*  the  thoughts  of  men  are  widen*d  with  the  process  of  the  suns.* 


2.  The  Coal  Tar  Industry. 
By  Dr.  A.  G.  Grbbn.— See  Reports,  p.  252. 


3.  Report  on  a  New  Series  of  Waoe-length  Tables  of  the  Spectra 
of  the  Elements, — See  Beportg,  p.  79, 


FRIDAY,  8BPTBMBER  13. 
The  following  Papers  were  read : — 

1.  Enzyme  Action.    By  Adrian  J.  Brown. 

The  author  has  already  shown '  that  in  alcoholic  fermentation  a  constant 
V)eight  of  sugar  is  decomposed  in  imit  time  by  a  constant  amount  of  yeast  in  sola- 
tions  containing  different  amounts  of  sugar,  and  has  caUed  attention  to  the  fact 
that  in  this  respect  the  action  of  fermentation  difiers  essentiaUy  from  that  of  inver- 
sion, which,  according  to  C.  O'Sullivan  and  Tompson,  follows  the  law  of  mass 
action.' 

So  long  as  the  phenomenon  of  fermentation  was  believed  to  be  a  life  function 
inseparable  from  the  living  yeast  cell,  it  did  not  appear  remarkable  that  the  order 
of  progression  of  its  action  should  difier  from  that  of  inversion ;  but  since  Buchner 
has  shown  that  fermentation,  like  inversion,  is  an  enzyme  action,  tUs  point  of 
difference  required  further  investigation. 

The  author  has  examined  the  action  of  invertase  on  cane  sugar  experimentally, 
and  demonstrates  that  the  action  as  usually  studied  does  not  follow  the  law  of 
mass  action,  but  resembles  that  of  fermentation. 

The  curve  of  action  of  invertase  found  by  0.  0*Sullivan  and  Tompson  does  not 
instance  mass  action,  but,  as  suggested  by  Dudaux,'  its  form  is  due  to  the  arresting 
influence  of  inversion  products.  J.  (^Sullivan's  experiments^  on  the  power  of 
inverdon  of  living  yeast  cells  are  referred  to,  and  it  is  shown  that  the  results  of 
his  experiments  also  confirm  the  author*s  conclusion. 

But  altliough  the  action  of  inversion  as  studied  by  C.  0*Sullivan  and  Tompson, 
J.  0*Sullivan,  and  the  author  does  not  follow  the  law  of  mass  action,  the  author 
does  not  regard  the  action,  however  produced,  as  independent  of  mass  influence, 
and  considers  that  the  influence  of  mass  in  inversion  chan^  as  it  has  hitherto 
been  studied  is  restricted  by  some  other  influence.  This  influence  he  believes 
exists  in  the  time  factor  of  molecular  change. 

I  J.  Ckm.  Soo.,  61, 1802.  .S80.  *  Ibid.,  67, 1890,  ft65. 

•  Ann.  Inst.  Pasteur,  U9S.  ^  J,  Chm.  Soc,,  61, 1892,  926. 
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In  any  simple  chemieal  change  the  influence  of  mass  regulates  the  number  of 
molecular  contacts  between  acting  and  reacting  molecules  in  unit  time ;  but  if  a 
time  factor  enters  into  the  molecidar  reaction,  there  must  be  a  point  beyond  wbicli 
the  number  of  molecular  ohanget  cannot  increase  owing  to  the  restriction  of  time 
in  the  action,  and  this  point  will  be  determined  by  the  relative  frequency  of 
molecular  contact  and  the  length  of  the  time  interval  of  molecular  change. 

There  is  good  reason  to  brieve  that  during  inversion  of  cane  sugar  the  sugar 
enters  into  molecular  combination  with  invertase  previous  to  change,  which  pre- 
supposes a  time  factor  of  some  ma^itude.  Under  these  conditions  it  therefore 
appears  the  more  probable  that  this  factor  limits  the  effect  of  mass  action  in 
inversion  changes  as  observed  in  solutions  of  ordinary  concentration.  But  if  this 
is  so,  there  must  be  a  point  of  dilution  in  cane  sugar  solutions  when  invertase, 
acting  in  the  dilute  solutions,  exhioits  an  order  of  clmngein  conformity  with  mass 
action.  The  author  shows  by  direct  experiment  that  this  point  is  reached  in  a 
solution  containing  about  1  per  cent,  of  cane  sugar,  so  far  confirming  hisconduaion 
that  the  time  factor  of  molecular  change  limits  the  action  of  inversion  in  all  but 
very  dilute  solutions  of  cane  sugar. 

As  the  character  of  the  action  of  fermentation  has  been  shown  to  resemble 
that  of  inversion,  it  appears  very  probable  tiiat  in  this  enzyme  change  also  the 
time  |kctor  of  molecular  change  limits  its  acUon ;  and  possibly  the  influence  may 
be  evidenced  in  all  enzyme  change,  and  so  play  an  important  part  in  the  complex 
functions  of  living  organisms  which  depend  on  enzyme  action. 


2.  Radium,    By  Professor  W.  Mabckwald. 


The  Section  was  then  divided  into  two  Departments. 


Department  I. 

The  following  Report  and  Papers  were  read : — 

1.  Report  on  the  Relation  hetioeen  the  Absorption  Spectra  and  Chemical 
Constitution  of  Orga/nic  Substances. — See  Reports,  p.  208. 


2.  On  the  Cliemical  and  Biological  Changes  occurring  during  the  Treat- 
ment  of  Sewage  by  the  so-called  Bacteria  Beds.  By  Professor  Letts, 
l>.Se.,  Ph.D.,  and  R.  P.  Blakb,  F.C.S.,  F.I.C. 

It  is  generally  assumed  that  the  so-called  '  bacteria  beds '  act  as  oxidising 
agencies,  absorbing  oxygen  from  the  air  during  their  periods  of  rest  and  subse* 
quentlv  transferring  it  to  the  constituents  of  the  sewage  when  the  beds  are  filled 
with  this  latter,  the  transfer  being  eflected  by  micro-organisms  which  have  esta* 
blished  themselves  on  the  surface  of  the  material  with  which  the  beds  are  filled. 

It  also  appears  to  be  generally  taken  for  granted  that  the  micro-organisms 
mainly  concerned  in  the  purification  process  are  the  nitrifjring  organisms.  Hence 
if  these  views  are  correct,  the  effluent  from  the  bacteria  oeds  should  contain 
nitrates  and  nitrites  equivalent  in  amount  to  the  unoxidised  nitrof^n  which  disap- 
pears during  the  treatment  But  on  examining  the  results  obtamed  by  chemists 
in  investigations  on  aewtj^  purification  it  will  be  found  that  comparatively  small 
amounts  of  nitrate  and  nitrite  are  produced  in  relation  to  the  unoxidised  mtrogen 
disappearing. 

The  following  figures  are  taken  (or  have  been  calculated)  partly  from  results 
given  in  the  Mancnester  Report  of  the  Rivers  Committee,  January  22,  1900, 
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Table  1.  the  Leeds  Report  on  Sewage  DispoBal,  December  1808,  Table  1,  and 
partly  rrom  the  table  ^.  68)  given  in  Dibdiire  book  on  the  *  Purification  of  Sew- 
age and  Water/ 


— 

Nitrogen 

'Albuminoid' 
Ammonift 

Nitrogen  found  in  the  Effluent 
aa  Nitrate  and  Nitrite  after  doable  | 
contact  with  the  Bacteria  Beds      . 

1 

Grains  per  Gallon 

Grains  per  GkJlon 

Percentage  on    1 

Nitrogen 
disappearing     ! 

Manchester 

Sutton       .... 

Leeds         .... 

1-634 

7-185 
1-628 

0-636 
1-100 
0-11 

39 
16 

It  is  quite  evident,  therefore,  that  a  considerable  portion,  and  in  most  caaes  the 
greater  part,  of  the  unoxidised  nitrogen  which  disappears  must  be  got  rid  of  in 
some  other  form,  and  the  question  arises  as  to  how  this  may  occur.  In  aU  prob- 
ability there  are  two — and  only  two — alternative  ways  in  which  the  nitrogen  oao 
be  lost,  viz.  — 

(1)  It  may  escape  in  the  gaseous  state  as  free  nitrogen,  or  possibly  as  oxides 
of  nitrogen. 

(2)  It  may  pass  into  the  tissues  of  animals  or  vegetables,  the  former  of  whidi 
may  esca]^  from  the  bacteria  beds,  and  the  latter  (and  possibly  the  former  also) 
may  remam  permanently  in  the  beds. 

In  other  words  there  may  be  dther  a  chemical  or  a  biological  explanation,  or 
both  together. 

Chemical  Explanation, — In  an  investigation  on  the  effects  of  double  contact 
with  bacteria  beds  on  screened  and  settled  sewage  the  authors  made  analyses  of 
the  dissolved  gases  present,  both  in  the  original  sewage  and  in  the  effluent  from 
both  beds,  the  samples  being  collected  in  such  a  manner  that  they  did  not  come 
into  contact  with  the  air. 

The  general  results  of  these  analyses  were  as  follows :— (1)  Practically  no 
oxygen  was  present,  either  in  the  sewage  or  effluents.  (2)  The  effluent  from 
first  contact  always  contained  considerably  more  carbonic  anhydride  than  the 
original  sewage,  and  with  two  exceptions  the  effluent  from  second  contact  also 
contained  an  excess  of  that  gas.  (8)  In  eleven  out  of  twdve  s^es  of  analyses  the 
quantity  of  nitrogen  in  the  effluent  was  in  excess  of  that  present  in  the  original 
sewage,  and  ^nerally  speaking  it  was  in  larger  excess  in  tne  effluent  from  double 
contact  than  in  that  from  single  contact. 

As  the  first  six  series  of  analyses  only  were  made  under  exactly  the  same  con- 
ditions, the  authors  find  that,  taking  them  as  the  basis  of  calculation,  on  the  average 
the  excess  of  nitrogen  in  the  effluent  from  second  contact  over  tiiat  present  in  u» 
sewage  amounted  in  weight  to  0*272  part  per  100,000,  while  the  loss  of  un- 
oxidised nitrogen  which  had  occurred  in  the  sewage  (by  Kjeldahl's  procen) 
amounted  to  2*2  parts,  or  that  12  per  cent  of  the  nitrogen  lost  from  the  sewage 
during  purification  was  thus  accounted  for,  while  in  one  particular  case  it  amounted 
to  31  per  cent. 

In  all  probability  only  a  fraction  of  the  free  nitrogen  actually  evolved  would 
be  retained  by  the  effluent,  the  rest  escaping  into  the  air. 

Biological  Explanation* — As  regards  the  ^osfflbility  that  nitrogen  is  lost  bio- 
logically, i.e,f  is  absorbed  into  the  tissues  of  animals  or  plants  which  feed  on  the 
sewage,  there  can  be  no  doubt  that  a  portion  does  escape  m  that  way.  The  bacteria 
beds  at  Belfast  and  elsewhere  swarm  with  minute  insects  (Podura  aguatkd)^ 
These,  escaping  in  myriads,  often  form  a  thick  la^rer  on  the  surface  of  the  effluent, 
which  loolffi  like  soot.    There  can  be  no  question  that  in  thus  escaping  theie 
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animals  oairy  with  them  some  of  the  nitrogenous  constitutents  of  the  sewage  which 
they  have  devouied,  but  as  yet  the  authors  have  formed  no  estimate  of  the  quan- 
tity  so  removed.  Th&ae  are  eJso  species  of  worms  always  present  in  the  bacteria 
beds  in  considerable  numbers  whidi  no  doubt  also  feed  on  the  sewage. 


Humua  and  the  Irreducible  Residue  in  the  Bacterial  Treatment 
of  Sewage.    By  Dr.  S.  Bideal. 


4.  Sv^huric  Acid  ae  a  Typlu>id  Diiir^eetant.     By  Dr.  S.  Rideal. 


5.  On  the  Inverse  Relation  of  Chlorine  to  BainfcUl, 
By  William  Ackroyd,  F.LC. 

Eiunfalls  of  various  dates  when  compared  among  themselves  appear  so  erratic 
in  their  quantitative  composition  that  observers  have  generally  been  satisfied  with 
monthly  or  half-yearly  averages.  When  the  periods  of  observation  are  shortened 
to  daily  estimations,  say  of  the  chlorine,  it  clearly  appears  that  minimum  amounts 
of  rainfall  are  marked  by  maxima  of  chlorine  contents,  and  vice  versa.  Thus  in  a 
dailj  comparison  where  the  results  are  plotted  for  tenths  of  an  inch  of  rainfall  and 

Sarts  per  100,000  of  chlorine  the  respective  curves  interlock  and  each  chlorine  peak 
as  its  corresponding  rainfall  hollow.  This  will  be  seen  on  following  the  plotted 
observations  m  the  diagram  for  Halifax,  November  12,  1900,  to  March?,  1901. 
It  is  also  apparent  in  the  diagrams  for  country  rainfall  which  illustrate  my  paper 
*  On  the  Distribution  of  Chlorine  in  Yorkshire,  Part  II.,*  and  where  the  observa* 
tions  are  weekly.  Marked  parallelism  of  chlorine  curves,  where  several  are  com* 
pared,  is  regarded  as  being  due  to  common  causes. 


6.  On  the  Distribution  of  Chlorine  in  Yorkshire,  Fart  IL 
By  William  Aokrotd,  F,I.C. 

All  figures  refer  to  parts  of  chlorine  per  100,000  of  water. 

As  the  result  of  many  observations  of  minima,  the  chlorine  is  found  to  increase 
from  '7-1  in  the  west  and  north-west,  where  the  rivers  originate,  to  1*7-2  in  the 
east  and  south-east,  where,  in  the  Chalk  Wolds,  the  upturned  edges  of  the  chalk 
drink  in  and  store  up  a  vast  amount  of  rain  water,  which  is  utilised  by  many  of 
the  East  Hiding  communities.  Beyond  this  there  is  a  south-eastern  area  of  high 
chlorine  figures  formed  by  the  triangular  tract  of  drift  ending  with  Spurn  Head. 

Normal  chlorine  is  afi'ected  by  manufactiuring  centres.  From  observations  ex- 
tending over  three  months,  it  is  shown  that  in  a  manufacturing  town  like  Halifax 
the  atmospheric  contribution  through  the  rain  is  '01  part  of  chlorine  per  288 
people  per  square  mile,  and  that  the  total  contribution  for  ground  as  well  as  air  is 
•01  part  of  chlorine  per  63  of  the  population. 

Attention  is  also  draw^  to  a  disturbing  influence  in  the  prevalence  of  high 
winds  from  the  sea,  which  send  up  the  chlorine  figures  for  the  rainfall. 


Dbpartmbnt  II. 
The  following  Papers  and  Report  were  read : — 

1.  Hydration  of  Tin,  including  the  Action  of  Light. 
By  Dr.  J.  H.  Gladstone,  F.B.S,,  and  George  Gladstone. 

The  authors  described  a  tin  irade  mark  which  had  been  standing  in  the  minerar 
logical  cabinet  of  Mr.  George  Gladstone  for  twenty-seven  years,  expcNMd  on  the  front 
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to  diffused  daylight.  The  whole  of  the  exposed  surface  was  very  dark  in  colour, 
especially  where  the  exposure  was  most  complete.  On  examining'  it  under  the 
microscope  it  was  found  to  be  covered  with  little  granules  varying  in  colour  from 
yellow  to  dark  reddish-brown.  Where  the  dark  granules  were  thickest  there  were 
found  small  yellow  lumps  that  had  all  the  appearance  of  colloidal  matter.  Some 
of  this  was  removed  and  treated  with  water.  The  microscope  revealed  a  quantity 
of  light-coloured  translucent  films ;  the  edges  of  the  drop  of  water  on  evaporaticHi 
showed  imperfect  colourless  crystals  resembling  closely  those  obtained  from  other 
specimens  of  tin  colloid,  together  with  gelatinous  matter.  It  was  evident  that 
tnere  had  been  a  slow  chemical  change^  greatly  due  to  the  action  of  light,  as 
the  back  of  the  trade  mark,  which  was  practically  in  the  dark,  showed  very  little 
discoloration.  In  order  to  see  whether  this  could  be  repeated  within  a  short  time, 
three  experiments  were  made  on  freshly  cut  surfaces  of  tin.  The  first  was  kept  in 
the  dark  for  six  weeks,  and  sometimes  subjected  to  a  temperature  of  lOOr  C. : 
nnder  the  microscope  it  showed  no  clear  sign  of  any  action.  The  second  was 
exposed  for  the  same  time  to  diffused  daylight :  it  showed  slight  but  unmistakable 
sij^s  of  granular  formation.  The  third  was  exposed  to  direct  sunlight :  it  was 
distinctly  spotted  over  with  dark-coloured  granules. 


2.  Transitional  Forms  between,  Colloids  and  Crystalloids, 
By  Dr.  J.  H.  Gladstone,  F,R,S.,  and  Walter  Hibbebt,  F.LC, 

The  investigation  of  the  crust  formed  on  the  tin  trade  mark  referred  to  in  the 
previous  paper  induced  the  authors  to  carry  the  inquiry  further.  Among  the 
remains  of  the  ancient  British  village  near  Glastonbury,  which  had  Iwn 
submerged  in  the  marsh  for  2,000  years,  were  the  rod  and  weights  of  tm  described 
in  the  British  Association  Report  for  1899,  p.  595;  and  an  examination  of  the 
crust  formed  on  these  objects  showed  the  gradual  formation  of  yellow,  amber,  and 
reddish-brown  hydrates,  together  with  minute  egg-like  bodies,  which,  when 
broken,  were  found  to  contain  gelatinous  matter  soluble  in  water,  and  giving  on 
evaporation  crystals  having  curved  edges.  The  crystals  are  venr  definite  in  form, 
but  are  ^nerally  colourless  and  hy{px)soopic  A  specimen  of^  native  cssaiterite 
gave  similar  results ;  and  so  did  colloidal  tin  hydrate  formed  from  stannic  chloride 
by  dialysis.  Colloidal  hydrate  of  titanium  gave  intermediate  bodies  doaely 
resembling  those  of  tin.  The  same  was  found  to  be  the  case  with  aluminium  and 
palladium  colloids.  No  similar  forms  have  yet  been  obtained  from  silica ;  but  it  is 
well  known  that  quartz  crystals,  diamonds,  and  ice  are  apt  to  exhibit  curved  edges 
and  conchoidal  fracture. 

The  authors  regard  these  semi-crystalline  bodies  as  intermediate  forma 
betweeen  the  gelatinous  colloids,  whether  pectised  or  not,  and  the  ordinary 
crystallised  metallic  hydrates.  They  look  upon  them  as  consisting  of  the  hydrate 
combined  with  many  molecules  of  water,  and  think  that  the  various  kinds  of 
crystals  (crosses,  fishes,  rhombs,  &c.)  are  due  to  different  amounts  of  combined 
water,  as  they  show  different  degrees  of  solubility  and  of  diffusibility.  The 
isomorphism  between  these  hydrates  of  tin,  titanium,  and  aluminium  is  worthy  of 
notice. 

The  secular  changes  that  take  place  in  these  gelatinous  hydrates,  and  the 
formation  of  the  insoluble  films,  are  the  subject  of  investigation  at  the  present  time. 


3.  Report  on  the  NoAure  of  Alloys, — See  Reports,  p.  75. 

4.  The  Minute  Structwre  of  Metais.    By  G.  T.  Bbilbt. 

Microscopic  examination  of  metallic  surfaces  produced  by  breaking,  tearing,  or 
filing,  by  rolling,  drawing,  hammering,  or  polishing,  has  shown  that  the  metalB  as 
they  are  ordinarily  met  with  appear  in  two  forms: — 

{a)  As  minute  granules  or  scales. 

ih)  As  a  transparent,  glass-like  substance. 
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These  two  forms  of '  metal  sabstance '  occur  in  all  of  the  metals  examined,  and 
taken  together  they  do  not  appear  to  depend  in  any  way  on  the  particular  thermal 
or  mechanical  treatment  to  which  the  metal  has  been  subjected,  nor  on  the  greater 
-or  less  mass  of  the  particular  piece  of  metal  examined.  Their  existence  is 
therefore  to  a  great  extent  independent  of  the  conditions  which  determine  the 
particular  crysUlline  structure  of  metals  and  alloys. 

In  form  (a)  the  granules  or  scales  do  not  vary  much  in  size  in  the  dlflerent 
metala  examined,  which  include  among  their  number  representatites  of  most  of 
the  great  groups.  The  diameter  of  the  scales  is  estimated  to  range  from  9^  to 
^{fjf  of  a  millimetre.  Their  thicknees  has  not  yet  been  measured,  but  they  can  be 
«een  by  reflected  light  when  their  thickness  is  certainly  less  than  Tvirnr  o^  ^  milli- 
metre* 

Form  (b)  is  seen  as  a  transparent  glass-like  film  on  metal  surfaces,  which  have 
been  ex|>oeed  to  certain  forms  of  pressure.  In  the  transparent  form  the  metals 
baTe  their  characteristic  colours  by  transmitted  light ;  for  instance,  gold  is  green, 
iron  and  platinum  are  blue,  copper  is  red,  nickel  is  olive  green. 

The  scale  form  (a)  passes  into  the  transparent  form  (b)  when  the  metal  is  pressed 
or  hammered  upon  a  hard  polished  surface.  The  same  effect  takes  place  when  a 
mirror-like  polish  is  produced  by  ordinary  methods.  Files  or  cutting  tools  in 
passing  over  the  surface  or  through  the  substance  of  metals  leave  the  cut  or 
scrapea  surface  covered  with  a  more  or  less  continuous  film  of  transparent  metal. 
By  suitable  treatment  a  coating  of  transparent  metal  can  be  formed  of  varying 
degrees  of  thickness,  so  that  by  reflected  light  scales  can  be  seen  more  or  less  deeply 
imbedded  in  the  transparent  coating.  The  light  from  the  deeper  scales  shows  the 
characteristic  colour  of  the  metal.  In  some  cases  the  colour  of  the  coating 
appears  so  dense— as  seen  by  the  microscope — that  no  reflected  light  reaches  the 
surface. 

Attemjpts  have  been  made  to  measure  the  thickness  of  the  transparent  film  by 
focussing  lor  its  upper  and  lower  surfaces,  or  for  the  upper  surface,  and  for  scales 
embedded  in  the  film,  and  measuring  the  movement  ot  the  microscope  between 
the  two  points.  As  these  measurements  appear  to  give  rather  exaggerated  re^iults 
their  publication  is  held  over  for  the  meantime. 

The  transparent  metal  (b)  passes  back  into  the  scale  form  (a)  under  certain 
kinds  of  mechanical  or  chemical  treatment. 

The  metals  already  examined  include  gold,  silver,  platinum,  cobalt,  nickel, 
chromium,  iron,  copper,  lead,  bismuth,  antimony,  tin,  cadmium,  magnesium, 
aluminium,  zinc. 

The  highly  crystalline  metals,  such  as  antimony,  bismuth,  and  zinc,  exhiMt  the 
same  features  as  the  softer  and  more  malleable  metals.  The  crvstalline  faces  and 
cleavage  planes  are  covered  with  a  film  of  transparent  metal,  while  scales  are  dis* 
tinctly  seen  in  fractures  at  right  angles  to  the  cleavage  planes. 

Galena  shows  similar  appearances. 

The  zinc  and  tin  alloys  of  copper  show  the  same  minute  structure  and  appear^ 
anoes. 

The  persistence  of  these  minute  scales  under  all  kinds  of  mechankal  and 
thermal  treatment,  the  remarkable  uniformity  of  their  size  and  appearance  in 
metals  of  all  of  the  lending  groups,  their  disappearance  into  the  transparent  form 
and  their  reappearance  agai^\  apparently  unchanged  in  size  or  otherwise — all  this 
seems  to  aflbra  fair  ground  for  tne  conjecture  that  they  are  in  some  way  definite 
units  in  the  structure  of  metals. 


5.  On  the  Action  0/ Ammonia  on  Metals  at  High  Temperatures, 
By  G.  G.  Hendbbson,  D.Sc,^  and  G.  T.  Beilbt. 

Platinum,  gold,  silver,  copper,  iron,  nickel,  and  cobalt  have  been  exposed  to 
the  action  of  ammonia  at  temperatures  ran^png  from  600°  to  900^.  In  every  case 
the  physical  effect  of  the  treatment  was  to  disintegrate  the  metal  completely,  while 
a  large  proportion  of  the  ammonia  was  resolved  into  its  elements. 

Tne  fracture  of  metals  which  have  been  exposed  to  this  action  has  been 


Digitized  by 


Google 


606  REPOET— 1901. 

deeoribed  by  earlier  observers  as  ^  crystalline.'  This  is  not  the  ease :  it  is  spbngy 
or  cellular^  and  appears  under  the  microscope  as  if  it  had  been  suddenly  cooled 
while  in  a  state  oi  active  effervescence. 

The  penetration  of  the  ammonia  molecule  into  the  metal  is  remarkably  quick. 
Iron  and  copi>er  rods  a  quarter  of  an  inch  in  diameter  were  completely  penetrated 
to  the  centre  in  thirty  minutes.  But  disintegration  goes  on  aunost  indefinitely 
thereafter.  Copper  exposed  for  seven  days  to  this  action  at  a  temperature  of 
800^  became  reduced  to  a  fine  spongy  powder.  The  prolonged  action  on  platinum 
produces  very  fine  deposits  of  platinum  black  on  the  surface  of  the  more  massive 
metaL 

The  authors  believe  that  the  physical  effects  which  result  from  this  action  an 
explained  by  the  alternate  formation  and  dissociation  of  the  nitrides  of  the  metals 
tBWig  place  between  certain  narrow  limits  of  temperature,  the  reaction  b^ng 
turned  m  either  one  direction  or  the  other  according  as  ammonia  or  hydrogeft 
molecules  preponderate  in  the  gases  which  are  in  contact  with  the  moleculee  of 
metal  at  and  below  the  surface. 

It  is  suggested  that  the  formation  of  spongy  deposits  on  the  outside  ci 
platinum  crucibles  heated  by  Bunsen  burners,  as  well  as  the  disintegration  of  the 
platinum  wires  of  pyrometers  exposed  to  furnace  gases,  may  be  accounted  for  by 
the  presence  of  traces  of  ammonia  in  the  combustion  gases. 

The  absorption  of  small  quantities  of  nitrogen  by  pure  iron  renders  it  hard 
and  brittle  like  steel.  Malleable  iron  tubes  exposed  for  seven  days  to  the  action 
of  ammonia  at  a  temperature  of  800^  became  so  brittle  that  they  could  be  lnt>ken 
like  porcelain  by  a  blow  from  a  hammer. 

It  is  suggested  that  some  of  the  effects  on  the  structure  and  properties  of  iitm 
and  steel  wmch  are  at  present  attributed  to  other  elements  may  be  due  to  the 
presence  of  traces  of  nitrogen. 


6.  Aluminium-Tin  Alloys*      By  W.  Carriok  Andbbson,  MA.^  DJSCf 
and  Gboroe  Lean,  B,Se, 

This  investigation  was  undertaken  to  ascertain,  with  some  definiteness,  the  general 
properties  of  the  alloys  of  aluminium  and  tin,  and  particularly  the  cause  of  the 
peculiarity,  first  pointed  out  by  Riche,^  that  the  alloy  containing  26  per  cent, 
aluminium  evolves  hydrogen  freely  when  placed  in  water.  This  property  was 
found  to  belong,  not  only  to  the  particular  alloy  in  question,  but  to  the  whole 
series,  whether  cast  or  annealed. 

From  the  determinations  of  the  cooling  curves  it  is  shown  that  tin  dissolves  in 
aluminium,  but  that  in  the  case  of  alloys  containing  more  than  10  per  cent,  tin  a 
second  break  in  the  cooling  curve  takes  place  at  232^  C,  indicating  an  excess  of  tin.' 
Micro-photography  was  also  employed  to  show  the  structure  of  the  alloys  in  the  cast 
and  annealed  condition.  The  amounts  of  hydrogen  evolved  from  the  several  alloys, 
cast  and  annealed,  were  found  to  stand  in  no  simple  relation  either  to  the  weights 
of  the  constituent  metals  present,  or  to  the  depression  in  the  aluminium  melting 

From  microscopic  examination  of  water-corroded  plates  the  conclumon  is 
arrived  at  that  contact  action  between  the  tin  and  the  stanniferous  aluminium  is 
mainly  responsible  for  this  spontaneous  oxidation. 


7.  Aluminium- Antimony  Alloys,     By  W.  Campbell. 


8.  Aluminium-Copper  Alloys,    By  W.  Campbell. 


»  Biche,  Jr.  Pharm.  Chsm.,  1896, 1,  v, 

*  H.  Oautier,  Comptet  M&nduSy  128  [1896],  p.  109. 


Digitized  by 


Google 


TRANSACTIONS  OF  SECTION  B.  607 

SATURDAY,  SEPTEMBER  14. 
The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  16. 

The  following  Papers  and  Reports  were  read  : — 

1,  On  the  Three  Stereomeric  Cinnamic  Acids. 
By  Professor  A.  Michael. 


2.  On  the  Genesis  of  Matter.    By  Professor  A.  Michael. 


3.  On  tlie  Process  of  Svibstitution.    By  Professor  A.  Mighail. 


4.  On  the  Synthetical  Formation  of  Bridged-rings. 
By  Professor  W.  H.  Pebkin,  FM.S. 


5.  The  Condensation  of  Befizil  with  Dtbetizyl  Ketone. 
By  G,  G.  HBNDBB80K,  D.8c.,  and  R.  H.  Corstobpbinb,  B:Sc. 

Benzil  condenses  readily  with  dihenzyl  ketone  in  presence  of  aqueous  caustic 
potash,  imd  tetraphenylcyclopentenoUme  is  produced  according  to  the  equation 

Ph. CO    Ph.OHj^  Ph.C  =  C.Ph 

I     +  >CO«H„0+         I  >C0 

Ph. 00    Ph.CH/  Ph.C(OH).OHPh'^ 

The  new  compound  crystallises  in  colourless  lustrous  needles,  m.p.  208^  It  is 
readily  soluble  in  benzene,  but  oiAj  sparingly  in  alcohol.  It  yields  an  oxime  which 
crystallises  in  small  colourless  prisms,  m.p.  1B7°,  and  when  heated  in  alcoholic 
solution  with  parabromphenylhydrazine  it  gives  a  crystalline  hydrasxme^  m.p.  169^. 
The  acetyl  derivative  was  obtained  in  prisms  of  a  dark  purple  colour,  from  which 
the  colouring  matter  could  not  be  removed  by  recrystallisation :  it  melts  at  218^. 
Tetraphenylcyclopentenolone  readily  decolorises  permanganate,  yet  it  does  not 
combme  additively  with  bromine,  as  might  be  expeqted  grom  its  constitution,  but 
is  slowly  converted  into  an  unstable  bromine  derivative,  which  was  not  obtained  in 
a  state  of  purity.  It  also  reacts  with  phosphorus  pentachjoride  and  with  alcoholic 
hydrogen  chloride,  but  the  product,  which  contained  chlorine^  was  too  unstable  to 
admit  of  purification.  When  cautiously  oxidised  with  chromic  anhydride  dis- 
solved in  glacial  acetic  acid  it  gives  benzoic  acid  and  a  neutral  compound  of  the 
formula  Cj^H^oO^,  which  occurs  in  colourless  crystals,  m.p.  164°.  When  boiled  under 
a  reflux  condenser  with  hydriodic  acid  and  red  phosphorus,  tetraphenylcyclopente- 

Ph.O  =  OPh      V 
nolone  is  partially  reduced  and  fefrapAe72y/c^c/o0e7z^enoZ  I  }  OHOH 

Ph.CH.CHPh'^ 
is  obtained.  This  substance  crystallises  in  shining  colourless  needles,  m.p.  162^. 
It  is  readily  soluble  in  benzene,  but  very  sparin^y  in  alcohol,  and  it  reduces 
permanganate.  It  does  not  react  either  with  nydroxylamiiie  or  with  phenylhydra- 
zine,  but  it  yields  an  acetyl  derivative,  which  crystallises  in  colourless  tablets, 
m.p.  182^.  It  does  not  form  an  addition  product  with  bromine,  but  is  converted 
into  a  bromine  derivative,  C^oHg^Br .  OH,  which  crystallises  in  colourless  needles, 
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m.p.  215°,  and  by  the  action  of  phosphorus  pentachloride  or  of  alcoholic  hydrogen 
chloride  it  yields  a  chhroUtrapnenylcyclopentene,  O^BL^jOl,  in  the  form  of  coloa> 
less  prisms,  m.p.  18 1^  By  heating  at  180°  in  a  sealed  tube  with  hydriodic 
add  and  red  phosphorus,  tetraphenylcyclopentenol  is  reduced,  and  yields  s 
mixture  of  two  hydrocarbons,  C.^H24  '^^  Co^Ho,,,  which  can  be  separated  by  mesni 
of  ether,  in  which  the  former  is  readily  and  the  latter  sparingly  soluble.  '  G.i^^ 
separates  from  ether  as  a  crystalline  powder,  which  melts  with  decomposition 

Ph.C  =  OPh 
over  300°.    It  is  no  doubt  tctraplienylcyclopentcne  I  >  0H.>.     The 

Ph .  CH~OUPh/ 
other  hydrocarbon  separates  in  the  crystalline  state  from  alcohol.     It  melts  it 
80*6-81°,    and     is     apparently    identical    with    the     tetraphenylcyclopentene 
PhOH-OHPh, 


i 


PhCH-CHPh 


NOH.^,  already  prepared,  in  a  different  manner,  by  Wislicenus. 


6.  Some  Relationa  between  Phyeical  Constanta  and  Constitution  in 
Benzenoid  Amines.  Fart  III.  By  W.  R.  Hodgkinson  owrf 
Jm  Limpach. 

In  the  '  Proc.  Ohem.  Soc.,'  1893,  9,  41,  we  drew  attention  to  some  relationships 
between  melting-points  and  constitution  in  some  amines,  and  a  further  contribu- 
tion by  Gordan  and  one  of  us  on  the  same  subject  appears  in  'Trans.  Chem.  Soc.,' 
1901,  79, 1080. 

Since  then  a  considerable  number  of  amines,  their  formyl  and  acetyl,  and  other 
derivatives  have  been  prepared,  it  is  believed,  in  as  pure  a  state  as  possible,  and 
their  melting-points  redetermined. 

The  first  point  noticeable  is  that  the  difference  between  the  melting-points  of 
the  formyl  and  acetyl  derivatives  of  bases  of  the  same  constitution  is  the  same  or 
very  nearly  so. 

If  in  any  base  a  methyl  group  be  replaced  by  ethyl  or  oiymethyl  (OCHj)  the 
melting-points  of  the  formyl  apd  acetyl  compounds  change,  but  the  differences 
between  them  appear  to  be  the  same  as  between  the  formyl  and  acetyl  derivatlTes 
of  the  methyl  compounds. 

The  following  will  serve  as  instances : — 


— 

Ooniiitutioni 

Melting-points 

' 

Formyl- 
oompoond 

Acetyl- 
oomponnd 

DiiTerenoel 

1 

Pseado  Oumidine         • 
Bthyl-^Cumidine        • 

Para-xylidlne 
Oxymethyl-^-xylldine . 

Oumidine     .... 
Oxymethyl  Oumidine  . 

OH,  OH,  OH, 
2        3       5 

OH,  OjH,  OH, 
2        8       5 

OH,            OH, 

OOH,           OH, 
1                4 

OH,   OH,  OH, 
1         2        4 
OOH,  OH,   OH, 
12       4 

12^ 
IDS 

116-5 
86 

98 
68 

164*' 
145 

189 
109 

126 
96 

43 
42 

22-6 
23 

28 
28 

*  The  oonstitntion  is  expressed  as  in  parts  I.  and  II.  on  the  plan 

<3  )  NHCHO 

\  ti  1  X 
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The  tetra-methyl  bases  exhibit  some  other  peculiarities.  As  far  as  the 
melting-points  of  their  formyl  and  acetyl  derivatiyes  are  indications^  they  would 
appear  to  be  composed  of  two  xylidines  less  the  melting-point  of  formo-anilide 


*n„, 

1. 

NHCIIO                              NHCIIO               NHCIIO 

CH3<^^,CH3  composed  of  ,<^.0H,     0H„<^\ 

Formyl 

derivative 

CH, 

4        S 

CH, 

4        1 

CH,     CH, 

4        t 

V      v      \i/ 

M.P.  [163«]                          [lOi'-S]                  [KM'-S] 

104-6  + 104-5-46  =  168°. 

2. 

NHCflO                                    NHCHO         NHCII 

CH,i<^CH,  compoeedof  CH^-f    >jCH,      ,/>. 

Formyl 

derivative 

4       1 

CH,                               i 

t 

4        1 

OH, 

\5/                           \/         \/ 

CH, 

M.P.  [IBS']                                   [164°]                 [05°] 

164  +  65-46  =  183. 

3. 

NHCHO                              UCHO                  NHCHO 

<\CB,  composed  of  ,<^.CH,             /\ 

Formyl 

derivative 

CH, 

4        t 

CH.                       4      s 

CH, 

4      1  CH. 

V               \s/          \s/ 

CH,                                  OH. 

M.P.  [144^                             [113-6]                      [76-6] 

113-5 +  76-5-46 -144. 

The  foregoing  are  merely  a  few  examples.    A  much  more  extended  list  and 

an  attempt  at  a 

discufi 

«ion  of 

these  relations  we  1 

liope  t( 

3  give 

shortly 

7.  The  Existence  of  Certain  Semica/rhazidee  in  ntore  them  one  Modification. 
By  George  Young,  Ph.D. 

In  1887  Michaelis  and  Schmidt  made  benzoylphenylsemicarbaxide  by  the 
addition  of  cyanic  acid  to  as-benzoylphenylhydrazine 

0«H5.N.NH,  +  HONG = CeHj.N.NH.CGNHj 

daOeH,  OG.C.H, 

and  found  the  product  to  melt  at  202-203''.    Six  years  later  (1893)  Widman 
obtaiiied  benzoylphenylsemicarbazide  by  boiling  phenylsemicarbazide,  suspended 
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in  benzene,  with  benzoic  chloride,  but  found  the  melting>-point  of  the  product  to 
be  210-311^. 

C,H,.NH.NH.C0.NH3  +  C,H,.CO0r=  C,H,.N(OOCeH,).NH.(X).NH;  +  HOL 

Widman  then  repeated  the  preparation,  making  use  of  the  Michaelis-Schmidt 
method,  and  again  obtained  a  product  melting  at  210-211^.  From  this  it  might 
have  been  inferred  that  the  lower  melting-point  obtained  by  Michadis  and 
Schmidt  was  probably  due  to  insufficient  purification. 

Towards  the  end  of  1896  I  had  occasion  to  prepare  benzoylphenylaemicarb- 
azide,  and  made  use  of  Widman's  method.  The  product  obtamed  melted  at 
202-20S°,  and  the  melting-^int  was  not  altered  by  repeated  remstallisations.  I 
had  thus  obtained  the  Michaelis-Schmidt  product  by  meant  of  Widman's  method 
of  preparation,  and  at  the  same  time  confirmed  the  Michaelis-Schmidt  melting- 
point.  These  results  having  been  published  in  the  ^  Transactions  of  the  Chemical 
Society,'  Dr.  Widman  kindly  sent  to  me  a  sample  of  his  benzoylphenylsemi- 
carbazide,  which  I  found  by  my  thermometer  to  melt  at  210-212^,  so  that  the 
thermometers  were  not  to  blame  for  the  discrepancy. 

A  comparison  of  the  two  substances  showed  that  the  one  which  melted  at 
202-20S^  was  distinctly  more  soluble  than  the  higher  melting  one  in  the 
ordinary  solvents,  such  as  benzene,  ether,  alcohol,  or  water. 

The  first  interesting^  observation  was  that  on  boiling  a  small  quantity  of 
Widman's  substance  with  water:  it  went  into  solution  very  slovriy,  and  on 
cooling  separated  in  crystals,  which  melted  at  about  200^,  and,  after  recrystallisa- 
tion  from  dilute  alcohol,  at  202-203^. 

The  Widman  form  of  benzoylphenylsemicarbazide  had  been  transformed  into 
the  Michaelis-Schmidt  form. 

The  reverse  transformation  was  not  so  easy,  partly  because  it  takes  place,  even 
under  the  best  conditions,  very  slowly ;  partly  because  it  leads  under  varying 
conditions,  not  only  to  Widman's  benzoylphenylsemicarbazide,  but  also  to  a  thira 
modification. 

This  third  form  of  benzojlphenylsemicarbazide  melts  at  205-206^.  It  is 
produced  from  the  lowest  mating  form  by  boiling  with  benzene  in  a  reflux 
apparatus  on  the  water-bath.  The  change  took  place  with  2g.  substance  in 
about  fifteen  hours,  and  further  similar  treatment  was  without  effect. 

This  benzoylphenylsemicarbazide,  which  melts  at  205-206^,  can  be  n* 
crystallised  unaltered  from  benzene,  ethyUc  acetate,  acetone,  or  alcohol.  Boiling 
water  and,  more  slowly,  dilute  alcohol  convert  it  into  the  lowest  mdting  form. 

If  the  Michaelis-Schmidt  product  be  boiled  with  benzene  in  a  reflux  apparatus 
on  a  sand-tray,  instead  of  on  a  water-bath,  the  result  is  different.  The  change, 
here  again,  is  slow.  After  some  fifteen  hours*  boiling  the  product  softens  at 
about  205°,  and  is  completely  melted  at  210°.  Further  boiling  is  without  effect. 
This  product  can  be  separated,  by  washing  with  cold  ethylic  acetate,  into 
Widman's  benzoylphenylsemicarbazide,  which  remains  undissolved,  and  the 
third  modification  which  dissolves  in  the  ester. 

By  this  method  of  boilinfi^  with  benzene  on  a  sand-tray  the  form  melting  at 
205-206°  can  be  converted  partially,  but  never  completely,  into  Widman's 
modification. 

The  process  of  lowering  the  melting-point  from  211-212°  to  206-208°  is  best 
carried  out  by  boiling  with  acetone. 

The  difierence  in  effect  produced  by  exchanging  the  water-bath  for  a  tatud-tray 
in  boiling  witib  benzene  suggested  what  is  pro^bly  the  reason  why,  althoo^ 
making  use  of  apparently  exactly  the  same  method  as  Dr.  Widman  in  preparing 
the  benzoylphenylsemicarbazide,  I  obtained,  not*  his  product,  but  that  of  Michaelis 
and  Schmidt 

In  the  preparation  phenylsemicarbazide  and  benzoic  chloride  are  boiled  in 
benzene  in  a  reflux  apparatus.  I  had  carried  out  the  l)oilmff  on  a  water-bath,  and 
obtained  benzoylphenylsemicarbazide  of  melting-point  2(»-203°,  mixed,  as  was 
found  later,  wim  a  small  quantity  of  the  form  which  melts  at  206-206*.    Oa 
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repeating  the  preparation  in  exactly  the  same  manner,  with  the  exception  that 
the  water-bath  was  replaced  by  a  sand-tray,  I  obtained  Widman's  results. 

These  three  modifications  of  benzoylphenylsemicarbazide  are  not  only  different 
in  r^rd  to  their  melting-points  and  solubilities  in  various  solvents,  but  they  can 
be  dutinguished  from  one  another  by  their  appearance  under  the  microscope. 

That  one  of  them  is  not  simply  a  mixture  of  the  other  two  is  shown  by  the 
fact  that  when  any  two  are  ground  together  in  a  mortar  the  melting-poiut  of  the 
mixture  is  no  longer  sharp,  and  the  two  modifications  can  be  separated  again  by 
the  use  of  a  suitable  solvent.  A  mixture  of  equal  parts  of  the  modifications 
melting  at  205-206*"  and  211-212''  began  to  soften  at  204°  and  finished  melting  at 
209^ ;  the  whole  of  the  lower  melting  modification  could  be  removed  by  wasliing 
with  cold  ethylic  acetate. 

A  mixture  of  equal  parts  of  the  modifications  melting  at  202-208'"  and 
211-212°  began  to  shrink  at  about  200°  and  was  not  entirely  melted  until  208°. 
The  lower  melting  substance  could  be  removed  by  washing  with. warm  benzene. 

The  property  of  existing  in  three  such  modifications  is  not  confined  to  benzoyl- 
phenylsemicarbazide. I  have  obtained  by  similar  means,  that  is,  the  action  of 
various  solvents  at  different  temperatures,  three  modifications  of  phenylsemicarbazide, 
the  ordinary  form  melting  at  172°,  which  in  its  properties  corresponds  with  the 
Michaelis-Schmidt  benzoyl  derivative,  and  two  lower  melting  forms  melting  at 
164^  and  151°,  of  which  the  one  which  melts  at  151°  corresponds  in  its  insolubility 
and  its  stability  in  benzene  with  Widman's  benzoylphenylsemicarbazide. 

o-Tolylsemicarbazide,  p-tolylsemicarbazide,  and  benzoyl-p-tolylsemicarb- 
azide  have  each  been  found  capable  of  existence  in  three  modifications,  and 
from  indications  obtained  with  other  semicarbazides  it  seems  probable  this  would 
be  the  case  with  all  those  of  the  general  form  R.K'.NH.NH.CO.NH,  where 
R  is  a  benzenoid  radical  and  R'  is  hydrogen  or  benzoyl. 

As  to  the  relation  of  these  modifications  to  each  other,  the  semicarbazides  in 
question  may  be  trimorphous,  or  we  may  have  to  deal  with  some  form  of  stereo- 
isomerism. Unfortunately,  although  we  have  tried  a  number  of  reactions,  we 
have  not  been  able  as  yet  to  find  one  which  showed  a  difference  in  the  chemical 
behaviour  of  the  three  modifications,  and  we  might  therefore  accept  the  theory  of 
trimorphism  were  it  not  for  two  facts. 

The  first  is  that  it  is  possible  to  reorystallise  two  and  sometimes  all  three 
modifications  from  the  same  solvent,  and  even  in  presence  of  one  another,  without 
conversion  of  one  into  another.    That  seems  to  me  to  dispose  of  trimorphism. 

The  second  fact  is  that  with  certain  semicarbazides,  diphenylsemicarbazide 
(OoH5),N.H.CO.NH5,  hydrazodicarbwnide  NH5.CO.NH.Nfl.CO.NH,,  and  benzal- 
semicarbazone  CeHs.CH.N.NH.CO.NHQ,  I  have  been  unable  to  obtain  even  a 
suggestion  of  a  second  form. 

Iliat  seems  to  point  to  the  property  of  existing  in  these  different  forms  being 
dependent  on  the  nature  of  the  groups  in  position  1. 

NH3.Nfl.CO.NH3. 

(1)       (2)     (8)      (4) 

At  present,  however,  we  have  not  sufficient  evidence  on  which  to  base  any 
theoretical  explanation. 


8.  Report  on  Isomeric  Naphtltalene  DeriwUives. — See  Reports,  p.  152. 


9,  Report  on  laomorphous  Derivatives  of  Benzene, — See  Reports,  p.  78. 
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TUMSDA  r,  SMPTEMBBR  17. 
The  following  Papers  and  Keporta  were  read: — 

1.   Some  Points  in  Chemical  Education,     By  JoJi  Sakurai,   LL.D,^ 
Professor  of  Chemistry  in  the  Imperial  University  ofTokyo^  Japan. 

The  marvellous  and  wonderfully  rapid  pro^rress  which  chemistiy  has  made  within 
the  last  fifteen  years  is  characterised  by  the  fact  that  not  only  experimental  means 
of  investigation  have  been  extended,  enriched,  and  made  accurate,  nut  also  a  number 
of  comprehensive  and  fertile  idets  have  been  developed  one  after  another,  and 
deductive  methods  of  inquiry  made  possible  and  found  to  be  exceptionally 
fruitful ;  chemistry  has,  in  fact,  thrown  off  much  of  its  empirical  character,  and 
established  itself  to  be  a  truly  rational  science.  The  educational  value,  which  it 
has  thus  acquired,  is  enormous,  a  student  of  modem  chemistry  having  ample  oppor- 
tunities of  cultivating  the  power  of  observation  and  the  faculty  of  reasoning  at  the 
same  time — a  two-sided  advantage  which  is  possessed  neither  by  an  essentiaUy 
descriptive  science  nor  by  an  essentially  abstract  science. 

The  teaching  of  chemistry  from  the  point  of  view  attained  by  the  recent 
development  is  not  only  important  for  those  who  would  become  pure  chemists,  but 
also  for  those  who  would  have  to  apply  the  knowledge  of  that  science  in  sfecial 
directions,  such  as  physiology  and  chemical  technology,  inasmuch  as  its  coo* 
ceptions  are  exceedinglv  comprehensive  and  fertile,  their  applications  in  these 
directions  having  already  led  to  some  important  practical  results.  It  is  also  no 
less*  important  lor  the  education  of  boys  in  secondary  schools,  as  it  puts  the 
fundamental  fiicts  of  chemistrv  in  a  clear,  intelli^nt^  and  rational  form,  supplying 
requisite  food  for  the  healthy  development  of  theur  brain. 

Notwithstanding  these  evident  and  exceptional  advantages  which  the  teaching 
of  modem  chemistr}[  affords,  it  is  still  taught,  to  a  great  extent^  in  the  same  dry 
and  merely  descriptive  way  as  in  old  c&ys,  explanations  which  are  in  direct 
opposition  to^well-established  facts  being,  moreover,  not  unfVequently  given ;  and 
for  the  interest  of  our  science  and  profession  this  state  of  things  should  be  speedily 
remedied. 

One  of  the  remedies  would  be  to  remove  certain  misconceptions  which  seem  to 
prevail  pretty  freely.  Now  the  name  ^physical  chemistry,'  which  has  oome  into 
general  use,  has  apparently  given  to  many  an  idea  that  it  is  a  special  farmnch  of 
chemistry,  whilst,  in  fact,  it  pervades  the  whole  domain  of  our  science  and  treats 
of  specially  important  and  fundamental  chemical  questions.  Exclusive  use  of  the 
name  *  general  chemistry,'  in  its  stead,  would  have  the  effect  of  removing  tiiis 
misconception  and  of  accelerating  a  more  free  introduction  of  modem  views  into 
the  teacning  of  chemistry.  Another  misconception,  which  seems  to  have 
crept  into  toe  minds  of  many,  relates  to  the  use  of  mathematics.  It  is  often 
stated  that,  as  the  treatment  of  general  chemistry  requires  higher  mathematicii 
it  is  neither  possible  nor  desirable  to  introduce  it  into  elementanr  teaching,  but  in 
this  opinion  there  is  a  confusion  of  ideas.  It  is  true  that,  for  a  detailed  study  and 
cultivation  of  general  chemistry,  a  fair  knowledjge  of.  higher  mathematics  is  boUi 
dedrable  and  necessary.  This  fact  should,  indeed,  be  clearly  and  genenllj 
reeognised,  and  students  of  chemistry  should  be  encouraged  to  aoquirs  this 
biowledge.  But  the  teachings  of  general  chemistiy  can  be  introduced  into 
elementary  text-books  without  any  mathematics,  and  yet  in  a  concise,  useftil,  and 
interesting  form;  moreover,  simple  and  appropriate  lecturs experiments^  illus- 
trating the  laws  of  chemical  dynamics,  the  theory  of  solutions,  &c,  can  be  easily 
contrived. 

A  very  effective  remedy  would  be  to  diffuse  the  knowledge  of,  and  to  incrsass 
the  interest  in,  modem  views  among  the  teachers  in  seconds^  sdiools.    For  this 

Surpose  courses  of  lectures,  in  which  general  chemistry  is  amalgamated  with 
esoriptive  matter,  should  be  given  to  them,  say  during  summer  vacations ;  also 
writing  of  elementary  text-books  on  the  same  plan  should  be  encouraged. 
The  objection,  wluch  might  be  raised,  that  the  attempt  to  give  a  fiur  \ 
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in  general  chemistry  over  and  bejond  what  it  has  been  customary  to  teach  takes 
too  much  time  is  met  by  the  consideration  of  the  fact  that  some  portion  of  the 
descriptive  matter  usually  given  in  lectures  maybe  cut  off,  not  with  inconvenience, 
but  rather  with  advantage,  inasmuch  as  in  the  class-room  the  attention  of 
students  should  be  more  directed  to  points  of  general  interest  and  importance, 
whilst  the  time  usually  devoted  to  analytical  wora  in  the  laboratory  may  also  be 
eonveniently  shortened,  what  the  student  should  learn  from  it  bemg  rather 
principles  and  methods  of  analysis  than  mere  practical  skill. 


On  the  Detection  and  EatinuUion  of  Arsenic  in  Beer  and  Article$ 
of  Food.    By  W.  Thomson,  F.B.S.E. 


3.  On  tlie  Nomenclature  of  the  Ions, 
By  Professor  James  Walker,  F.B.S, 


4.  On  the  Fqtiilibrium  Law  as  applied  to  Salt  Separation  and  to  the 
Formation  of  Oceanic  Salt  Deposits,  By  Dr.  E.  Frankland  Arm- 
strong.— See  Keports,  p.  262. 


5.  Report  on  the  Bibliography  of  Spectroscopy, — See  Reports,  p.  155. 


WEDNESDAY,  SEPTEMBER  18. 

The  following  Papers  were  read : — 

1.  The  Electrolytic  Conductivity  of  Halogen  Acid  Solutions, 
By  Br.  J.  Gibson. 


2.  On  the  Flame  Coloration  and  Spectrum  of  Nickel  Compounds. 
By  P.  J.  Hartog. 

It  was  shown  that  when  nickel  acetate  is  brought  into  a  Bunsen  flame  tot^etber 
with  hydrochloric  acid  two  kinds  of  coloration  may  be  produced:  (1)  a  temporary 
purple  coloration  which  flashes  out  and  disappeais ;  (2)  a  more  permanent  deep- 
red  coloration.  The  temporary  coloration  is  so  evanescent  that  the  spectrum  of 
bright  lines  to  which  it  gives  rise  could  not  be  mapped  by  the  eye.  It  is  hoped 
to  record  it  photographically.  The  deep-red  coloration  gives  with  a  single  prism 
spectroscope  two  bands — a  red  band,  extending  from  wave  length  6292  to  6126, 
and  a  green  band,  extending  from  5328  to  5290.  It  was  shown  by  spraying  a 
10  per  cent,  solution  of  nickel  acetate  into  a  Smithells  separator  that  the  colora- 
tion is  produced  in  the  inner  cone.  The  solution  must  be  either  mixed  with 
hydrochloric  add  or  chloroform  vapour  must  be  introduced  into  the  flame  in  the 
manner  used  by  Smithells  in  his  researches  on  flame  coloration.  Nickel  chloride 
introduced  into  the  flame  gives  only  a  slight  red  coloration.  Cobalt  acetate  was 
found  to  yield  no  flame  ccuoration. 

The  theory  of  flame  coloration  is  still  obscure,  despite  the  researches  of 
Prin£[8heim  and  Smithells ;  but  these  experiments  lend  support  to  the  view  that 
chemical  action  is  necessary  for  the  production  of  colour  in  the  flame.  It  was 
pomted  out  that  in  the  case  of  manganese  the  flame  coloration  (green)  said  to  be 
*  sometimes'  produced  can  always  be  produced  with  the  acetate. 
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3.  The  Methods  of  Determining  the  Hydrolytio  Diseociation  of  SalU. 
By  Dr.  R.  C.  Farmer.— See  Reports,  p.  240. 


4.  T^e  Influence  of  Solvents  on  the  Rotation  of  Optically  Active 
Compoii^nds,    By  Dr,  T.  S.  Patterson. 
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Sbction  C— geology. 
Pkbbident  of  the  Sbotion—Johk  Hobnb,  F.R.S.,  F.R.S.E.,  F.G.S. 


THURSDAY,  8EPTEMBEB  11. 
The  President  delivered  the  following  Address  :— 

Recent  Advances  in  Scottish  Geology » 

A  quarter  of  a  century  has  elapsed  since  the  British  Association  met  in  this 
great  industrial  centre,  when  Professor  Young,  in  his  presidential  address  to  this 
Section,  pointed  out  some  of  the  difficulties  which,  as  a  teacher,  he  experienced  in 
summarising  the  principles  of  geology  for  his  students.  At  that  meeting,  also,  the 
late  Duke  of  Argyll,  whose  interest  in  geological  Questions  never  faded,  gave  an 
address  '  On  the  Physical  Structure  of  the  Hij^hlands  in  connection  with  their 
Geological  History.'  The  return  of  the  Association  to  the  second  city  of  the 
empire,  which  since  1876  has  undergone  remarkable  development,  due  in  no  smi^ 
measure  to  the  mineral  wealth  of  the  surrounding  district,  suggests  the  question. 
Has  Scottish  geologr  made  important  advances  during  this  interval  of  time  ? 
Have  we  now  more  ddfinite  knowledge  of  the  geological  systems  represented  in 
Scotland,  of  their  structural  relations,  of  the  principles  of  mountain-huildiDg,  of 
the  zonal  distribution  of  organic  remains,  of  the  volcanic,  plutonic,  and  meta^* 
morphic  rooks  so  largely  developed  within  its  borders?  It  is  true  that  many 
problems  still  await  solution,  but  anyone  acquainted  with  the  history  of  geological 
research  must  answer  these  questions  without  hesitation  in  the  affirmative.  In 
the  three  great  divisions  of  geological  investi^tion— in  stratigraphical  geology,  in 
paleeontology,  in  petrology— the  prop:^  has  indeed  been  remarkable.  The  details 
of  these  researches  are  doubtless  familiar  to  many  who  have  taken  an  active  share 
in  the  work,  but  it  may  serve  a  useM  purpose,  and  perhaps  be  helpful  as  a  land- 
mark  to  give  now  an  outline  of  some  of  the  permanent  advances  in  the  solid 
geology  of  Scotland  during  the  last  quarter  of  a  century. 

The  belt  of  Archaean  gneisses  and  schists,  which  may  be  said  to  form  the 
foundation  stones  of  Scotland,  have  been  mapped  in  great  detail  by  the  Geological 
Survey  since  1883  abng  the  western  part  uf  the  mainland  in  the  counties  of 
Sutherland  and  Ross.  In  that  region  they  occumr  a  vrell-defined  position,  being 
demonstrably  older  than  the  great  sedimentary  formation  of  Tomdon  Sandstone 
and  overlying  Cambrian  strata.  The  mapping  of  this  belt  by  the  survey  staff  and 
the  detailed  study  of  the  rocks  both  in  the  field  and  with  the  microscope  by  Mr. 
Teall  have  revealed  the  complexity  of  the  structural  relations  of  these  crystalline 
masaea,  and  have  likewise  thrown  considerable  light  on  their  history.  These 
researches  indicate  that,  in  the  North-west  Highlands,  the  Lewisian  (Aichiean) 
gneiss  may  be  resolved  into  (1)  a  fundamental  complex,  composed  mainly  of 
gneisses  that  have  affijiities  wim  plutonic  igneous  products,  and  to  a  limited  extent 
of  cxystaUine  schists  which  may  without  doubt  be  regarded  as  of  sedimentary 
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origin ;  (2)  a  mat  series  of  igneous  rocks  intrusiye  in  the  fundamental  complex  in 
the  form  of  dykes  and  sills.' 

The  rocks  of  the  fundamental  complex  which  have  affinities  with  plutonic 
Igneous  products  occupy  the  greater  part  of  the  tract  between  Cape  Wrath  ai^i 
Sliye.  Mr.  Teall  has  shown  that  the^  are  essentiaUy  composed  ot  minerals  that 
enter  into  the  composition  of  peridotites,  gabbros,  diorites,  and  granites;  as,  for 
example,  olivine,  hypersthene,  augite  (including  dial! age),  hornblende,  hiotite, 
plagioclase,  orthoclase,  microcline,  and  quartz.  In  1894  he  advanced  a  classiGca- 
tion  of  these  rocks,  based  mainly  on  their  mineralogical  composition  and  partly 
on  their  structure,  which  has  the  great  merit  of  being  clear,  comprehensive,  and 
independent  of  theoretical  views  as  to  the  history  of  the  rock  masses.  Stated 
broadly,  the  principle  forming  the  basis  of  classification  of  three  of  the  groups  ia 
the  nature  of  the  dominant  ferro-magnesian  constituent,  vii.,  pyroxene,  horn- 
blende, or  biotite,  while  the  members  of  the  fourth  group  are  composed  of  ferro- 
magnesian  minerals  without  felspar  or  quartz  ^  The  detailed  mapping  of  the 
region  has  shown  that  these  rock-grou]ps  have  a  more  or  less  definite  geographical 
distribution.  Hence  the  belt  of  Lewisian  gneiss  has  been  divided  into  three  dia- 
tricts ;  the  first  extending  from  Gape  Wrath  to  Loch  Laxford ;  the  second,  hom. 
near  Scourie  to  beyond  Lochinver,  and  the  third  from  Gruinard  Bay  to  the  isknd 
of  Raasay.  In  the  central  area  (Scourie  to  Lochinver)  pyroxene  gneisses  and 
ultrabasic  rocks  (pyroxenites  and  hornblendites)  are  specially  developed,  while  the 
granular  homblenae  rocks  (hornblende  gneies  proper)  and  the  biotite  gneisaea  are 
characteristic  of  the  northern  and  southern  tracts.  These  are  the  facto,  whatever 
theory  he  adopted  to  explain  them. 

In  those  areas  where  the  original  structures  of  the  Lewisian  gn^sa  have  not 
been  effaced  by  later  mechanical  stresses  it  is  possible  to  trace  knots,  banda,  and 
lentides  of  unfoliated,  ultrabasic,  and  banc  rocks  to  note  the  imperfect  separaticm 
of  the  ferro-magnesian  from  the  quartzo-felspathic  constituento,  to  obs^e  the 
gradual  development  of  mineral  ronding  ana  the  net-like  ramification  of  acid 
veins  in  the  massive  gneisses.  Many  of  these  rocks  cannot  be  appropriately 
described  as  gneiss.  Indeed,  Mr.  Teall  has  called  attention  to  the  close  analogy 
between  these  structures  and  those  of  plutonic  masses  of  younger  date. 

In  the  Report  on  Survey  Work  in  the  North-west  Highlands,  published  in 
1888,  the  parallel  banding,  or  first  foliation,  as  it  was  then  termed,  of  these  original 
gneisses  was  ascribed  to  mechanical  movement'  But  the  paper  on  ^Banded 
Structure  of  Tertiary  Gabbroe  in  Skye,'  by  Sir  A.  Geikie  and  Mr.  Teall,^  throwa 
fresh  light  on  this  question.  In  that  region  the  gabbro  displays  the  altemati<Mi  of 
add  uod  basic  folia,  the  crumpling  and  folding  of  the  bands  like  the  massive 
gneisses  of  the  Lewisian  complex.  Obviously  in  the  Skye  gabbro  the  structures 
cannot  be  due  to  subse(}uent  earth  movements  and  deformation.  The  authora 
maintain  that  they  are  original  structures  of  the  molten  magma,  and,  consequently, 
that  much  of  the  mineral  banding  of  the  Lewisian  gneisses,  as  diatinguiahed  from 
foliation,  may  be  due  to  the  conditiona  under  which  the  igneous  magma  waa 
empted  and  consolidated.  Whatever  theory  be  adopted  to  explain  the  origbal 
mineral  banding  of  the  Lewisian  gneisses,  it  is  certain  that  tney  possessed  this 
banding,  and  were  thrown  into  gentle  folds  before  the  uprise  of  the  later  intrusive 
dykes. 

The  crystalline  schisto  that  have  affinities  vrith  rocks  of  sedimentary 
origin  occupy  limited  areas  north  of  Loch  Maree  and  near  Gairloch.  The  pro- 
minent members  of  this  series  are  quartz  schists,  mica  schists,  graphitic  sdusta, 

1  Report  on  the  Beoent  Work  of  the  Geological  Survey  in  the  North-west  High- 
lands of  Scotland  based  on  the  Field-notes  and  Mapa  of  Messrs.  B.  N.  Peach* 
J.  Home,  W.  Gunn,  C.  T.  Clough,  L.  W.  Hinxman,  and  H.  M.  Gadell,  Quart.  Jomn. 
^dol.  iS^.*  ToL  xliv.  p.  8)57 ;  and  Annual  Report  of  the  Qeologiodl  Snnojf  for  189i, 
p.  280,  and  1896,  p.  17. 

*  Annual  Soportofths  €fo(Aogieal  Survey  for  1894,  p.  280. 

*  Quart,  Joum,  GtoL  8oe.,  voL  xliv.  p.  400. 

*  iWa.,  voL  1.  p.  646. 
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limestones  and  dolomites  with  tremolite,  garnet  and  epidote.^  They  are  there 
associated  with  a  massive  sill  of  epidiorite  and  bornblenae  schist.  The  relations 
which  these  altered  sediments  bear  to  the  gneisses  that  have  affinities  with 
plutonic  igneous  products  have  not  been  satisfactorily  determined.  But  the 
detailed  mapping  has  proved  that  north  of  Loch  Maree  they  rest  on  a  platform  of 
Lewisian  gneiss,  and  are  visibly  overlain  by  gneiss  with  basic  dykes  (Meall 
Riabhach),  and  that  both  the  ffneiss  complex  and  altered  sediments  have  been 
affected  by  a  common  system  of  folds.  In  the  field,  bands  of  my  Ionised  rock  have 
heen  traced  near  tbe  base  of  the  overlving  cake  of  gneiss,  and  the  micro^opic 
examination  of  the  latter  by  Mr.  Teall  has  revealed  cataclastic  structures  due  to 
dynamic  movement.  It  is  obvious,  therefore,  that,  whatever  may  have  been  the 
original  relations  of  the  altered  sediments  to  the  gneiss  complex,  these  have  been 
obscured  by  subsequent  earth-stresses. 

The  great  series  of  later  igneous  rocks  which  pierce  the  fundamental  complex 
in  the  form  of  dykes  and  sills  is  one  of  the  remarkable  features  in  the  history  of 
the  Lewisian  gneiss.  In  1895  Mr.  Teall  advanced  a  classitication  of  them,^  but 
his  recent  researches  show  that  they  are  of  a  much  more  varied  character.  For 
our  present  purpose  we  may  omit  the  dykes  of  peculiar  composition  and  refer  to 
the  dominant  tyi>es.  These  comprise:  (1)  ultrabasic  rocks  (peridotite),  (2)  basic 
(dolerite  and  epidiorite),  and  (3)  acid  (granite  and  pegmatite).  The  evidence  in 
the  field  points  to  the  conclusion  that  the  ultrabasic  rocks  cut  the  basic,  and  that 
the  granite  dykes  were  intruded  into  the  gneisFee  after  the  eruption  of  the  basic 
dykc^  The  greater  number  of  these  dykes  consists  of  basic  materials.  It  is 
important  to  note  that  the  basic  rocks  best  preserve  their  normal  dyke-like 
features  m  the  central  tract  between  Scourie  and  Lochinver,  whf  re  they  traverse 
the  pyroxene  gneisses.  But  southwards  and  northwards  of  that  tract,  in  districts 
where  they  have  been  subjected  to  great  dynamic  movement,  they  appear  as 
bands  of  hornblende  schist,  which  are  difficult,  to  separate  from  tbe  fundamental 
complex.  The  acid  intrusions  are  largely  developed  in  the  northern  tract  between 
Laxford  and  Durness ;  indeed,  at  certain  localities  in  that  region  the  massive  and 
foliated  granite  and  pegmatite  are  as  conspicuous  as  the  biotite  gneisses  and  horn- 
blende gneisses  with  which  they  are  associated. 

After  the  eruption  of  the  various  intrusive  dykes  the  whole  area  was 
su)>jected  to  enormous  terrestrial  stresses  which  profoundly  affected  the  funda* 
mental  complex  and  the  dykes  which  traverse  it.  These  lines  of  movement 
traverse  the  Lewisian  plateau  in  various  directions,  producing  planes  of  disruption, 
molecular  rearrangement  of  the  minerals  and  the  development  of  foliation.  It 
seems  to  be  a  general  law  that  the  new  planes  of  foliation  both  in  the  gneiss  and 
dykes  are  more  or  less  parallel  with  the  planes  of  movement  or  disruption.  If 
the  latter  be  vertical  or  nearly  horizontal  the  inclination  of  the  foliation  planes  is 
found  to  vary  accordingly. 

Close  to  the  well-defined  disruption-planes,  like  those  between  Scourie  and 
Kylesku,  the  gneiss  loses  its  low  angle,  is  thrown  into  sharp  folds,  the  axes  of 
which  are  parallel  with  the  planes  of  movement.  The  folia  are  attenuated,  there 
is  a  molecular  rearrangement  of  the  minerals,  and  the  resultant  rock  is  a  ffranulitic 
gneiss.  Indeed,  the  evidence  in  the  field,  which  has  been  confirmed  by  the  micro- 
8C(n)io  examination  of  the  rocks  by  Mr.  Teall,  seems  to  show  that  granuHtic  Wotite 
and  hornblende  gneisses  are  characteristic  of  the  zones  of  secondary  shear.  A 
further  result  of  these  earth-stresses  is  the  plication  of  the  original  gneisses  in 
sharp  folds,  trending  N.W.  and  S.E.  and  E.  and  W. ;  and  the  partial  or  complete 
recrvstaUisation  of  the  rocks  along  the  old  planes  of  mineral  banding. 

In  like  manner,  when  the  Intsic  dykes  are  obli<}uely  traversed  by  lines  of 
disruption,  thev  are  deflected,  attenuated,  and  within  the  shear  zones  appear 
frequently  as  phacoidal  masses  amid  the  reconstructed  gneiss.  These  phenomena 
are  aocompamed  by  the  recrystaUisation  of  the  rock  and  its  metamorphosis  into 
hornblende  schist    Similar  results  are  observable  when  the  lines  of  movement 

*  Anrntal  Report  of  the  Oeologioal  Swrvey  for  1895,  p.  17. 

*  Ihid,,  p.  18. 
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are  parallel  with  the  cdurse  of  the  dykes.  All  the  stages  of  change  from  the 
icassiTe  to  the  schistose  rock  can  he  traced — the  replacement  of  pprroxene  hj 
hornblende,  the  conversion  of  the  felspar  and  the  development  or  ffranulitic 
structure  with  foliation.  Here  we  have  an  example  of  the  ]^enomena  deyeloped 
on  a  larger  scale  by  the  post-Oambrian  movements,  viz.,  the  production  of  common 
planes  of  schistosity  in  rocks  separated  bv  a  vast  interval  of  time,  quite  irrespec- 
tive of  their  original  relations.  For  both  gneiss  and  dj^kes  have  common  planes 
of  foliation,  resulting  from  earth-stresses  in  pre-Torridonian  time. 

It  is  important  to  note  also  that  linear  foliation  is  developed  in  the  basic  dykes 
where  there  has  been  differential  movement  of  tho  constituents  in  folded  areas.  In 
the  case  of  the  anticline  mapped  by  Mr.  Clough,  near  Poolewe  in  Ross-shire,  he 
has  shown  that  the  linear  foliation  is  parallel  with  the  pitch  of  the  folds.  All 
these  phenomena  tend  to  confirm  the  conclusions  arrived  at  by  Mr.  TeaU,  and  pub- 
lished in  his  well-known  paper  *  On  the  Metamorphosis  of  Dolerite  into  Hornblende 
Schist.' » 

The  ultrabasic  and  acid  rocks  likewise  occur  in  the  schistose  form,  for  the 
peridotites  pass  into  talcose  schists  and  the  granite  becomes  gneissose. 

In  connection  with  the  development  of  schistosity  in  these  later  intrusive  rocks 
it  is  interesting  to  observe  that  where  the  basic  dykes  merge  completely  into  horn- 
blende schist,  and  seem  to  become  an  integral  part  of  the  fundamental  complex, 
biotite  gneisses  and  granular  hornblende  gneisses  prevail.  Whatever  be  the 
explanation,  the  relationship  is  suggestive. 

The  unconformabiliiy  between  the  Lewisian  gneiss  and  the  overlying  Torridon 
Sandstone,  which  was  noted  by  Macculloch  and  confirmed  by  later  observers,  must 
represent  a  vast  lapse  of  time.  When  tracing  this  base-line  southwards  through  the 
counties  of  Sutherland  and  Boss,  striking  evidence  was  obtained  by  the  Geological 
Survey  of  the  denudation  of  that  old  land  surface.  In  the  mountainous  region 
between  Loch  Maree  and  Loch  Broom  it  has  been  carved  into  a  series  of  deep 
narrow  valleys  with  mountains  rising  to  a  height  of  2,000  feet.  In  that  region  it 
is  possible  to  trace  the  orientation  of  that  buried  mountain  chain  and  the  direction 
of  some  of  the  old  river  courses.  This  remnant  of  Archeean  topography  must  be 
regarded  as  one  of  the  remarkable  features  of  that  interesting  region. 

In  1893  the  various  divisions  of  the  Torridon  Sandstone,  as  developed  between 
Cape  Wrath  and  Skye,  were  tabulated  by  the  Geological  Survey,  which  may  here 
be  briefly  summarised.  They  form  three  groups  :  a  lower,  composed  of  epidotic 
grits  and  conglomerates,  dark  and  grey  shales  with  calcareous  bands,  red  sand- 
stones, and  grits ;  a  middle,  consisting  of  a  great  succession  of  false-bedded  grits 
and  sandstones;  an  upper,  comprising  chocolate-coloured  sandstones,  micaceous 
flags  with  dark  shales  and  calcareous  bands.  The  total  thickness  of  this  great  pile 
of  sedimentary  deposits  must  be  upwards  of  10,000  feet,  and  if  Mr.  Clough's 
estimate  of  the  development  of  the  lower  group  in  Skye  be  correct^  this  amount 
must  be  considerably  increased.  Of  special  interest  is  the  evidence  bearing  on  the 
stratigraphical  variation  of  the  Torridon  Sandstone  when  traced  soutiiwards  across 
the  counties  of  Sutherland  and  Ross.  The  lower  group  is  not  represented  in  the 
northern  area,  but  southwards,  in  Ross-shire,  it  appears,  and  between  Lodi 
Maree  and  Sleat  varies  from  600  to  several  thousana  feet  in  thickness.  These 
divisions  of  the  Torridon  Sandstone  are  of  importance  in  view  of  tbe  correlation  of 
certain  sediments  in  Islay  with  the  middle  and  lower  Torridonian  groups  whlob 
there  rest  unconformably  on  a  platform  of  Lewisian  gneiss. 

In  continuation  of  the  researches  of  Dr.  Hicks,  published  in  his  paper  *  On  Pre- 
Cambrian  Rocks  occurring  as  Fragments  in  the  Cambrian  Conglomerates  in  Britain,'^ 
Mr.  Teall  has  specially  investigated  the  pebbles  found  in  the  Torridon  Sandstone. 
The  local  basement  breccias  of  that  formation  have  doubtless  been  derived  from  the 
platform  of  Lewisian  gneiss  on  which  they  rest,  but  the  pebbles  found  in  the  coaiw 
arkose  tell  a  difierent  story .^    He  has  found  that  they  comprise  quartrites  showing 

*  Quart.  Joum,  Qeal.  Soo.,  vol.  xli.  p.  133. 

*  deal.  Mag.,  1890,  p.  616. 

*  Annual  RepoH  of  the  Geological  Survey  tor  1896,  p.  20. 
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contact  alteration,  black  and  yellow  cherts,  jaspers  with  spherulitic  structures 
which  indicate  that  they  have  been  formed  by  the  silification  of  liparites  of  the 
'  Lea-rock '  type  and  sphernlitic  felsites  that  bear  a  striking  resemblance  to  those 
of  Uriconian  age  in  Shropshire.  These  intevesdng  relics  have  been  derived  from 
formations  which  do  not  now  occur  anywhere  in  the  western  part  of  the  counties 
of  Sutherland  and  Boss,  and  they  furnish  impressive  testimony  of  the  denudation 
of  the  Archeean  plateau  in  pre-Torridonian  time. 

These  Torridonian  sediments,  like  the  sandstones  of  younger  date,  contain  lines 
of  heavy  minerals,  such  as  magnetite,  ilmenite,  zircon,  and  rutile.^  The  dominant 
felspar  of  tbe  arkose  group  is  microcline,  that  of  the  basal  group  oligoclase.  In 
the  calcareous  sediments  of  the  upper  and  lower  groups  ibssils  might  naturally  be 
expected,  but  the  search  so  far  has  not  been  very  successful.  Certain  phosphatic 
nodules  have  been  found  in  dark  micaceous  shales  of  the  upper  group  which  have 
been  examined  by  Mr.  Teall.  From  their  chemical  composition  these  nodules 
might  be  regarded  as  of  organic  origin;  but  he  has  found  that  they  contain 
spherical  cells  with  brown-coloured  fibres,  which  appear  to  be  debris  of  organisms.^ 

Early  in  last  century  the  Torridonian  deposits  were  referred  by  Maoculloch ' 
and  Hay  Cunningham^  to  the  '  Primary  Red  Sandstone,'  and  by  Murchison,^ 
Sedgwick,  and  Hugh  Miller  to  the  Old  Red  Sandstone.  The  structural  relations 
of  the  Torridon  ^ndstone  to  the  OTerlying  series  of  quartzites  and  limestones 
were  first  clearly  shovni  br  Professor  Nicol,^  who  traced  the  unconformability 
that  separates  them  for  100  miles  across  the  counties  of  Sutherland  and  Rose. 
When  Salter  pointed  out  the  SLLurian  facies  of  the  fossils  found  in  the  Durness 
limestone  by  Mr.  Charles  Peach,  the  Torridonian  formation  was  correlated  with 
the  Cambrian  rocks  of  Wales  by  MurchisonJ  The  discovery  of  the  Olendlus 
fauna,  indicating  the  lowest  division  of  the  Cambrian  S3rstem,  in  the  quartzite- 
limestoce  series  by  the  Geological  Survey  in  1891  *  demonstrated  the  nre-Cambrian 
age  of  tbe  Torridon  Sandstone.  In  view  of  that  discovery,  whicn  proves  the 
great  antiquity  of  the  Torridonian  sediments,  it  is  impossible  to  climb  those 
picturesque  mountains  in  Assynt  or  Applecross  without  being  impressed  with 
the  unaltered  character  of  these  deposits.  Yet  it  can  be  shown  that  under  the 
influence  of  post-Cambrian  nM)vement8  they  approach  the  type  of  crystalline 
schists. 

Before  proceeding  to  the  consideration  of  the  Durness  series  of  qiuirtzites  and 
limestones  and  their  relations  to  the  Eastfm  Schists,  brief  reference  must  be 
made  to  the  controversy  between  Murchison  and  Nicol  regarding  the  sequence  of 
the  strata. 

The  detailed  mapping  of  the  belt  between  Eriboll  and  Skye  by  the  G^logioal 
Survey  has  completely  confirmed  NicoVs  conclusions  (1)  that  the  limestone  is 
the  highest  member  of  the  Durness  series ;  (2)  that  the  so-called  'Upper  Quartzite* 
and  '  Upper  Limestone '  of  Murchison's  sections  are  merely  the  repetition  of  the 
lower  quartzite  and  limestone  due  to  faults  or  folds ;  (8)  that  there  is  no  con- 
formable sequence  from  the  quartzites  and  limestones  into  the  OTerlying  schists 
and  gneiss ;  (4)  that  the  line  of  junction  is  a  line  of  fault  indicated  by  proofs  of 
fracture  and  contortion  of  the  sta^ata.  It  is  true  that  in  the  course  of  his  investi- 
gations NicoPs  yiews  underwent  a  process  of  evolution,  and  that  even  in  the  form 
in  which  he  ultimately  presented  them  he  did  not  grasp  the  whole  truth.  We 
now  know  that  he  was  in  error  when  he  regarded  portions  of  the  Archaean  gneira, 

*  AnmuU  Report  of  ths  Oeolo^al  Survey  for  18&3,  p.  263. 

*  Ihid.,  1899,  p.  186. 

*  Trams.  Choi.  Soc.,  ser.  1,  vol.  ii.  p.  450 ;  The  Western  Islett  of  ScotUmd^  vol.  ii. 
p.  89. 

*  Trmnsactions  of  the  Highland  and  AgrimtUnral  Society  of  Scotland,  vol.  xiii. 
(1889). 

*  Trans,  Geol.  Soc.,  ser.  2,  vol.  iii.  p.  156. 

*  Quart.  Joum.  Qeel.  Soo.^  vol.  xiii.  p.  17. 
^  Ibid.,  vol.  XV.  p.  363. 

*  Jhid.,  vol.  xlviii.  p.  227. 
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oocunring  i&  the  displaced  masses,  as  igneous  rocks  intruded  during  tlie  atrtli- 
movements,  and  that  he  failed  to  realise  the  evidence  bearing  on  dynamic  meta- 
morphism  resulting  from  these  movements.  But  I  do  not  doubt  that  the  verdict 
of  the  im|)artial  historian  will  be  that  Nicol  displayed  the  qualities  of  a  great 
atratigraphist  in  grappling  with  the  tectonics  of  one  of  the  most  complicated 
mountain  chains  in  Europe. 

The  period  now  under  review  embraces  the  reopening  of  that  controYeisy  in 
1878  by  I)r.  Hicks,  and  its  close  in  1884  after  the  publication  of  the  *  Benort  on 
the  Geology  of  the  North-west  of  Sutherland/  by  the  Geological  Surv^/  The 
Survey  work  has  confirmed  Professor  Bonney's  identification  of  the  Lewisian 
gneiss  and  Torridon  Sandstone  in  Glen  Logan,  Kinlochewe,^  brou^t  into  that 
position  by  a  reversed  fault ;  and  Dr.  Callaway's  conclumons  regardmg  overthmst 
faulting  at  Loch  Broom,  in  Assynt  and  in  Glenooul.^  Special  reference  must  be 
made  to  the  remarkable  series  of  papers  by  Professor  Lapworth  on  '  The  Secret 
of  the  Highlands/  in  which  he  demonstrated  the  accuracy  of  NicoFs  main  con- 
clusions, and  ]x)inted  out  that  the  stratigraphical  phenomena  are  but  the  ooonter- 
part  of  those  in  the  Alps,  as  described  by  Heim.^  His  researches,  moreover,  Isd 
him  to  a  departure  from  Professor  Nicors  views  regarding  the  age,  oompositioiii 
and  mode  of  formation  of  the  Eastern  Schists,  for  in  the  paper  which  ne  com- 
municated to  the  Geologists*  Association  in  1884  he  announced  that  their  present 
foliated  and  mineralogical  characters  had  been  developed  by  the  crust-moTemeDtB 
which  operated  in  that  region  since  the  time  of  the  Durness  quartzitee  and  lime- 
stones.^ Allusion  must  be  made  also  to  his  great  paper  ^On  the  Dieooveiyof 
the  Olenelltts  Fauna  in  the  Lower  Gambrian  Rocks  of  Britain/  in  which  he  not 
only  chronicled  the  finding  of  this  fauna  at  the  top  of  the  basal  auartiite  in 
Shropshire,  but  Buggested  the  correlation  of  the  Durness  quartzitee  ana  llmeetones 
with  the  Cambrian  rocks  elsewhere.^  That  suggestion  was  strikinglj  confirmed 
within  three  years  afterwards  by  the  discovery  of  the  OUneliua  fauna  in  Boss- 
shire. 

The  detailed  mspping  of  the  belt  of  Cambrian  strata  has  proved  the  atrildnff 
uniformity  of  the  rock  sequence.  There  is  little  variation  in  the  lithological 
characters  or  thicknesses  of  the  various  zones.  Basal  quartzitee,  pipe-rock,  Foooid- 
beds,  Serpulite  (Salterella)  grit,  limestone,  and  dolomite  form  the  invariable 
sequence,  for  a  distance  of  a  hundred  miles,  to  the  west  of  the  line  of  earth-move- 
ments. This  feature  is  also  characteristic  of  the  fossiliferous  zones,  for  the  sub- 
zones  of  the  pipe-rock,  the  Olenelltts  fauna  in  the  Fucoid-beds,  and  the  Salterella 
limestone  have  been  traced  from  Eriboll  to  Skye.  Owing  to  the  interruption  of 
the  sequence  by  reversed  faults  or  thrusts,  the  higher  foeeoliferous  limestone  zones 
are  never  met  with  between  Eriboll  and  Kishom,  but  they  occur  in  Skye,  wbers 
they  were  first  detected  by  Sir  A.  Geikie.^ 

Regarding  the  palceontological  divisions  of  the  system,  my  colleagpie,  Mr. 
Peach,  concludes  *  tnat  the  presence  of  three  species  o^  OleneUus  in  the  Fucoid- 
beds  and  Serpulite-grit  of  the  North-west  Highlands,  nearly  allied  to  the  American 
form  Olenelltts  Thoimoni—Xhe  type  species  of  the  genus— together  with  Ifyolitket, 
Salterella f  and  other  organisms  found  with  it,  prove  that  these  beds  repreaent  the 
Georgian  terrane  of  America,  which,  as  shown  by  Walcott,  underlies  the  JParO' 
doxides  zone.'  Hence  he  infers  that  there  can  be  no  doubt  of  the  Lower  Cambrian 
age  of  the  beds  yielding  the  Olenellus  fauna  in  the  North-west  Highlands.  Bir. 
Peach  further  confirms  Salter's  opinion  as  to  the  American  &cies  of  the  fossils 
obtained  from  the  higher  fossiliferous  zones  of  the  Durness  dolomite  and  limestone. 
He  states  that '  the  latter  fiiuna  is  so  similar  to,  if  not  identical  with,  that  occurring 
in  Newfoundland,  Mingan  Islands,  and  Point  Levis,  beneath  strata  yielding  the 

*  NiUure^  vol.  xxxi.  p.  29,  November  1884. 

*  Quart,  Joum.  Oeol,  Soc,^  vol.  xxxvL  p.  93.  '  IHd,,  voL  zzxix.  p.  41€. 

*  Oeol.  Mag,,  Dec.  2,  vol.  x.  pp.  120, 198,  337. 

»  Proc.  Geoh  Astoc,,  vol.  viii.  p.  438 ;  Oeol.  Mag,,  Dec.  3,  vol.  ii.  1886,  p.  97. 

*  Oeol,  Mag.,  Dec.  8,  vol.  v.  pp.  484-487. 

*  Quart,  Joitm,  Oeol.  Soc.y  vol.  xliv.  p.  62. 
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PhyUograptus  fauna  of  Aienig  age,  that  the  beds  must  be  regarded  as  belonging 
to  the  higoer  divisions  of  the  Cambrian  formation/ 

The  intrusive  igneous  rocks  of  the  Assynt  region,  of  later  date  than  Cambrian 
time,  and  yet  older  than  the  post-Cambrian  movements,  have  been  specially  studied 
by  Mr.  Teall,  v^ho  has  obtained  results  of  special  importance  from  a  petrological 
point  of  view.  This  petrographical  province  embraces  the  plutonic  complex  of 
Cnoc  na  Sroine  and  Loch  Borolan,  and  the  numerous  sills  and  dvkes  that  traverse 
the  Cambrian  and  Torridonian  sediments,  and  even  the  underlying  platform  of 
Lewisian  gneiss.  He  infers  that  the  plutonic  rocks  have  been  formed  by  the  con- 
solidation of  alkaline  magmas  rich  in  soda.  At  the  one  end  of  the  series  is  the 
quartz-syenite  of  Cnoc  na  Sroine,  and  at  the  other  the  basic  augite-syenite, 
aei^line-syenite,  aud  borolanite.  The  basic  varieties  occur  on  the  margin,  and 
the  acid  varieties  in  the  centre.  The  sills  and  dykes  comprise  two  well-marked 
types,  camptonites  or  vogesites,  and  felsites  with  alkali  febpar  and  segirine,  which 
he  believes  to  represent  the  dyke  form  of  the  magmas  that  gave  rise  to  the  plutonic 
mass.^ 

The  striking  feature  in  the  geology  of  the  North-west  Highlands  is  the  evidence 
relating  to  those  terrestrial  movements  that  afiected  that  region  in  post- Cambrian 
times,  which  are  without  a  parallel  in  Britain.  The  geological  structures  produced 
\rr  these  displacements  are  extremely  complicated,  but  the  vast  amount  of  evidence 
obtained  in  the  course  of  the  survey  of  that  belt  clearly  proves  that,  though  the 
sections  vary  indefinitely  along  the  line  of  complication,  they  have  certain  features 
in  common  which  throw  much  light  on  the  tectonics  of  that  mountain  chain. 
Some  of  these  features  may  thus  be  briefly  summarised. 

1.  By  means  of  lateral  compression  or  earth-creep  the  strata  are  thrown  into 
a  series  of  inverted  folds  which  culminate  in  reversed  faults  or  thrusts. 

3.  Without  incipient  folding,  the  strata  are  repeated  by  a  series  of  minor 
thrusts  or  reversed  faults  which  lie  at  an  oblique  angle  to  the  major  thrust- 
planes  and  dip  in  the  direction  from  which  the  pressure  came,  that  is,  from  the 


3.  By  means  of  major  thrusts  of  varying  magnitude  the  following  structures 
are  produced :  (a)  the  piled  up  Cambrian  strata  are  driven  westwards  along 
planes  formed  by  the  underlying  undisturbed  materials ;  (b)  masses  of  Lewisian 
ffneiss,  Torridon  Sandstone,  and  Cambrian  rocks  are  made  to  override  the  under- 
ling piled-up  strata ;  (c)  the  Eastern  Schists  are  driven  westwards  and,  in  some 
cases,  overlap  all  major  and  minor  thrusts  till  they  rest  directly  on  the  undisturbed 
Cambrian  strata. 

When  to  these  features  are  added  the  efiects  of  normal  faulting  and  prolonged 
denudation,  it  is  possible  to  form  some  conception  of  the  evolution  of  those  extra- 
ordinary structures  which  are  met  with  in  that  region.  Some  of  the  features  just 
described  occur  in  other  mountain  chains  aflected  by  terrestrial  movement,  as  in 
the  Alps  and  in  Provence ;  but  there  is  one  which  appears  to  be  peculiar  to  the 
North-west  Highlands.  It  is  the  remarkable  overlap  of  the  Moine  Thrust-plane — 
the  most  easterly  of  the  great  lines  of  displacement.  Along  the  southern  confines 
of  the  wild  and  complicated  region  of  Assynt,  that  plane  can  be  traced  westwards 
for  a  distance  of  six  miles  to  the  Knockan  clifi',  where  the  micaceous  flagstones  rest 
on  the  Cambrian  limestone.  In  Durness  we  find  an  outlier  of  the  Eastern  Schists 
reposing  on  Cambrian  limestone,  there  preserved  by  normal  faults,  at  a  distance  of 
about  ten  miles  from  the  mass  of  similar  schists  east  of  Loch  EriboU,  with  which 
it  was  orig^aUy  continuous. 

Though  manv  of  these  structures  appear  incredible  at  first,  it  is  worthy  of  note 
that  some  have  been  reproduced  expenmentallv  by  Mr.  Caddl.^  He  tooK  layers 
of  sand,  loam,  clay,  and  i>laster  of  Paris,  and  after  the  materials  had  set  into  hard 
brittle  laminsd,  in  imitation  of  sedimentary  strata,  he  applied  horizontal  pressure 
under  varying  conditions.  The  results,  some  of  which  may  here  be  given,  were 
remarkable. 


*  Oeol.  Mag,,  December  4,  vol.  vii.  p.  385  (1900). 
"  Tram,  Royal  Soc.  Edinburgh,  vol.  xxxv.  p.  337. 
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1.  The  compressed  mass  tends  to  find  relief  along  a  series  of  g^Hj  inettaed 
thrust-planes,  which  dip  towards  the  side  from  which  pressure  is  exerted. 

2.  After  a  certain  amount  of  hei^inf^  up  along  a  series  of  minor  throst-pltnes, 
the  heaped-np  mass  tends  to  rise  and  ride  forward  bodily  along  major  thrust- 
planes. 

8.  The  front  portion  of  a  mass  being  pushed  along  a  thrust-plane  tends  to  bend 
over  and  curve  under  the  back  portion. 

4.  A  thrust-plane  below  may  pass  into  an  anticline  above ;  and  a  major  thrust- 
plane  above  may  and  probably  always  does  originate  in  a  fold  below. 

Now  these  important  experiments  confirm  the  condumon  reached  by  the 
Geological  Survey  from  a  study  of  the  phenomena  in  the  field,  viz.,  that  under 
the  influence  of  horizontal  compression  or  earth-creep  the  rocks  in  that  rtifp&i 
behaved  like  brittle  rigid  bodies  which  snapped  acrops^  vrere  piled  up  and  driven 
westwards  in  successive  slices.  But,  further,  these  displacements  were  accompanied 
by  differential  movement  of  the  materials  which  resulted  in  the  development  of 
new  structures.  These  phenomena  culminate  along  the  belt  of  rocks  in  immediate 
association  with  the  Moine  Thrust,  where  the  outcrop  of  that  thrust  lies  to  the 
east  of  a  broad  belt  of  displaced  materials.  There,  Lewisian  gneiss,  Torridon 
Sandstone,  and  Cambrian  (juartzite  are  sheared  and  rolled  out,  presenting  new 
divisional  planes  parallel  with  that  of  the  Moine  Thrust.  The  iJewisian  gneiie 
shades  into  flaser  gneiss  and  schist,  and  ultimately  passes  into  a  banded  rock  like  a 
platy  schist.  The  pegmatites  show  fluxion  structure  with  felspar  *  eyes '  like 
that  of  the  rhyolites.  At  intervals  in  these  zones  of  highly  sheared  rocks,  pha* 
coidal  masses  of  Lewisian  gneiss  appear,  in  which  the  pre-Torridonian  structurei 
are  not  wholly  effaced.  The  sills  of  camptonite  and  felsite  intrusive  in  the  Cam- 
brian rocks  llecome  schistose  and  together  with  the  sediments  in  which  Ihey  oecnr 
appear  in  a  lenticular  form.  All  these  my  Ionised  rocks  show  a  characteristic 
striping  on  the  divisional  planes,  due  to  orientation  of  the  constituents  in  the 
direction  of  movement. 

Still  more  important  evidence  in  relation  to  the  question  of  regional  metamor* 
phism  is  furnished  by  the  Torridon  Sandstone.  In  the  case  of  the  basal  con- 
glomerate the  pebbles  have  been  flattened  and  elongated,  and  a  fine  wavy  structure 
has  been  developed  in  the  matrix.  In  the  district  of  Ben  More,  Assynt  planes  ef 
schistosity,  more  or  less  parallel  with  the  planes  of  the  Ben  More  Thnist,  jnmb 
downwards  from  the  Torridon  conglomerate  into  the  underlying  gneiss.  BoA 
have  a  common  foliation  irrespective  of  the  unconformability  betvreen  them. 
Again,  along  the  great  inversion  south  of  Stromeferry,  foUationhas  been  developed 
in  the  Torridon  conglomerate  and  overlying  Lewisian  gneiss,  parallel  to  the  plane 
of  the  Moine  Thrust.  The  Torridon  grits  and  sandstones  south  of  Ejnlocnewe 
and  between  Kishom  and  Loch  Alsh  are  similarly  affected  by  the  post-Cambrian 
movements.  Mr.  Teall  has  shown  that  the  quartz  grains  have  been  drawn  out 
into  len tides  and  into  thin  folia  that  wind  round  *  eyes '  of  felspar.  A  seoondirf 
crypto-crystalline  material  has  been  produced,  sericitic  mica  appears  in  the  divi- 
sional planes,  and  in  some  instances  biotite  is  developed.  In  short,  he  concludes 
that  in  these  deformed  Torridon ian  sedimerits  there  is  an  approximation  to  the 
crystalline  schists  of  the  Moine  type.  The  stratigraphical  horizon  of  these  Todw 
can  be  clearly  proved.  The  subdivisions  of  the  Torridon  Sandstone  have  been 
recognised  in  those  displaced  masses  which  lie  to  the  east  of  the  Kishom  Thrust 
and  to  the  west  of  the  Moine  Thrust.  It  is  worthy  of  note  also  that  in  the  belt 
of  highly  sheared  gneiss  south  of  Stromeferry  that  comes  between  the  Torridonko 
inversion  in  the  west  and  the  Moine  Thrust  on  the  east  Mr.  Peach  has  found 
folded  and  faulted  inliers  of  the  basal  division  of  the  Torridon  Sandstone  that  have 
a  striking  resemblance  to  t3rpical  Moine  schists. 

Regarding  the  age  of  these  poet- Cambrian  movements,  it  is  obvious  that  they 
must  l^  later  than  the  Cambrian  limestone  and  older  than  the  Old  Bed  Sandatooe, 
for  the  basal  conglomerates  of  the  latter  rest  unconformably  on  the  eastern  sd^isle 
and  contain  pebbles  of  basal  quartzite,  pipe-rock,  limestone,  and  dolomite  derived 
from  the  Cambrian  rocks  of  the  North-west  Highlands. 

East  of  the  Moine  Thrust  or  great  line  of  duplacement  extending  from  EriboD 
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to  Skye,  we  enter  the  wide  domain  of  the  metamorphic  rocks  of  the  Highlands^  a 
region  now  under  inrestigation,  and  which  presents  difficult  prohlems  for  solution. 
Two  prominent  types  of  crystalline  schists  (CiJedonian  series,  Callaway,  and  Moine 
schists  of  the  Geological  Survey)  have  heen  traced  over  wide  areas  in  the  counties 
of  Sutherland,  Koss,  and  Inverness,  and  across  the  Great  Glen  to  the  northern 
slopes  of  the  Grampians.  Consisting  of  granulitic  quartzose  schists  arid  muscovite* 
biotite  schist  or  gneiss,  they  appear  to  he  of  sedimentary  origin,  though  crystalline. 
They  are  associated  with  recognisable  masses  of  Lewisian  gneiss  covering  many 
square  miles  of  ground  and  presenting  many  of  the  structures  to  characteristic  of 
that  complex  in  the  Yindisturbed  areas  already  described.  Within  the  belt  of 
Lewisian  gneiss  at  Glenelg  Mr.  Clou^h  has  mapped  a  series  of  rocks  presumably  of 
sedimentary  origin,  including  graphitic  schists,  mica  schists,  and  limestones,  but  the 
gneiss  with  which  they  are  associated  possesses  granulitic  structure  like  that  of  the 
adjoining  Moine  schists.^  Further,  in  the  east  of  Sutherland,  and  also  in  the 
count;^  of  Ross,  foliated  and  massive  gp*anites  appear  which  are  interleaved  in  the 
adjoining  Moine  schists,  forming  injection  gneisses  and  producing  contact  meta- 
morphism.' 

In  the  Eastern  Highlands  the  Moine  series  disappears  and  is  replaced  by  a 
broad  development  of  schists,  admittedly  of  sedimentary  origin,  which  have  been 
termed  the  iJalradian  series  by  Sir  A.  Geikie.  Within  recent  years  it  has  been 
divided  into  certain  rock-groups  which  have  been  traced  by  the  Geological 
Survey  from  the  counties  of  Banff  and  Aberdeen  to  Eintyre.  It  has  been  found 
that,  though  highly  crystalline  in  certain  areas,  they  pa»«  along  the  strike  into 
comparatively  unaltered  sediments,  as  proved  by  Mr.  Hill  in  the  neighbourhood  of 
Loch  Awe.'  'Before  the  planes  of  schistosity  were  developed  in  these  Dalradian 
schists  they  were  pierced  by  sills  of  basic  rock  (gabbro  and  epidiorite)  and  add 
material  (granite),  both  of  which  must  have  shared  in  the  movements  that  affected 
the  schists,  as  they  merge  respectively  into  hornblende  schists  and  foliated  granite 
or  biotite  gneiss.  Both  seem  to  have  developed  contact  metamorphism ;  indeed, 
Mr.  Barrow  *  contends  that  the  regional  metamorphism  so  prominent  in  the  south- 
east Highlands  is  mainly,  if  not  whollj,  due  to  the  intrusion  of  an  early  panite 
nmgma,  now  exposed  at  the  surihce  m  the  form  of  local  bosses  of  granite  and 
isolated  veins  of  pegmatite. 

The  age  of  the  Dalradian  schists  has  not  been  determined.  Though  thm 
seems  to  be  an  apparent  order  of  superposition,  in  tbis  series  it  is  still  uncertain 
whether  that  implies  the  original  sequence  of  deposition.  Since  Sir  A.  Geikie 
applied  the  term  Dalradian  to  the  Eastern  Highland  schists  in  1891,'^  evidence  has 
been  obtained  ^  that  suggests  the  correlation  of  certain  rocks  along  the  Highland 
border  with  the  Arenig  and  younger  Silurian  strata  of  the  Southern  Uplands. 
Consisting  of  epidiorite,  chlorite  schist,  radiolarian  cherts,  black  shales,  grits,  and 
limestone,  the}r  have  been  traced  at  intervals  from  Arran  to  Kincardineshire.  In 
the  latter  region  Mr.  Barrow  contends  that  they  are  separated  by  a  line  of  dis- 
ruption from  the  Highland  schists  to  the  north ;  but  no  such  discordance  has  been 
detected  in  the  Callander  district  or  in  Arran.  Though  these  rocks  of  the  High- 
land border  have  been  much  deformed,  yet  their  occurrence  in  the  same  order  of 
succession  in  that  region  and  in  the  Southern  Uplands  is  presumptive  evidence  for 
their  correlation. 

In  view  of  this  evidence  it  is  not  improbable  that  the  Dalradian  series  may 
contain  rock-groups  belonging  to  different  geological  systems.  Indeed,  thu  result 
of  recent  Survey  work  in  Islay  tends  to  support  this  view.    For  in  the  south-west 

»  Summary  of  ProgreBS  of  the  Geological  Survey  for  1897,  p.  37. 
^  *  On  Foliated  Granites  and  their  Eelations  to  the  Crystalline  Schists  in  Eastern 
Sutherland/  Queurt.  Joum.  Oeol,  Soc.,  vol.  Hi.  p.  683. 

•  Annual  Rsport  of  the  Geological  Survey  for  1893,  p.  265. 

•  'Intrusion  of  Muscovite-biotite  Gneiss  in  the  South-east  Highlands  and  its 
accompanying  Metamorphism/  Quart.  Joum.  Geol.  Soc,  vol.  xlix,  p.  380. 

»  Quart,  Joum.  Geol,  Soc,  vol.  xlvii.  p.  72. 

•  Aimual  Report  of  the  Geological  mrvey  for  1898,  p.  266  for  1896,  p.  25 ;  fair 
1896,  p.  27. 
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part  of  that  island  there  is  a  mass  of  Lewisian  ^eiss  overlaid  unconformaUy  bj 
sedimentary  strata  which  have  been  correlated  with  the  lower  and  middle  diyisioDS 
of  the  Torridon  Sandstone.  Unfortunately  the  sequence  ends  here,  as  both  the 
gneiss  and  overlyiog  sediments  are  separated  by  a  line  of  disruption  or  throat- 
plane  from  the  strata  in  the  eastern  part  of  the  island.  And  jet,  notwith- 
standing this  break,  the  evidence  obtained  in  the  latter  district  is  remarksble, 
whatever  theory  be  adopted  to  explain  it.  There  the  Islsy  limestone  and  Uack 
slates  appear  to  be  covered  nnconformably  by  the  IsUy  quartsite  contaimnff 
Annelid  tubes  and  followed  in  ascending  sequence  by  Fucoidal  shales  ana 
dolomites,  suggestive  of  the  Cambrian  succession  in  Sutherland  and  Boss.  The 
Islay  quartzite  passes  into  Jura,  thence  to  the  mainland,  and  it  may  eventually 
prove  to  be  the  Perthshire  quartzite,  while  the  Isiay  limestone  and  black  slate  an 
supposed  to  be  the  prolongations  of  the  limestone  and  slate  of  the  Loch  Awe 
series  in  Argyllshire.^ 

From  the  foregoing  data  it  will  be  seen  that  much  uncertainty  prevails 
regarding  the  age  and  structural  relations  of  the  metamorphic  rocks  of  the  High* 
lands,  but  the  difficulties  that  here  confront  the  observer  are  common  to  all  areM 
affected  by  regional  metamorphism. 

A  prominent  feature  in  the  geology  of  the  Eastern  Highlands  is  the  gittt 
development  of  later  plutonic  rocks  chiefly  in  the  form  of  granite  ranging  fJong 
the  Grampian  chain  from  Aberdeenshire  to  Ar^llshire.  In  connection  with  one 
of  these  masses  a  remarkable  paper  appeared  in  1892  which  in  my  opinion  hu 
profoundly  influenced  petrological  inquiry  in  Scotland  from  the  li^ht  which  it 
threw  on  the  relations  of  a  connected  series  of  petrographical  types  in  a  plutonic 
complex.  I  refer  to  the  paper  on  the  *  Plutonic  Rocks  of  Garabal  Hill  and  Meall 
Breac/  by  Mr.  Teall  and  Mr.  Dakyns.« 

The  authors  showed  that  this  plutonic  mass  comprises  granite,  tonal ite,augite- 
diorite,  picrites,  serpentine,  and  other  compounds.  Mr.  Teall  regards  the  members  of 
this  sequence  as  products  of  one  original  magma  by  a  process  of  differentiationytbe 
peridotites  being  the  oldest  rocks,  b^ause  the  minerals  of  wluch  t^ey  are  composed 
are  the  first  to  form  in  a  plutonic  magma.  As  the  process  of  consolidation 
advances,  rocks  of  a  varied  composition  arise,  in  the  order  of  increasing  additjf 
viz.,  diorites,  tonalites,  and  granites.  The  most  acid  rock  consists  of  quarts  m 
orthoclase,  which  may  represent  the  mother  liquor  after  the  other  constituents 
had  separated  out.  Mr.  Teall  concludes  that  pro^;ressive  consolidation  of  one 
reservoir  gives  rise  to  the  formation  of  magmas  of  mcreasing  acidity,  and  benoe 
that  basic  rocks  should  precede  the  acid  rocks.  This  theory  of  magmatic  differen- 
tiation— so  strenuously  advocated  by  Brogger,  Vogt,  RcMBenbusch,  Iddings,  Teall, 
and  others^ — was  first  applied  to  iJie  interpretation  of  varied  types  of  j^utonic 
masses  in  Scotland  by  Mr.  Teall  in  the  paper  referred  to.  Since  then  he  has 
extended  its  application  to  the  granite  masses  in  the  Silurian  tableland  of  the 
south  of  Scotland,  which  include  rocks,  ranging  froni  hyperites  at  the  one  end  to 
granitite  with  microcline,  and  aplite  veins  at  the  other/  Many  of  the  phenomena 
presented  by  the  newer  granite  masses  of  the  Eastern  Highlands  seem  to  lend 
support  to  this  theory.  These  views,  indeed,  have  permeated  the  petrobgical 
descriptions  of  the  ^anitic  protrusions  in  the  counties  of  Aberdeen  and  Argj^ 
which  have  been  given  by  Messrs.  Barrow,  Hill,  Kynaston,  and  Craig  *  in  recast 
years. 

One  of  the  remarkable  advances  in  Scottish  geology  daring  the  period  under 
review  is  the  solution  of  the  order  of  succession  and  tectomc  relations  of  the 
Silurian  rocks  of  the  south  of  Scotland  by  Professor  Lapworth.  The  history  of 
research  relating  to  that  tableland,  and  of  all  his  contributioiis  to  the  problems 

*  Summary  of  Progress  for  1899,  p.  66. 

*  Qfuirt  Journ.  Oeoh  Soc.y  vol.  xlviii.  p.  104. 

*  Armual  Beport  of  the  Oeologioal  Survey  for  1896,  p.  40 ;  see  also  *  The  Silurian 
Bocks  of  Scotland,*  Oeologioal  Survey  Memoir,  1899,  p.  607. 

*  Annual  Report  of  the  Oeologioal  Survey  for  1897,  p.  87 ;  for  1898,  pp.  25-28 ;  «« 
also  paper  on  *  Eentallenite  and  its  Relations  to  other  Igneous  Bocks  in  AigyUahiiei 
QuaH,  Journ.  OeoL  Soc,  vol.  Ivi.  p.  531. 
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connected  with  it,  hhs  been  given  in  detail  in  the  recent  volume  of  the  Qeoloffical 
Survey  on  timt  formation.  At  preeent  it  will  be  sufficient  to  refer  to  his  three 
classic  papers^  which,  in  my  opinion,  record  one  of  the  great  achievements  in 
British  geolo^.  The  first,  on  *  The  Moffat  Series,'  ^  demonstrated,  by  means  of 
the  vertical  distribution  of  the  graptolites,  the  order  of  succession  in  those  fine 
deposits  (black  shales  and  mudstones),  which  were  laid  down  near  the  verge  of 
sedimentation,  and  are  now  exposed  in  antidinul  folds  in  the  central  belt.  The 
second,  on  'The  Girvan  Succession,*^  showed  how  certain  graptolite  zones  of  the 
Moffat  shales  are  interleaved,  in  the  Girvan  refrion,  with  conglomerates,  grits, 
sandstones,  flagstones,  mudstones,  shales,  and  limestones,  charged  with  all  the 
varied  forms  of  life  found  in  shallow  seas  or  near  shore.  In  the  third,  on  *  The 
BaUantrae  Rocks  of  the  South  of  Scotland  and  their  Place  in  the  Upland 
Sequence,'^  he  indicated  the  distribution  and  variation  of  the  Moffat  terrane 
(Upper  Uandeilo  to  Upper  Llandovery)  and  of  the  Gala  terrane  (Tarannon), 
which  form  the  greater  part  of  the  uplands.  He  further  pointed  out  how  the 
rocks  and  the  fossils  vary  across  the  uplands  according  to  the  conditions  of 
depodtion.  Finally  he  proved  that  the  complicated  tectonics  of  the  Silurian 
tableland,  its  endless  overfolds,  its  endoclinal  and  exoclinal  structures,  can  be 
unravelled  by  means  of  the  graptolite  zones.  These  researches  disponed  of  the 
order  of  succession  based  on  Barrande^s  doctrine  of  Colonies,  and  established  the 
sonal  value  of  graptolites  as  an  index  of  stratigraphical  horizons.  So  complete 
was  the  zonal  method  of  mapping  adopted  by  Professor  Lapworth,  and  so  accurate 
were  his  generalisations,  that  few  modifications  have  been  made  in  his  work. 

In  the  course  of  the  re-examination  of  the  Silurian  tableland  by  the  Geological 
Survey  some  important  additions  were  made  to  our  knowledge  of  the  Silurian 
aystem  as  there  developed.  Underlying  all  the  sediments  of  the  uplands  there  is 
a  series  of  volcanic  and  plutonic  rocks  of  Arenig  age,  the  larsfest  development  of 
which  occurs  at  Ballantrae  in  Ayrshire,  where  their  igneous  character  was  recog- 
nised by  Professor  Bonney.  But  they  appear  in  the  cores  of  numerous  anticlines 
oTer  an  area  of  about  1,600  square  miles,  forming  one  of  the  most  extensive 
volcanic  areas  of  Palesozoic  age  in  the  British  Isles.  These  volcanic  rocks  are 
oTerlain  by  a  band  of  cherts  and  mudstones,  succeeded  by  black  shales  yielding 
Glenkiln  graptolites  of  Upper  Llandeilo  age.  The  cherts,  which  are  abundantly 
charged  with  Radiolaria,  implying  oceanic  conditions  of  deposition,  are  about 
70  feet  thick,  and  have  been  traced  over  an  area  of  about  2,000  square  miles. 
The  deposition  of  the  Radiolarian  ooze  must  have  occupied  a  long  lapse  of  time. 
Indeed  the  cherts  and  mudstones  represent  the  strata  which,  in  other  regions,  form 
the  Upper  Arenig  and  Lower  Llandeilo  divisions  of  the  Silurian  system.  They 
funusn  interesting  evidence  of  the  oceanic  conditbns  which  here  prevailed  in 
early  Silurian  time,  and  form  a  natural  sequel  to  Professor  Lapworth  s  researches 
bearing  on  the  graptolitic  deposits  of  the  Upper  Llandeilo  period,  which  must  have 
been  laid  down  on  the  sea-floor  near  the  limit  of  the  land-derived  sediment. 

Of  special  interest  is  the  new  fish  fauna  found  by  the  Geological  Survey  in  the 
I^udlow  and  Downtonian  rocks  between  Lesmahagow  and  Muirkirk,  which  the 
researches  of  Dr.  Traquair  have  shown  to  be  of  great  biological  and  paUeonto- 
logical  value.**  This  discovery  has  enabled  him  to  give  a  new  classification  of  the 
0»traoodermi,  to  enlarge  the  order  of  the  Heterostracij  which  now  includes  four 
families,  instead  of  the  PteraspicUe  alone.  He  has  further  shown  that  the 
CcsiolepicUeliweie  not  Cestraciont  sharks  to  which  the  Onchm  spines  belonged  but 
Meterostraciy  though  probably  of  Elasmobranch  origin,  judging  from  the  shagreen- 
like  scales.  The  UcBloleptda  are  common  fishes  in  the  Ludlow  and  Downtonian 
rocks  of  Lanarkshire.  The  genus,  Thelodus^  first  described  by  Agassiz  from 
detached  scales  in  the  Ludlow  bone-bed,  and  subseauenUy  figured  and  described 
by  Pander  and  Rohon  from  scales  in  the  Upper  Silurian  rodcs  of  Oesel,  is  here 
represented  for  the  first  time  by  nearly  complete  forms.  But  it  is  remarkable  that 
DO  Onehu8  spines,  nor  any  Pteraspida,  nor  CephaUupida  have  been  found  in  the 

*  Quart.  Jaum,  Geol,  8oe.,  vol.  xxxiv.  p.  240.  *  Ibid.,  vol.  xxxviU.  p.  5.37. 

*  Oeok  Mag^  Dec.  3,  vol.  vi.  p.  20.       «  Trant.  Boy,  Soo.  Edin.^  vol.  xxxix.  p.  827. 
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Lanarkshire  strata,  the  nearest  related  senus  to  CephalaspU  being  AteUcupU^ 
which,  howevery  represents  a  distinct  family. 

The  ffroup  of  sandstones,  oonglomerateb,  shales,  and  mudstonee  that  form  llie 
passage-beds  between  the  Ludlow  rocks  and  the  Lower  Old  Red  Sandstone  in 
Lanarkshire  are  now  regarded  as  the  eqnivalents  of  the  Downtonian  strata  in 
Shropdiire,  and  are  linked  with  the  Silurian  sjrstem.  The  mudstones  of  thk 
group,  containing  the  new  fish  fauna,  likewise  yield  ostraoods,  phyllocarid  crus- 
taceans, and  enr3rpterids— forms  which  connect  these  beds  with  the  underlying 
Ludlow  rocks.  The  band  of  greywacke-conglomerate,  that  extends  from  the 
Pentland  Hills  into  Ayrshire,  composed  largely  of  pebbles  derived  from  the 
Silurian  tableland,  is  now  taken  as  the  base  line  of  the  Lower  Old  Red  Sandstone 
on  the  south  side  of  the  ^eat  midland  valley  of  Scotland. 

The  period  under  review  has  been  marked  by  important  additions  to  our  know- 
ledge of  the  Old  Red  Sandstone  formation.  In  1878  appeared  a  valuable  mono- 
graph by  Sir  Archibald  Geikie  (m  '  The  Old  Red  Sandstone  of  Western  Europe,'  * 
by  far  the  most  important  treatise  on  this  subject  since  the  publication  of  Hu^ 
Miller's  classic  worK  published  in  1841.  Followii^  up  the  view  maintained  by 
Fleming,  Godwin-Austen,  and  Ramsay,  that  the  deposits  of  this  formaticm  were 
laid  down  in  lakes  or  inland  seas,  he  defined  the  geographical  areas  of  the  yarious 
basins  in  the  British  area,  giving  to  each  a  local  name.  He  gave  an  outline  of  the 
development  of  the  rocks  north  of  the  Grampians,  in  Caithness,  Orkney,  and 
Shetland.  He  advanced  an  ingenious  argument  in  favour  of  correlating  the 
Caithness  flagstone  series  (middle  division,  Murchison)  with  the  Lower  Old  Red 
Sandstone  south  of  the  Grampians.  He  contended  that '  the  admitted  palaeonto- 
logical  distinctions  between  the  two  areas  are  probably  not  greater  than  the 
striking  lithological  differences  between  the  strata  would  account  for,  or  than  the 
contrast  between  the  ichthyio  faunas  of  adjacent  but  disconnected  water  badnsmt 
the  present  time.'  Sir  A.  Geikie  further  gave  a  table  showing  the  vertieal  range 
of  the  known  fossils  of  the  Caithness  series  from  data  partly  supplied  by  the  late 
Mr.  C.  Peach. 

During  the  last  auarter  of  a  century  Dr.  Traouair  has  made  a  special  study  of 
the  ichUiyology  of  tne  Old  Red  Sandstone  and  Carboniferous  strata  of  Scotland, 
which  has  enabled  him  to  throw  much  light  on  the  distribution  of  fossil  fi^ee  in 
these  rocks  and  on  their  value  for  the  purpose  of  correlation.  His  reeearehea 
show  that  the  fish  fauna  of  the  formation  south  of  the  Grampians  resembles  that 
of  the  Lower  Old  Red  Sandstone  of  the  West  of  England  and  adjoining  part  of 
Wales  in  the  abundance  of  specimens  of  CephahimiSf  the  common  speciee  in 
Forfarshire  (C  Lydli,  Ag.)  being  also  indistinguishable  from  that  in  the  Hereford- 
shire beds.  Pteraspis  occurs  in  both  regions,  though  of  diflbrent  species.  Of 
Acanthodians  Parexus  recunmSf  Ag.,  occurs  in  both,  together  with  Climatim 
(C\  omatusj  Ag.).  The  abundance  of  Cephaiaspis  (C,  CampbelUonensis,  Whit., 
C  Jexif  Traq.)  and  of  Climatius  spines  is  characteristio  of  me  Lower  Devoiiian 
rocks  of  Canada. 

The  Old  Red  Sandstone  of  Lome  has  recently  yielded  organic  remains,  akin  to 
tliose  found  in  Forfarshire,  south  of  the  Gram^nans,  viz.,  Cephaiaspis  Larnemsis 
(Traq.),  two  species  of  myriapods  (Campecaris  For/arensu  and  a  species  of 
Are^desmitsy^ 

In  the  deposits  of  Lake  Orcadie,  north  of  the  Grampians^  quite  a  different  fish 
fauna  from  that  of  Forfarshire  appears.  Dr.  Traquair  has  noted  that  iJ^ere  aie  no 
species  common  to  the  two  areas,  and  only  two  genera,  viz.,  Jlfesacantktts  and 
Vephalaspis,  The  latter  genus  is,  however,  represented  in  Caithness  only  hj  a 
mngle  specimen  of  a  species  (0.  magnifica,  Traq.)  difierent  from  any  fooBd  efsa- 
where.  It  might  here  be  observed  that  Cephaiaspis  is  represented  alaa  in  the 
Upper  Devonian  rocks  of  Canada  by  a  smgle  speeimen  of  a  peculiar  speeias 
(C\  laticepsj  Traq.),  and  hence  Dr.  Traquair  has  shown  that,  though  Oephakupkm 
most  abundant  in  the  Lower  Devonian,  it  extends  also  into  the  upper  dtviaion  of 

>  Trans,  Boy,  8po„  Edin.,  vol.  xzviii.  p.  846. 

'  Summary  of  Pirogre$s,\Geologi&<U  Sirpsy,  1887,  p*  83^ 
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that  ajfltem.  It  further  appean  that  Otteolepida  {(kteolepisy  Dipiopterua)^ 
HhizodontttUe  (Tri&tiehopterusj  Gt^rcptychius),  Hohptyekiidte  (Ofytolepia), 
AsterolepicUs  {PUrichthy$^  Microbrachiue),  CtenodonitdtB  (Jbipterua)  are  ahundant 
in  the  Orcadian  fauna,  none  of  which  has  occurred  in  the  I^wer  Old  Bed  Sand- 
stone oi  Forfiurahire,  the  West  of  England,  or  in  the  Lower  Devonian  rocks  of 
Canada.  Dr.  Traquair  recognised,  however,  the  identity  of  the  fishes  from  the 
well-known  fish  hand  in  the  basin  of  the  Moray  Firth  with  those  brought  from  the 
westpart  of  Orimey,  though  these  forms  did  not  quite  agree  with  the  fossils  from 
the  Tnnrso  district.  He  suhseauently  found  that  the  fish  fauna  from  theOioadian 
beds  in  the  Moiay  Fbrth  basin  is  represented  in  Caithness  by  that  of  Achanairas ; 
and,  further,  that  two  other  fiiunas  occur  in  the  Caithness  area — that  of  Thurso 
and  that  of  John  o'  Ghroats  as  given  below : — 

John  o»  Gloats       •        ,        .     (    ^^««^*«ZaJia  Egert. 

r    Coeoottmu  minor,  H.  Miller. 
Thurso  ••«.,]    Thursius  pholidotus,  Traq. 

I    OtteolepU  fnicrolepidotnSf  Pander. 
Pterichthys,  3  species. 
Achanarras    .        .        -        .     ^    CJieirolepii  TreUlli,  Ag. 


{ 


Osteolepis  vincroUpidoUis,  Ag. 


In  1898  appeared  an  important  paper  by  Dr.  Flett  on  *  The  Old  Red  Sandstone 
of  the  Orkneys,'  ^  in  which  he  described  the  results  of  his  detailed  examination  of 
the  islands.  He  proved  the  existence  there  of  three  fish  faunas,  and  their 
correspondence  with  those  identified  in  Caithness  by  Dr.  Traquair.  From  the 
evidence  in  the  field  he  adopted  the  following  order  ot  succession  and  correlation 
of  the  strata:— 

3.  Eday  Sandstooes  and  John  o'  Groats  beds. 

2.  Rousay  and  Thurso  beds. 

1.  Stromness,  Achanarras,  and  Cromarty  beds. 

A  further  important  result  of  Dr.  Flett's  researches  in  the  Old  Red  Sandstone 
of  these  northern  isles  was  communicated  to  the  Royal  Society  of  Edinburgh  this 
year.  He  has  found  in  the  Shetland  beds,  which  had  previously  yielded  no  fossils 
save  plants,  fragments,  identified  by  Dr.  Traquair  as  Holonema,  a  fish  new  to 
Britam,  but  occurring  in  the  Chemung  group  of  North  America,  the  subdivision 
of  the  Upjser  Devonian  that  immediately  underlies  the  Catskill  red  sandstones, 
with  remains  of  HoloptycMus.  Dr.  Traquair  has  also  recognised  in  Dr.  Flett's 
collection  fragments  of  ABterolepis,  a  genus  characteristic  of  the  Upper  Old  Red 
Sandstone,  and  which,  as  proved  by  Dr.  Flett,  occurs  in  the '  Thurso  oeds '  of  the 
Orkneys.  The  interest  attaching  to  this  discovery  is  very  great,  for  Dr.  Flett 
contends  that  it  indicates  a  fourth  life-zone  in  the  Orcadian  series,  and,  further, 
that  it  tends  to  span  the  break  between  the  Orcadian  division  and  Upper  Old  Red 
Sandstone. 

In  the  Upper  Old  Red  Sandstone  on  the  south  side  of  the  Moray  Firth,  Dr. 
Traquair  recognised  two  life-zones,  and  subsequently,  with  the  assistance  of 
Mr.  Taylor,  Lhanbryde,  a  third  ;  in  Ae  following  order.  The  lowest  is  that  of  the 
Nairn  sandstones  with  Asterolqns  maxima  (Ag.) ;  the  second,  that  of  Alves  and 
Scaat  Craig  with  Bothriolepia  major  (Ag.),  Psammoateus  Tayhri  (Traq.) ;  and  the 
highest  that  of  Rosebrae,  the  fauna  of  which,  according  to  Dr.  IVaquair,  has  a 
striking  resemblance  to  the  assemblage  in  the  Dura  Den  Sandstones  in  Fife. 

Before  1876  all  the  Carboniferous  areas  in  the  great  midland  valley  of  Scotland 
had  been  mapped  by  the  Geological  Survey.  The  extent  and  structural  relations 
of  the  various  coal-fields  were  determined  according  to  the  information  then 
available,  and  shown  in  the  nublished  maps.  But  the  rapid  development  of  certain 
fields  in  the  east  of  Scotlana  necessitated  a  revision  of  them  which  has  lately  been 
done.    The  Fife  coal-field  has  been  re-examined  by  Sir  A.  Geikie,  Mr.  Peadi,  and 

^  Trant,  Bay,  8oe,  Edin.yyo\.  xxxix.  p.  38d. 
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Mr.  Wilson,  and  the  oil-shale  fields  in  the  Lothiana  have  been  mapped  by 
Mr.  CadelL  An  important  memoir  by  Sir  A.  GJeikid  on  <  The  Oeology  of  Osntitl 
and  Western  Fife  and  Kinross  *  has  just  been  issued  bv  the  Geologiod  Surrey,  in 
which  the  structure  of  these  coal-fields  is  described.'  Mr.  Cadelf  lately  gave  an 
account  of  the  geological  structure  of  the  oil-shale  fields  in  his  presidratuu  addren 
to  the  Edinbuigh  Geological  Society. 

Within  the  period  under  review  detailed  researches  of  great  importance  on  the 
fossil  fiora  of  British  Carboniferous  rocks  have  been  carried  out  1^  Mr.  Eidston, 
to  which  reference  ou^ht  to  be  made.  The  results  are  of  the  hignest  raloe  for 
correlating  the  strata  m  different  areas.  ^  By  means  of  the  plants  he  arran^  the 
Carboniferous  rocks  of  Scotland  in  two  gpeat  diyisiona :  a  lower,  oomprinng  the 
Calciferous  Sandstone  and  Carboniferous  Limestone  series ;  and  an  upper,  indudiitf 
the  Millstone  Grit  and  the  Coal-measures,  there  being  a  marked  paiieontologicfu 
break  at  the  base  of  the  Millstone  Grit.  He  shows  that  the  upper  and  lower 
divisions  of  the  system,  not  only  in  Scotland  but  in  Britidn,  are  characterised  by  a 
different  series  of  plants,  not  one  species  passing  from  the  lower  division— save  in 
the  case  of  Sttgmaria  —into  the  upper.  From  his  researches  it  appears  that,  among 
ferns,  Neuropteris  is  all  but  unknown  in  the  lower  divisbn,  wheroas  in  the  upper 
it  is  very  abundant  The  Sphenopterids  are  proportionately  conunon  in  both 
divisions;  but  those  of  the  lower  are  usually  characterised  by  cuneate  segments, 
while  those  of  the  upper  have  generally  rounded  pinnules.  Aletkoptem,  so 
common  throughout  the  whole  of  the  upper  series,  is  entirely  absent  firom  the 
lower.  The  genus  Calamites,  which  b  extremely  plentiful  in  the  upper,  is  almoit 
entirely  absent  from  the  lower  division,  where  its  place  is  taken  by  AMterooalamUL 
The  (hrdtdtea  are  also  rare  below  the  Millstone  Grit,  though  very  plentiful  aboTS 
that  horizon.  SigiUaria^  so  rare  in  the  Lower  Carboniferous  rocks,  is  extremely 
abundant  in  the  upper  division,  and  particularly  in  the  middle  Coal-measures.  In 
short,  Mr.  Kidston  concludes  that  the  floras  of  the  two  main  divisions  of  the 
Carboniferous  system,  though  belonging  to  the  same  types,  are  absolutely  distinct 
in  species,  and  in  the  relative  importance  of  the  genera. 

By  means  of  the  fossil  plants  Mr.  Kidston  correlates  the  Coal-measures  of 
Scotland  underlying  the  red  sandstones  with  the  lower  division  of  Uie  Oosl- 
measures  of  England,  and  the  overlying  red  sandstones  of  Fife  with  the  middle 
division  of  the  English  Coal-measures. 

It  is  remarkable  that  the  evidence  supplied  by  the  fossil  fishes  has  led 
Dr.  Traquair  independently  to  a  simiUr  conclusion.  He  holds  that  fossil  ichthyo- 
logy proves  the  existence  of  only  two  great  life-zones  in  the  Carboniferous  rodn 
of  Central  Scotland — an  upper  and  a  lower — the  boundary  line  between  the  two 
being  drawn  at  the  base  of  the  Millstone  Grit.  The  ScottiMi  Carboniferous  rocks, 
being  mostly  estuarine,  give  an  opportunity  of  comparing  the  estuaiine  fishes  of 
both  divisions.  He  finds  the  Coal-measure  fishes  of  Scotland  to  be  the  same  as 
those  in  the  English  Coal-measures,  while  those  occurring  below  the  BiGllstone 
Grit  in  Scotland  are  moslly  different  in  species,  and  often,  too,  in  genera,  from  the 
forms  above  that  horizon. 

Of  special  interest  as  bearing  on  the  former  extension  of  this  system  in  Soot- 
land  is  toe  discovery  made  by  Professor  Judd^  in  1877  of  a  patch  of  Qirboniferoos 
sandstones  and  shales,  with  well-preserved  plant  remains  in  Morven.  Another 
small  outlier  of  this  formation  has  recently  been  found  in  the  Pass  of  Brander  by 
the  G^logical  Survey.' 

The  reptiles  from  the  Elgin  sandstones,  recentlv  described  by  Mr.  E.  T.  Newton,* 
add  firesh  mterest  to  the  study  of  these  rocks.  !rhe  structural  relations  of  thees 
sandstones  have  been  fully  treated  by  Professor  Judd  in  his  great  paper  on  the 
Secondaiy  Rocks  on  the  east  of  Scotland,^  and  again  in  his  presidential  addre« 

^  *  On  the  Various  Divisions  of  British  Carboniferous  Rocks  as  determined  by  their 
Fossil  Flora,'  Proo,  Roy,  Phyt,  Soe.  Edin,,  vol.  xii.  p.  188  (1898). 
>  Qnart.  Jawm.  Oeol.  8oe.,  vol.  xxxiv.  p.  685. 

*  Summary  qf  Progreu,  Oeologieal  Survey,  1898,  p.  129. 

♦  Phil,  Tram.,  vol.  olxxxiv.  p.  431  (1893) ;  tWrf.,  vol.  dxxxv.  p.  573  (1894). 
»  Qttwrt,  Joum,  6feoL  Soc.,  vol.  xxlx.  p.  98. 
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to  this  Section  at  Aberdeen,'  who  conilrmed  Huxley's  weU-known  eonelation  of 
theae  beds  with  the  Trias.  The  Dicjnodont  skull,  identified  by  Professor  Judd 
and  Dr.  l^raquair  at  the  Aberdeen  meeting  of  the  British  Association  in  1885,  and 
other  remains  found  in  the  reptilian  sandstones  in  Cutties  Hillock  Quarrj,  where 
they  rest  on  Upper  Old  Red  Sandstone  with  Holaptychius,  haye  been  described  by 
Mr.  Newton.  He  confirmed  their  afiinity  with  IMcynodonts,  thoogh  they  were 
referred  to  the  genera  Qordonia  and  OeiMa,  But  the  most  remarkable  specimen 
was  the  skull  named  by  Mr.  Newton  Elginia  mirabUis.  This  extraoidinarr 
creature,  with  a  pair  of  horns  projecting  like  those  of  a  short-homed  ox,  and  with 
smaller  spines  and  bosses,  numDering  thirty-nine,  is  related  to  the  great  Fcareio' 
satwus  from  the  Karoo  beds  of  South  A^ca.  Two  other  reptiles  are  described  by 
Mr.  NewtoD  from  this  quarry,  namely,  a  small  crocodile-like  animal,  JBrpettmtehus 
(?rara<t— apparently  nearly  allied  to  Stagonolepis — and  Omithoiuchu  Wood' 
wardif  which  is  probably  a  small  Binosaiurian. 

Mr.  Newton  has  raised  an  interesting  point  in  connection  with  his  researches. 
He  calls  attention  to  the  fact  that  the  reptilian  remains  from  the  Cutties  Hillock 
Quarry  difiTer  from  those  found  at  other  localities  in  the  Elgin  district.  For 
example,  the  Lossiemouth  sandstones  haTe  yielded  Stagonolepis,  Hyperodapedcn^ 
and  TeUr^eton ;  and  the  Cutties  Hillock  sandstones,  the  Dicynodonta  (Qordonia 
and  Geikui)f  the  homed  reptile  {Elginia),  the  small  crocodile-like  ErpetontchuSt 
and  the  little  Dinosaurian  Ornitho$uchus.  Does  this  distribution  indicate 
different  stratigraphical  horizons  P  is  rirtually  the  point  raised  b;^  Mr.  Newton. 
In  connection  with  this  inquiry  he  cites  the  eridence  obtained  in  other 
countries.  Thus,  in  the  Gondwana  beds  of  India,  the  series  of  reptiles  similar  to 
those  of  Elgin  occur  at  diderent  localities  and  on  different  stratigraphical 
horizons ;  Dicynodonts  and  Labgrinthodonts  being  found  in  the  lower  Panchet 
rocks,  while  Hyperodapedon  and  Parasuchus  (allied  to  StagotMlepis)  are  met  with 
in  the  higher  Kota^-Maleri  beds.  Again  in  the  Karoo  beds  of  South  Africa  the 
Vicuncdonts  and  the  great  Fareiasaunis — the  latter  being  the  nearest  known  ally 
of  the  homed  reptile  {Elginia  mirabiUs)  from  Cutties  Hnlock,  Elffin — occur  low 
down  in  that  formation.  Further  light  is  thrown  on  the  question  by  the  interest- 
ing discoveries  of  Amalitzky  in  Northern  Russia,  where  a  number  of  reptilian 
remains  have  been  found  closely  allied  to  PareiasaurnSy  Elginia^  and  Dicgnodon,  in 
beds,  whidi  are  referred  to  the  Permian  formation  and  accompanied  by  plants  and 
mollusca  which  seemingly  confirm  this  reference.^ 

In  view  of  these  K>reign  discoTeries  Mr.  Newton  concludes  that  the  Elgin 
sandstones  may  probably  represent  more  than  one  reptilian  horizon,  and  that  we 
are  confh>nted  with  the  possibility  of  their  hang  of  Permian  sge. 

The  difficulty  of  drawing  a  boundary  line  between  the  Trias  and  the  Upper 
Old  Red  Sandstone  of  Elgin,  which  impressed  the  mind  of  the  late  Dr.  Gordon,  has 
had  to  be  faced  elsewhere  in  Scotland.  In  Arran,  my  colleague  Mr.  Gunn  has 
shown  that  the  Trias  there  rests  on  the  Upper  Old  R^  Sandstone,  both  forma- 
tions having  a  similar  inclination.  Even  he,  with  his  ripe  experience,  has  had 
great  difficulty  in  drawing  a  boundary  between  them  on  the  west  side  of  the 
island ;  but  when  the  base  line  of  the  Trias  is  traced  eastwards  to  Brodick  it  passes 
transffressively  on  to  Carboniferous  rocks. 

Cn  special  importance  is  the  recent  discovery  in  Arran  of  the  fossils  of  the 
Avictda^contorta  zone^  by  Mr.  Macconochie,  of  the  Geological  Surrey,  to  whose 
skill  as  a  fossil  collector  Scottish  geobgy  owes  much.  AVith  these,  occur 
Lower  Liassic  fossils,  in  sediments  which  are  not  now  found  in  place  in  the  i^nd. 
These  fossiliferous  patches  are  associated  with  fhigmental  volcanic  materials 
filling  a  great  vent,  the  a^  of  which  will  be  referred  to  presently.  This  dis- 
covery has  fixed  the  Triassic  age  of  the  red  sandstones  and  marls  in  the  south  of 
Arran.    The  detailed  mapping  of  the  island  by  Mr.  Gunn  has  demonstrated  that 

*  Bep.  BHt.  Asioe.  for  1885,  p.  994. 

<  T.  Amalitzky,  Sur  let  fouiUea  de  1899  de  dibrii  de  vertSbrSi  dan$  le$  dep^ 
Permieni  de  la  Rustie  du  nord,    Varsovie,  1900. 

*  BwMHo/ry  qf  Progreti^  6hological  Survey^  1899,  p.  188. 
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the  TriAflsie  aancUtonee  re^t  partly  on  the  Old  Red  Sandatone^  parilj  on  ^e  df 
hooiferous  Limestone  Series  and  partly  on  the  Coal-measures. 

In  1878  appeared  the  third  oi  iWessor  Judd's  great  papers  on  the  Seoondsiy 
Hooks  of  Soouand,  wherein  he  unraTelled  the  history  of  these  strata  as  devdoped 
in  the  east  of  Scotland  and  in  the  West  Highlands.  His  admirable  researehes,  in 
continuation  of  the  work  done  by  Bryce,  Tate,  and  others  embraced  the  identifica- 
tion of  the  life-zoneSy  their  correlation  yvith  those  of  other  regions^  the  history  of 
the  physical  conditions  which  nreyailed  in  Scotland  during  Mesozoic  time,  and  the 
woraing  out  of  the  structural  relations  of  the  strata.^  He  showed  that  their 
preseryation  on  the  east  of  Scotland  was  due  to  the  existence  of  great  faults,  and 
those  in  the  West  Highlands  to  the  copious  outpouring  of  the  Tertiary  layas.  He 
was  the  iirst  to  detect  the  occurrence  of  Cretaceous  rooks  in  the  West  Highlands 
and  to  show  the  marked  unconformability  which  separates  them  from  the  JuraaBic 
strata.  His  main  life-zones  and  his  main  conclusions  regarding  the  SecoDdaiy 
Kocks  of  Scotland  haye  so  far  been  confirmed  by  the  detailed  mapping  of  the 
C^logical  Suryey.  An  interesting  addition  to  our  knowledge  of  these  rocks  was 
made  by  my  colleague,  Mr.  Woodward,  in  the  course  of  his  field  work,  who  found 
the  oolitic  iron  ore  in  the  Middle  lias  of  Baasay,  the  position  of  which  corresponds 
approximately  with  that  of  the  Cleyeland  ironstone.' 

The  extensiye  plateau  of  Tertiary  yolcsnic  rocks  in  the  Inner  Hebrides  has  been 
a  fayourite  field  of  research  oyer  since  the  time  of  Macculloch,  the  great  pioneer 
in  West  Highland  geology.  During  the  period  under  reyiew  much  work  has  been 
done  in  that  domain.  According  to  Professor  Jndd,  that  region  contains  the 
relics  of  fiye  great  extinct  yolcanoes  and  seyeral  minor  cones,  indicating  three 
periods  of  igneous  actiyity.  The  first  was  characterised  by  the  discharge  of  acid 
myas  and  eSttea,  the  molten  material  consolidating  down  below  as  granite ;  the 
second  by  the  outburst  of  basic  layas,  now  forming  the  basaltic  plateau,  connected 
with  de^^-seated  masses  that  appear  now  as  gabbro  and  dolerite ;  the  third  by  the 
appearance  of  sporadic  cones,  from  which  issued  minor  streams  of  laya.' 

In  1888  Sir  A.  Geikie  communicated  his  elaborate  monograph  on  the  history 
of  Twrtiary  yolcanic  action  in  Britain  to  the  Rojral  Society  of  l^dinburgh,*  which 
has  been  incorporated,  with  fuller  details,  in  his  recent  work  on  *  The  Ancient 
Volcanoes  of  Great  Britain.'  His  main  condusions  may  thus  be  briefly  stated : 
1.  The  great  basaltic  plateaux  did  not  emanate  from  central  yolcanoes,  but  are 
probably  due  to  fissure  eruptions;  2,  the  basaltic  layas  were  subsequently 
pierced  by  laccolitic  masses  of  gabbro,  which  produced  a  certain  amount  of  contact 
alteration  on  the  peviously  erupted  layas ;  3,  the  protrusion  of  masses  of  grano- 
phyre  and  other  acid  materials  by  means  of  which  the  basic  rocks  were  disrupted. 
*  During  the  last  six  years  Mr.  Harker  has  been  engaged  in  mapping  the  central 
part  of  the  isle  of  Skye,  and  in  the  petrographical  study  of  the  rocks,  the  results 
of  which  haye  been  summarised  in  the  annual  reports  of  the  Geological  Suryey.  Ab 
regards  the  basaltic  layas,  he  finds  that  while  they  haye  been  of  yast  extent  the 
indiyidual  flows  haye  been  of  feeble  yolume,  and  show  no  eyident  relation  to 
definite  centres  of  eruption.  There  were  two  local  episodes,  howeyer,  wldch  took 
the  form  of  central  eruptions :  one  represented  by  a  number  of  explosiye  outbursts 
at  certain  points ;  the  other,  in  the  basalt  succession,  gaye  rise  to  rhyolitic  rocks. 

Mr.  Harker  further  finds  that  the  succeeding  plutonic  phase  of  actiyity,  confined 
in  Skye  to  what  is  now  the  central  mountain  tract,  is  represented  by  tm^  groups 
of  plutonic  intrusions,  in  the  followinp^  order :  peridotites,  gabbros,  and  granites. 
The  metamorphism  set  up  in  the  basaltic  layas  near  the  lar^  plutonic  masses  pre- 
sents points  of  interest,  especially  the  widespread  formation  of  new  lime-soda^ 
felspars  from  the  zeolites  in  the  laxaH. 

After  the  intrusion  of  the  granite  of  the  Red  HiUs,  Mr.  Harker  finds  that 
igneous  actiyity  took  the  form  of  intrusions  of  smaller  yolume,  but  in  some  < 

*  Quart,  Jowm.  Geol.  Soc.j  vol.  xxix.  p.  97,  yol.  xxxiy.  p.  660. 
«  OmI  Mag,,  Dec.  8.  yol.  x.  p.  493  (1898). 
■  Quart.  Joum.  Geol.  Soc,  vol.  xxx.  p.  220. 

*  Trmt.  Umf.  Soc,  Ediiu,  yol.  xxxv.,  part  2,  p.  23. 
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of  wide  diatribution.  The  great  ^up  of  dolerite  aiUs  belongs  to  this  period.  An 
enormous  number  of  acid  and  basic  dykes  followed,  of  several  distinct  epochs.  A 
set  of  minor  basic  intrusions  of  quite  late  date  is  found  in  the  gabbro  district  of  the 
GoiUins,  the  most  interesting  of  which  takes  the  form  of  sheets  of  dolerite,  parallel 
at  any  given  locality,  but  always  dipping  towards  the  centre  of  the  gabbro  area. 
Mr.  Harker  considers  that  this  remarkable  system  of  injections  presents  a  new 
problem  in  the  mechanics  of  igneous  intrusion.  The  latest  phase  of  vulcanicity  in 
the  Cuillin  district  is  a  radial  group  of  peridotite  dykes.  As  regards  the  local 
group  of  ro<^  in  Central  Skye  Mr.  Harker  finds  that  the  order  of  increasing 
acidity  which  ruled  in  the  plutonic  phase  was  reversed  for  the  minor  intrusions 
which  followed. 

In  connection  with  the  great  development  of  volcanic  activity  in  the  West  of 
Scotland  in  Tertiary  time  reference  must  be  made  to  the  remarkable  volcanic  vent 
in  Arran  the  recognition  of  which  is  due  to  the  sug^;estion  of  my  friend 
Mr.  Peach.  This  volcanic  centre  covers  an  area  of  about  eight  square  miles,  and 
lies  to  the  south  of  the  granite  area  of  the  island.^  The  vent  is  now  filled  with 
volcanic  agglomerate  and  large  masses  of  sedimentary  material,  some  of  which 
have  yielded  the  Rheetic  and  Lower  Idas  fossils  already  referred  tx>,  the  whole 
being  pierced  by  acid  and  basic  igneous  rocks.  One  of  the  interesting  features 
connected  with  it  is  the  occurrence  of  fragments  of  limestone  with  the  agglomerate, 
which  has  yielded  fossils  of  the  age  of  the  chalk,  thus  proving  that  the  vent  is 
poet-Cretaceous.  There  is  thus  strong  evidence  for  referring  the  granite  mass  in 
the  north  of  the  island  and  moat  of  the  intrusive,  acid,  and  baeic  igneous  rocks  to 
the  Tertiary  period.  It  furnishes  remarkable  proof  of  the  suggestion  of  the 
Tertiary  age  of  the  Arran  granite  made  by  Sir  A.  Geikie  in  1878.'  The  story 
unfolded  by  this  discovery  is  like  a  geological  romance.  The  former  extension  of 
Khsetic  and  Lower  Lias  strata  and  of  the  chalk  in  the  basin  of  the  Cl^de,  and  the 
evidence  of  extensive  denudation  m  the  south  of  Scotland,  appeal  vividly  to  the 
imagination. 

This  outline  of  the  researches  in  the  solid  geology  of  Scotland  would  be 
incomplete  without  reference  to  tbe  i)ublication  of  Sir  A.  Qeikie*s  great  work  on 
'  The  Ancient  Volcanoes  of  Great  Britain  *  (1897^,  in  which  the  history  is  given  of 
volcanic  action  in  Scotland  from  the  earliest  geological  periods  down  to  Tertiary 
time.  To  investigators  it  has  proved  invaluable  for  reference.  Nor  can  I  omit  to 
mention  the  new  edition  of  his  volume  on  '  The  Scenery  of  Scotland/  wherein  he 
depicts  the  evolution  of  the  topography  of  the  country  with  increasing  force  and 
fasdnation.  In  this  domain  it  may  be  said  of  the  author, '  Nihil  tetigit,  quod  non 
omavit.' 

From  the  brief  and  imperfect  sketch  which  I  have  tried  to  give  of  recent 
advances  in  the  solid  geology  of  Scotland  it  will  be  admitted  that  restless  activity 
and  progress  have  been  characteristic  of  the  last  quarter  of  a  century.  But  we 
may  expect  that  the  conclusions  accepted  now  will  be  riflorously  tested  by  our 
successors,  probably  in  the  light  of  new  discoveries  and  with  more  perfect  methods 
of  research.  It  is  well  that  it  should  be  so,  for  thereby  our  branch  of  science 
advances.  Meanwhile,  as  we  look  back  on  the  phalanx  of  geologists  that  Scotland 
has  produced— to  Hutton  and  Hall,  Murchison  and  Lvell,  Hugh  Miller  and  Fleming, 
Nicol  and  Ramsay — and  reflect  on  the  services  which  they  rendered  to  geology,  we 
^ay  hope  that  this  record  of  progress  may  prove  a  fitting  sequel  to  the  labours  of 
these  illustrious  men. 

The  following  Papers  and  Report  were  read : —    • 

1.  Recent  Discoveries  in  Arra/n  Geology, 
By  William  Gunn,  of  H.M,  Geological  Survey  of  Scotland* 

In  the  last  ten  years  very  important  additions  have  been  made  to  our  know- 
ledge of  the  geology  of  Arran  both  in  the  aqueous  and  in  the  igneous  rocks  of  the 
Island. 

»  Quart.  Jonm,  Geol,  Soc,  vol.  Ivii.  p.  2$6  (1901). 
»  7ran#.  Ge^l  Soo.  Edin.,  vol.  ii.  p.  805. 
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Among  the  older  rockB  a  series  of  dark  schists  and  cherts  has  been  diaooTeied 
in  North  Glen  Sannox.  They  are  probably  of  Arenig  age,  though  no  orgaiue 
remains  hafe  been  found  in  them,  are  closely  related  to  the  rocks  of  BaUantraa  in 
Ayrshire,  and  similar  beds  occur  in  yarious  places  along  the  Highland  border 
where  they  have  been  described  by  Messrs.  Burrow  and  Glough.  In  the  isle  of 
Arran  these  rocks  are  intimately  connected  with  the  Highland  schists. 

The  Old  Bed  Sandstone  of  Arran  has  been  found  to  c<Hnpri8e  two  subdivisions, 
and  in  North  Glen  Sannox  the  upper  division  is  unconformable  on  the  lower. 
This  formation  is  not  confined  to  the  ground  north  of  the  String  road  as  generally 
supposed,  but  extends  in  places  thres  miles  to  the  south  of  that  road,  being  w^ 
developed  in  the  Clachan  Glen,  where  it  is  much  metamorphosed  by  intrusiye 
igneous  rocks.  No  fossils  h^ye  been  found  in  the  Old  Bed  Sandstone  of  Arran 
except  PsUophyUm  princeps,  specimens  of  which  have  been  obtained  from  the 
lower  division  m  Glen  Shurig. 

The  Oarboniferous  formation,  fine  sections  of  which  occur  on  the  shore  at 
Orrie  and  at  Laggan,  is  now  known  to  occupy  but  a  small  portion  of  the  area  of 
the  island.  Near  Brodick  Castle  and  in  Glen  Shurig  its  width  of  outcrop  la  not 
much  more  than  200  yards,  and  it  does  not  reach  the  western  shore,  bemg  over- 
lapped in  the  interior  by  unconformable  beds  of  New  Red  Sandstone.^  Beds 
prooably  of  Coal  Measure  age  with  characteristic  Uppor  Oarboniferous  foesila  have 
been  recognised  at  Sliddery  Water  Head,  Oorrie,  The  Cock,  and  in  yarioua  oth^ 
places,  but  these  have  no  great  thickness  and  contain  no  seams  of  coal,  lliey 
represent  apparently  the  basement  beds  of  the  Ooal  Measures. 

The  stratified  rocks  of  the  southern  part  of  the  island,  consisting  of  red  sand- 
stones, conglomerates,  and  marls,  have  been  proved  to  repose  unconformaUy  on  the 
Carboniferous  formation  and  in  places  they  contain  derived  pebbles  with  Oarboni- 
ferous fossils.  All  the  evidence  points  to  their  being  of  Triassic  age,  and  they  may 
easily  be  divided  into  two  series,  the  lower  of  which  probably  represents  the  &mter 
sandstone,  and  the  upper  the  Eeuper  marls.  These  Triassic  rocks  oocnvy  the 
whole  of  the  coast  from  Oorrie  southwards,  around  the  south  end  of  the  iaUmd,  and 
the  west  coast  up  to  Machrie  Bay,  where  they  appear  to  lie  conformably  on  the 
Old  Red  Sandstone.  They  also  form  a  small  area  in  the  north-eastern  part  of  the 
island  near  The  Cock. 

That  still  more  recent  formations  once  existed  in  the  island,  whence  they  have 
been  removed  by  denudation,  is  proved  by  the  presence  of  fragments  of  luigtic, 
Liassic,  and  Cretaceous  rocks  in  a  large  volcanic  yent  which  is  probably  of 
Tertiary  age.  These  fragments  occur  on  the  western  side  of  the  island  in  the 
district  of  Shisken,  on  the  slopes  of  Ard  Bheinn,  and  they  haye  yielded  a  con- 
siderable number  of  characteristic  fossils  which  haye  been  examined  and  deter- 
mined by  Mr.  E.  T,  Newton. 

Some  of  the  most  important  of  the  discoyeries  are  those  connected  with  the 
old  yolcanic  rocks  of  the  island. 

A  series  of  interbedded  layas  and  tnfisis  found  in  North  Glen  Sannox  associated 
with  the  schists  and  cherts  previously  mentioned.  Like  them  they  are  probably 
of  Arenig  age  and  closely  related  to  similar  rooks  at  BaHantrae  in  Ayrshire. 

Two  distinct  yolcanic  platforms  have  been  found  in  the  Old  Red  Sandstone 
of  the  island.  One  set  of  basic  lavas  is  intercalated  in  the  lower  division  on  the 
west  side  of  the  island,  and  another  occurs  in  the  upper  division  of  North  Gleik 
Sannox. 

In  addition  to  the  yolcanic  series  previously  known  in  the  Lower  Carboniferona 
rocks  two  others  have  been  tUscoyered  in  the  upper  part  of  the  formatiim. 

That  the  island  was  the  seat  of  volcanic  acti? ity  in  times  still  more  recent  is 
proved  by  the  recognition  of  a  large  yolcanic  vent  m  the  Shiskin  district,  whidi 
must  be  of  poet-Cretaceous  age,  as  shown  by  some  of  the  fragments  it  indndee. 

From  these  facte  we  conclude  that  the  island  has  been  the  scene  of  voloaiiie 
action  at  no  less  than  seyen  different  periods. 

Much  has  also  been  learned  with  regard  to  the  distribution  and  aga  of  tlia 
yarious  intrusive  igneous  rocks.  Two  masses  of  a  somewhat  intermadifta 
character  found  in  Glen  Rode  and  in  Glen  Sannox  are  probably  of  Old  Bad  Saad* 
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Btone  age,  but  nearly  the  whole  of  the  varied  iprneous  rocks  of  the  island  must 
now  be  anigned  to  the  Tertiary  period,  not  excepting  the  well-known  granite  mass 
of  the  northern  part  of  the  idand.  The  finer  granite  which  occupies  the  interior 
of  the  nucleus  has  a  tortuous  boundary.    It  is  clearly  intrusive  in  the  coarse 

Sinite  which  surrounds  it,  but  both  belong  practically  to  the  same  period,  as  they 
▼e  one  and  the  same  system  of  jointing. 

The  ring  of  granite,  ^n^anophyre,  and  quartz  diorite  which  surrounds  the  large 
volcanic  vent  was  previously  little  known,  and  the  other  numerous  and  varied 
intrusive  masses,  both  acid  and  basic,  which  occur  in  the  idand  were  but  poorly 
represented  on  existing  maps. 


2.  On  Variation  in  the  Strata  in  the  Eaetem  Highlcmdi, 
By  Gborgb  Barrow,  H.M,  Geological  Sv/rvey. 

[Communicated  by  permission  of  the  Director  of  the  (Geological  Survey.] 

In  mapping  the  group  of  rocks  associated  with  the  well-known  Quartzite  and 
Limestone  m  the  Eastern  Highlands,  it  has  been  found  that  there  is  an  incessant 
variation  in  the  lithological  characters  of  the  group,  which  is  sometimes  abrupt. 
Detailed  examination  has  shown  that  throughout  that  belt  the  same  type  of 
section  or  succession  reappears  after  pas^ng  a  number  of  variations. 

The  phenomena  are  supposed  by  the  author  to  be  due  to  the  strata  ha^dng 
been  deposited  by  numerous  branches  of  a  large  river  flowing  through  a  delta. 
Each  branch,  by  a  natural  process  of  fanning,  deposits  sand  near  its  mouth,  and 
finer  mud  further  seawards.  Where  the  fans  of  sand  are  far  apart,  the  fine  mud 
deposited  between  them  vrill  assume  a  fairly  constant  com^sition,  because  all 
the  streams  tap  a  conmion  source  of  material  before  the  river  divides  into  branches 
in  the  delta. 

The  recurrence  of  one  particular  type  of  section,  which  is  easily  recognised  in 
the  field,  may  be  explained  by  the  supposition  that  the  materials  of  which  the  . 
strata  are  composed  were  laid  down  as  mud  or  other  fine  sediment,  which  may 
be  readily  detected  by  means  of  the  special  minerals  present,  when  the  rocks  are 
metamorphosed.  The  abruptness  of  the  changes  seen  in  the  sections  may  be  due 
to  the  intense  folding  of  the  Highland  rocks ;  for  materials  originally  some  little 
distance  apart  are  brought  into  close  proximity,  and  the  transition  which  once 
existed  is  cut  out  at  the  surface  by  the  folding. 


Z.  On  the  CryetaUine  Sehiats  of  the  Southern  Highlands,  Their  Physical 
Stmeture  and  its  Probable  Manner  of  Development.  By  Petbb 
Macnaib. 

The  area  under  notice  is  defined  as  that  lying  immediately  to  the  north-west 
of  the  great  boundary  fault  which  crosses  Scotland  from  the  Firth  of  Clyde  to 
Stonehaven.  An  account  is  then  ^iven  of  the  various  opinions  that  have  been 
held  concerning  the  structure  of  this  region  since  the  time  of  Macculloch  up  to 
the  present  day.  The  author  then  nroc^ds  to  show  that  the  schist  zones  traverse 
this  region  in  roughly  parallel  banas,  and  described  a  series  of  sections  at  right 
angles  to  the  strike  ot  the  principal  foliation  of  the  area.  The  following  is  a 
summary  of  his  conclusions  regarding  the  stratigraphy,  physical  structure,  and  the 
manner  of  its  development  in  this  part  of  the  Scottish  Highlands : — 

1.  The  sedimentary  schists  of  tiie  Highlands  proc^ing  from  the  margin 
inwards  may  be  divided  into  the  following  zones: — Lower  Argillaceous  zone. 
Lower  Arenaceous  zone.  Loch  Tay  Limestone  zone,  Gkumetiferous  Schist  zone, 
Upper  Ar^laceous  zone.  Upper  Arenaceous  zone.  Associated  with  these  are 
scnists  of  iffneous  origin.  It  is  probable  that  these  zones  are  capable  of  still 
further  subdivision,  but  this  is  not  attempted  yet. 

2.  From  an  examination  of  the  relationships  of  these  difierent  zones,  the  order 
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as  given  abovd  appears  to  be  an  aacending  one,  piooeediBg  ttom  the  maigin 
inwards,  the  well-marked  zone  known  m  the  Loch  Taj  Limestone  forming  a  sort 
of  datum  line,  from  which  one  can  recognise  the  positions  of  the  lower  and  npper 
schists. 

3.  It  is  supposed  that  the  movements  which  plicated  the  rocks  of  the  Highlands 
were  directed  nx>m  the  centre  outwards,  or  firom  the  N.W.  towwrds  the  S.E.  This 
is  shown  by  the  fact  that  where  the  bedding  can  be  traced  the  ov^ffbUfing  is 
generally  towards  the  S.E.  Also  the  foliation,  where  it  has  been  folded,  fhoes  in 
the  same  direction. 

4.  In  the  eastern  part  of  the  region  we  suppose  that  the  bedding  has  been 
folded  into  a  series  of  isoclines  facing  the  south-east,  and  that  a  foliation  has  been 
de?eloped  roughly  parallel  to  the  axes  of  the  folds  in  the  bedding,  thus  making 
the  foliation  appear  to  be  roughly  coincident  with  the  original  planes  of  stratifica- 
tion. At  Comrisi  in  Pei*thsh&e,  the  axes  of  the  isoclines  in  the  oedding  are  nearly 
vertical,  but  with  a  slight  hade  towards  the  N.W.  The  axes  of  the  isoclines  get 
gradually  lower  and  lower  as  we  proceed  towards  Loch  Tay.  In  the  same  way 
the  foliation  planes  are  nearly  vertical  along  the  frontier,  but  get  flatter  and  flatter 
as  we  proceea  northwards. 

5.  In  tracing  these  rocks  towards  the  south-west  an  increasing  crumpling  and 
folding  of  the  foliation  planes,  accompanied  by  more  intense  metamorphism,  is  seen 
to  take  place :  this  is  made  evident  in  approaching  the  shores  of  Loch  Katrine  and 
Loch  Lomond,  but  it  seems  to  have  reached  its  maximum  in  Ck>waL 

6.  In  Cowal,  along  the  Firth  of  Clyde,  the  position  of  the  foliation  planes  has 
been  reversed,  now  dipping  towards  the  south-east.  Between  the  Firth  of  Clyde 
and  Loch  Fyne  the  foliation  planes  have  been  much  crumpled,  and  still  later 
divisional  planes  have  been  developed  in  them,  this  being  a  region  of  the  most 
intense  metamorphism. 


4.  The   Granite   of  Tvlloch   Bum^  Ayrshire, 
-ffy  Professor  James  Geikie,  F.R,S.,  anrf  John  S.  Flett,  M.A.,  D.Se. 

The  ffranite  of  Tolloch  Bum,  Ajrrshire,  is  a  small  mass  occupying  an  area  of 
three  or  four  s(]uare  miles  on  the  headwaters  of  the  Irvine  and  the  Avon.  Much 
of  the  outcrop  is  covered  with  drift  and  peat,  but  good  exposures  of  the  granite  and 
the  contact  altered  rocks  can  be  obtained  in  the  Tulloch  Bum,  a  tributary  of  the 
Irvine  and  on  the  Avon.  The  prevalent  type  is  a  flesh-coloured  biotite-granite, 
which  often  contains  hornblende  and  sometimes  decomposed  augite.  This  passes 
nt  its  margins  into  rocks  of  intermediate  or  basic  composition,  which  include 
various  types  of  diorite,  hyperite,  and  gabbro.  The  evidence  points  to  the  origin 
of  these  rocks  by  a  process  of  differentiation,  and  both  in  this  respect  and  in  tiie 
rock  species  which  nave  been  developed  the  resemblance  to  the  granites  dT  the 
Southern  Uplands  is  very  close.  The  material  microscopically  examined 
includes: — Graphic  Granite  and  Granophyric  Gbanite  (in  segregation  veins); 
Biotite  Granite,  Biotite  Hornblende  Granite,  Biotite  Au^te  Granite;  Tonalite 
(intermediate  between  Hornblende  Biotite  Granite  and  Diorite) ;  Quartz  Horn- 
blende Diorite,  Quartz  Augite  Biotite  Diorite,  Quartz  Hypersthene  Diorite; 
Biotite  Augite  Diorite,  Hornblende  Diorite,  Hypersthene  Dionte ;  Hyperite  and 
Gabbro. 

This  mass  is  intrusive  into  the  Lower  Old  Red  Sandstone,  which  at  Lanfine,  a 
little  west  of  this,  has  yielded  Cephalaspis  Lyelli.  The  Old  Red  Sandstone  is 
indurated  and  often  hornfeUed  to  a  varying  distance  from  the  margin.  The  new 
minerals  developed  are  Augite,  Hornblende,  Biotit-e,  Magnetite,  Tourmaline, 
Spinel,  and  possibly  Sillimanite ;  Calcite,  Chlorite,  and  Epidote  are  often  present, 
but  appear  to  be  secondary  after  some  of  those  mentioned. 

Many  dykes  penetrate  the  sandstones,  and  most  of  these  are  undoubtedly 
apophyses  of  the  Granite.  They  are  mostly  Diorite  Porphyi*ites  or  Qioartz  Diorite 
Porphy rites,  which  may  contain  Biotite,  Augite,  Hornblende,  or  Bypersthene. 
Syenite  Porphyries  also  occur,  and  occasionally  small  veins  of  more  acid  character. 
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which  may  be  considered  coarse-grained  Granophyres.  In  addition  to  these  there 
are  seyerfli  dykes  of  Oliyine  Doleiite  and  Andesitic  Basalt^  but  these  are  not  known 
to  be  genetically  connected  with  the  Granite. 


5.  On  Crystals  dredged  from  the  Clyde  rvea/r  Hehwhurghj  urith  AncUyaeg 
by  Dr.  W.  Pollard.    By  J.  S.  Flett,  M,A.y  D.Sc. 


6.  I^ots  on  a  Fho9p?uiUic  Layer  at  the  Base  of  the  Inferior  Oolite  in  Skye 
By  Horace  B.  Woodward,  F.R.S.^  of  the  Geological  Swrvey, 
[Commanioated  by  permission  of  the  Dipector  of  the  Geological  Survey.] 

At  the  southern  end  of  the  great  cliffs  of  Ben  Tianavaig,  south  of  Portree,  in 
Skye,  the  basement  beds  of  the  Inferior  Oolite,  which  contain  large  dojrger-Iike 
masses  of  calcareous  sandstone,  rest  in  a  hollow  of  the  Upper  Lias  Shales,  owing 
to  local  and  to  a  certain  extent  contemporaneous  erosion.  Lining  this  hollow 
there  is  an  irregular  and  nodular  band,  two  or  three  inches  thick,  of  dark  brown 
oolitic  and  phosphatic  rock ;  a  fact  of  interest,  as  instances  of  local  erosion  are  often 
attended  by  the  accumulation  of  phosphatic  matter  in  beds,  nodules,  and  derived 
fossils. 

Mr.  George  Barrow,  who  made  a  rough  analysis  of  the  rock,  estimated  the 
amount  of  phosphate  of  lime  at  about  60  per  cent. ;  and  Mr.  Teall,  who  examined 
a  section  under  the  microscope,  noted,  in  addition  to  the  oolite  grains,  fragments  of 
moliuacan  shells  and  echinoaerms,  and  foraminifera,  in  a  finely  granular  matrix 
formed  of  calcite.  He  observed  that  the  central  portions  of  some  of  the  oolite 
grains  were  formed  of  a  nearly  isotropic  brown  substance  in  which  the  typical 
concentric  structure  of  the  oolite  grains  was  well  preserved.  This  substance  was 
DO  doubt  phosphatic.  

7.  Further  Note  on  the  WestUton  Beds. 
By  Horace  B.  Woodward,  F,R.S. 

In  a  paper  read  before  the  British  Association  in  1882  (printed  in  full  in 
'  GteoL  Mag.  for  1882,  p.  462)  evidence  was  brought  forward  for  regarding  the 
Westleton  Beds  of  Westleton  as  part  of  the  Middle  Glacial  division  of 
S.  y.  Wood,  jun.  Sections  examined  during  the  present  year  at  Pakefield, 
Kirklev,  and  Oulton,  near  Lowestoft,  support  the  author's  contention.  Thus 
beneath  the  Grand  Hotel  at  Eirkley  the  cun  shows  a  mass  of  shingle  (identical 
in  character  with  the  Westleton  Beds)  dovetailing  into  the  undisputed  Middle 
Glacial  sands,  which  a  little  further  south  are  overlaid  by  the  Chalky  Boulder 
Clay.  Evidence  of  a  like  character  is  to  be  obtained  near  Halesworth,  where 
the  shingle-beds  seen  south-east  of  the  railway  station  would  be  grouped  un- 
questionably with  the  Westleton  Beds,  and  also  (in  the  author's  opinion)  with 
the  shingly  beds  in  the  Middle  Glacial  sands  east  of  Oulton  station  and  at 
Kirkley. 

Attention  is  drawn  to  sections  where  a  newer  gravel  is  so  welded  on  to  the 
Middle  Glacial  gravel  as  to  appear  in  places  quite  conformable.  Similar  pheno- 
mena observed  at  the  junction  of  Cretaceous  and  Eocene  clays  in  Egypt  have 
been  aptly  referred  to  by  Mr.  H.  J.  L.  Beadnell  as  '  tmconformMe  passage-beds! 


8.  Report  on  the  Collection  and  Preservation  of  Photographs  of  Geological 
Interest. — See  Reports,  p.  339. 
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FRIDAY.  aEPTBMBER  18. 

The  following  Papers  were  read : — 

1.  Time  Intervals  in  the  Volcanic  History  of  the  Inner  Hebrides. 
By  Sir  Archibald  Geikie,  D.C.L.^  F.EJS. 


2.  The  Sequence  of  the  Tertiary  Igneous  Eruptions  in  Skye.^ 
By  Alfred  Harkbr,  M.A.^  F.G.S. 

As  regards  the  sequence  of  the  varied  succession  of  Tertiary  igneous  eruptions, 
the  isle  of  Skye  may  probably  be  taken  as  a  type  of  the  whole  British  area. 
Igneous  activity  passed  succeesiyely  through  three  phases:  the  voleame^  the 
fSutonic,  and  the  phase  of  minor  intrusions.  It  is  important  further  to  recognise 
two  parallel  series  of  eyents,  the  regional  and  the  local ;  the  former  of  very  wide 
extension,  the  latter  connected  with  certain  definite  foci,  one  of  which  was  situated 
in  Centrsl  Sfye.  The  groups  of  rocks  having  a  regional  distribution  are  all  of 
basic  composition,  but  the  local  groups  exhibit  mucm  greater  diversity.  During 
the  plutonic  phase,  when  regional  activity  was  in  abeyance,  the  successive  gnmne 
of  intrusions  at  the  Skye  centre  followed  an  order  of  increasing  acidity  (ultrabastc, 
basic,  add) ;  but  for  the  local  groups  of  the  succeeding  phase  of  minor  intmnons 
this  order  was  reversed. 

i.  On  the  Relations  of  the  Old  Red  Sandstone  of  North-west  Irdand  to 
the  adjacent  Metamorpfiic  Rocks^  and  its  similarity  to  the  Torridon 
Rocks  ^Sutherland.    By  Alex.  McHekrt  and  Jas.  R.  Kilboe« 

The  Old  Red  Sandstone  of  North-west  Ireland  has  been  affected  by  earth 
stresses  in  pre-Oarboniferous  times,  resulting  in  a  system  of  reverse  faults  and 
thrust-planes.  This  system  strikes  north  north-eastward,  and  if  continued,  as  is 
probable,  diould  be  represented  in  the  region  of  Sutherland  and  Ross.  We  sug- 
ffeet  it  is  found  in  the  great  system  of  thrusts  which  affects  the  structure  of  the 
North-west  Highlands. 

The  long-recognised  resemblance  of  the  Torridon  Rocks  in  Sutherland  to  the 
Old  Red  Sandstone,  especialljr,  as  we  hold,  to  the  Old  Red  of  Donegal,  Tyrone, 
and  Mayo — ^both  as  regards  its  general  lithological  characters,  contained  pebbles 
and  relations  to  the  underlying  metamorphic  rocks,  the  disposition  of  the  rtrata, 
their  strikmg  horizontality  in  places,  and  strong  resemblance  of  physical 
features — is  fairly  suffgestive  of  the  contemporaneity  of  the  two  groups,  a  view 
rendered  quite  possible  by  the  above-mentioned  system  of  N.N.E.  thrust-planes. 

Our  post-Old  Red  thrust-planes  are  in  places  lined  with  broken-up  debris,  in 
some  eases  strongly  resembling  conglomerates  of  deposition,  and  giving  to  the 
older  rocks  Apseudo  base,  apparently  derived  from  the  newer  rocks,  or  newor  and 
older  mingled.  This,  we  suggest,  may  be  the  case  with  the  base  of  the  Dnness 
series,  and  the  comparatively  friable  nature  of  the  sandstone  and  conglomerates 
would  admit  of  easy  movement  en  masse  of  the  lower  members  of  the  Durness 
series  in  overriding  the  Torridon  when  once  a  thrust-plane  became  initiated. 


4,  On  the  Relation  of  the  Silurian  cmd  Ordovician  Rocks  of  North-weH 
Ireland  to  the  Great  Metamorphic  Series.  By  Jas.  R.  Kilbob  cmd 
Albx.  McHenbt. 

Upper  Silurian  rocks,  as  high  as  Wenlock,  have  been  metamorphosed  akog 
the  Oroagh  Patrick  range,  which  led  to  their  inclusion  in  the  great  metamorphic 
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ouB  when  the  ground  was  originally  mapped.  The  correspoDding  rocks  of 
Genlock  age  on  the  soath  margin  of  the  Mayo  and  Galway  Silurian  basin,  near 
Killary  Harbour,  are  not  metamorphosed,  ana  rest  unconformably  upon  the  meta- 
morplnc  group. 

This  strati^phical  break  has  for  many  years  been  supposed  to  form  an 
insuperable  objection  to  the  acceptance  of  Murchison's  conjecture  that  the  meta- 
morphic  rocks  of  Galway,  Mayo,  &c.,  are  altered  representatives  of  the  Lower 
Silurian  or  Ordoyician  rocks.  This,  howeyer,  is  not  an  obstacle,  for  a  break, 
accompanied  by  oyerfolding  and  possibly  metamorphisra  of  Lower  Silurian  strata, 
has  been  proyed  to  haye  occurred  in  Llandoyery  times,  which  admitted  of  Wenlock 
or  possibly  Tarannon  beds  being  unconformable  to  unmetamorphosed  Lower 
Silurian,  as  well  as  to  the  metamorpbic  groun.  All  this  happened  prior  to  a 
second  violent  disturbance  and  overfolding  whicn  accompanied  the  metamorplusm 
of  Wenlock  strata  already  mentioned,  and  which  occurrMl  in  Ludlow  times. 

A  comparison  of  the  Lower  Silurian  series  in  the  west  of  Ireland  with  the 
metamorphic  group  of  the  same  region  and  Donegal  shows  so  strong  a  resemblance 
between  them— as  regards  the  lithological  characters  of  individual  members  in 
their  original  form,  their  order  of  succession,  and  certain  peculiar  coincidences  of 
associated  sedimentary  components,  described  in  detail  in  the  paper — that  it 
forms  a  creditMe  prima  facte  argument  for  their  correlation. 

One  instance  may  here  be  mentioned.  At  Westport  and  Achill  Beg  thick 
bands  of  fine  conglomerate,  associated  with  black  slate,  occur  as  an  integral  part 
of  the  metamorphic  group,  while  on  the  south  shore  of  Clew  Bay  thick  bands  of 
fine  conglomerate — very  similar  in  character  to  those  in  AchiU  Beg — occur  in 
association  with  black  slate,  which,  though  sufficiently  crushed  to  justify  their 
inclusion  by  the  original  surveyors  in  the  metamorphic  ground,  are  now  known 
to  be  of  Lower  Silurian  age,  identical  with  rocks  of  this  age  in  Clare  Island. 

The  chief  objection  to  ascribing  the  metamorphic  roclss  of  Mayo  and  Galway 
to  the  Lower  Suurian  age  has  been  the  present  difference  of  condition  between 
them  and  the  fossil-bearing  Lower  Silurians  of  the  adjoining  area.  This  differ- 
ence seems  to  us  explicable  by  conceiving  that  the  great  dislocation  which  occurred 
in  Llandoyery  times,  and  occasioned  an  inversion  of  strata  by  overfolding  at 
Salrock  between  the  EiUaries,  carried  unmetamorphosed  Lower  Silurian  rocks 
about  Leenane  against  and  oyer  rocks  of,  say,  the  same  age,  near  Leenane,  which 
had  undergone  metamorphism  in  connection  with  granitic  intrusions.  These  may 
be  seen  in  the  vicinity  of  Kylemore.  Unfortunately  the  great  zone  of  break  is 
now  concealed  by  newer  strata,  and  further  is  obscured  and  complicated  by  post- 
Ludlow  faults. 

5.  Ifotes  on  the  Irish  Primary  Bocks,  with  their  associated  Granitic  and 
Metamorphic  Bocks,    By  G.  H.  Kinahan,  M,BJ.A, 

In  this  communication  the  writer  points  out  that  in  previous  writings  he  has 
insisted  that  in  Ireland  there  were  no  Laurentians,  because  no  Irish  rocks  as  a  Terrane 
were  similar  to  the  original  Laurent ians.  Now,  however,  he  has  learned  that  the  late 
Dr.  G.  M.  Dawson  and  other  American  geologists  class  the  questionable  Grenville 
series,  although  in  part  eyidently  clastic  and  yolcanic,  as  Laurentian.  Conse- 
quently, if  this  is  allowed,  there  are  also  Laurentians  in  Ireland  and  Scotland. 

A  short  review  of  the  American  pre-Palseozoic  rocks  and  a  table  of  the  classi- 
fications adopted  in  the  United  States  and  in  the  Dominion  are  giyen  with  Dawson's 
reasons  for  nis  objection  to  the  former,  as  in  it  the  Animikie  and  Huronian 
are  classed  together  imder  one  title,  Algonkian,  although  there  is  a  profound  break 
between  them.  Dawson  seems  to  believe  the  Animikie  and  the  Keweenawan  are 
more  allied  to  the  Palieozoic  than  to  the  Archaean  :  in  the  latter  he  would  only 
include  the  Huronian  and  the  Laurentian. 

A  table  of  the  Palaeozoic  rocks,  similar  to  that  in  the  '  Economic  Geology  of 
Ireland,'  isgiyen  and  short  descriptions  of  the  different  strata.  Thb  is  succeeded  by 
m  general  <kscription  of  the  different  areas  of  the  Irish  pre-Palaeozoic  rocks,  more 
especially  those  of  Donegal  and  Galwov.   These  two  areas  are  subsequently  tabled 
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as  belowy  and  the  paper  is  concluded  with  a  short  discussion  on  the  right  to  eaH 
any  of  the  American,  Scottish,  or  Irish  rocks  the  great  complex. 

In  a  paper,  'A  New  Reading  of  the  Donegal  Rocks  *  (see  'Proc.  R.D.S./to1.  m 
(n.s.),  part  9,  p.  14  et  seq,)  and  in  the  *  Manual  of  the  G^eology  of  Ireland/  Hsts 
ef  the  I)onegal  and  Galway  and  Mayo  strata  are  given :  the  first  we  may  copy;  the 
second  has  to  be  modified  to  come  up  to  our  present  knowledge.  These  lists  may 
be  tabulated  for  comparison. 


Donegal. 
TerbanbNo.  I.  (Laarentian  ?) 

Granitic  gneisses,  mioalitioquartzose 
gneiss,  and  sabordiiiate  limestone. — This 
Terrane  was  invaded  by  an  albitic  granite, 
and  it  and  other  granites  are  solely  ad- 
juncts of  the  area  not  penetrating  the 
overlying  basement  great  quartzite  of 
the  Terrane  No.  III. 

Ba4e  not  vUible. 

Tebbane  No.  II.  (Huronians  or  a  new 
Terrane.) 

1.  Gneiss,  schists,  many  hornblendes, 
with  limestone  zones,  quartzitic  gneiss, 
and  garnetiferoos  limestones.  This 
Terrane  was  invaded  by  the  typical 
porphyritic  oligoclase  Donegal  granite 
^ith  its  adjunct  the  foliated  granite  or 
granitic  gneiss,  latter  by  other  granites, 
all  older  than  the  overlying  basement 
quartzites  of  Terrane  No.  III. 

Base  not  exposed. 

2.  Gregory  Hill  schist  series,  a  series 
of  various  schists  with  below  them  beds 
of  hornblende  rocks  and  one  or  two 
limestones.  In  one  place  a  fine  gneisa 
that  seems  to  be  metamorphosed  felstone. 

Base  not  ewposed. 

Profound  uncon/ormability, 
T£BBANE  No.  III.  (Eeweenawan  7) 

1.  The  basement  strata  are  the  great 
quartzite  with,  under  it  in  places,  an 
agglomerate  but  more  often  a  greenish 
rock,  often  quartzitic,  in  which  are 
scattered  widely  disseminated  rounded 
pieces  of  granite  and  gneiss  from  the 
Terrane  that  may  be  under  it  (No.  I.  or 
II.).  Limestones  or  dolomites  are  also 
found,  but  only  in  a  few  places.  The 
dolomites  are  associated  with  the 
agglomerates,  and  may  be  methalosis 
igneous  rocks. 

2.  Cranf ord  limestone,  dolomite,  and 
sericitic  series. 

3.  Lough  Keel  or  Millford  schist 
series. 

4.  KiUygarvan  volcanic  series. 

5.  Killygarvan  quartzitic  grit  series. 

6.  Lubber  volcanic  and  limestone 
series. 

7.  Bam  Hill  grit  series, 


Qalmay  and  Mayo, 
(Laurentian  ?) 

Various  gneisses,  schist  in  places; 
zones  of  homblendite.  Large  and  long 
intrudes  of  hornblende  rocks,  some  ex- 
cessively developed.  These  were  in- 
vaded by  the  Galway  type  granite  and 
its  accompanying  granitic  gneiss. 

Base  not  visible. 

Over  theiBe  a  profound  unoonfonB- 
ability. 

(Huronians  or  a  newer  Terrane.) 

The  unconformable  basement  rock 
is  a  conglomerate  exceedingly  altered, 
various  gneisses, '  schists,  and  quart- 
zitic gneisses,  with  a  few  subordinate 
limestones.  In  it  are  long  intrudes  of 
hornblende  rock,  sometimes  tremolite 
rock,  ophite,  and  elelagite.  This  Terrane 
was  invaded  by  the  Omylite  gramte^ 
which  usually  is  not  accompanied  by 
granitic  gneiss,  but  some  of  the  outlying 
long  intrudes  are,  and  in  them  i> 
immolated  the  basement  conglomerate 
On  the  rocks  of  this  Terrane  are  foand 
the  basement  great  quartzites  of 
Terrane  No.  III. 


Pr(*found  unconformahUity. 

1.  The  basement  stratum  is  a  schistose 
conglomerate  under  the  great  quartzite, 
with  which  the  conglomerate  limestone 
in  places  seems  to  be  associated. 


2.  Limestone,    ophiolite,     dolomite, 
with  schist  underneath. 

3.  Quartzite  and  micalite  series. 

4.  Streamtown  limestone  and  ophio- 
lite series. 

6.  Micalite  series. 
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Oahvof  and  Mayo. 

Probable   uncoTtformabiUty   concealed 
under  the  KiUary  and  pantry  Silwrians, 

1.  Basement  beds  unknown. 

2.  Shales,  slates,  and  grits  with,  in 
places,  Ordovician  fossils. 

3.  Massive  grits. 


JDoneyaL 

Prqfimnd  uncenformabUity, 
Tbbbaub  No.  IV.  (Oidovioian.) 

1.  Basement  stratum  mullaghsaw- 
nite,  a  firm  conglomerate,  in  part  arkose. 

2.  Baphoe  Iknestones  and  shales. 

3.  Slates  with  irregular  masses  and 
badsof  sandstones,  partly  arkose.  These 
sandstones,  sometimes  pebbly,  have  re- 
gular oblique  systems  of  joining.  Usually 
these  joints  are  so  close  together  as  to 
give  the  rocks  the  appearance  of  piles 
of  huge  books. 

4.  Shales  like  those  in  No.  1,  but 
sub-metamorphosed. 

5.  Shot  conglomerate. 

6.  Sandstones  vrith  irregular  thin  beds 
and  pantry  of  a  friable  pebbly  rock. 

7.  Dark  slate. 

The  Lough  Keel  series,  No.  3,  Terrane  III.,  is  the  upper  portion  of  the  Millford 
series,  pushed  into  its  present  position  by  an  overthrust :  it  is  separated  from  the 
Killygarvan  volcanic  stories  by  a  master  fault.  Between  the  series  4  and  6, 
Terrane  IV.  (Galway  and  Mayo),  there  may  be  an  imconformability,  and  the  shot 
conglomerate  may  be  the  equivalent  of  the  mullagb^awnite  of  the  co.  Donegal ;  a 
hteSk  here,  however,  was  not  proved.  The  only  series  in  the  Terranes  in  both 
columns,  the  age  of  which  has  been  proved  by  their  fossils,  are  those  numbered 
2,  3,  and  4  in  the  counties  Galway  and  Mayo :  these  are  the  equivalents  of  the 
Ordovician. 

Dawson  in  his  address  to  the  Geological  Section  at  Toronto  states  his  disbelief 
in  the  basement  complex,  A.  C.  Lawson,  in  his  paper  '  On  Internal  Relation  and 
Taxonomy  of  the  Archean  of  Central  Canada '  (1890),  seems  to  be  of  a  similar 
opinion ;  while  Van  Hise  in  his  writings  only  gives  a  half-hearted  consent ;  the 
writer  finds  it  hard  to  believe  in  it.  The  section  of  the  Laurentians  shown  in  the 
cliffs  of  the  Saguenay  Fiord  is  said  to  be  a  typical  one ;  and  here,  between  the 
river  St.  Lawrence  and  the  Labradorian  of  St.  John,  there  are  various  changes — 
foliated  granite,  granitic  gneiss,  felspathic  varieties,  and  quartzitic  varieties— that 
would  seem  to  suggest  that  the  rocks  were  not  one  basement  complex,  but  that 
they  had  been  supplied  from  zones  of  dbtinct  magmas  as  long  ago  suggested  by 
Delesse.  Then  we  come  to  the  Labradorians  of  St.  John.  These  in  aspect  are  most 
ancient,  the  foliation  being  extraordinary,  so  as  not  to  be  believed  in  except  seen, 
some  of  the  measiu^d  leaves  of  quartz  and  felspar  being  from  9  to  12  ft.  and 
more  long.  Yet  on  examination  this  rock  in  its  present  position  is  younger  than 
the  Laurentians,  being  intruded  and  sending  apophyses  into  it ;  but  in  its  original 
place  it  must  be  older.  If  the  Laurentian  is  the  basement  complex,  what  is  the 
age  of  the  Norian,  and  what  is  its  genesis  P  Similarly  in  Scotland  and  Ireland. 
If  the  Lewisan  or  fundamental  gneiss  is  Laiu*entian  or  basement  complex,  what  is 
the  age  of  the  granites  and  granitic  gneiss  with  their  apophyses  P  Then  there  is 
the  'Old  Bay'  of  Scotland,  called  hornblende  rocks  in  Ireland:  what  is  its  age  and 
genesis  P  Some,  at  least,  of  the  Scotsmen  say  that  the  Lewisan  gneiss  is  the  tom- 
up  '  Old  Bay.'  ^  If  so,  how  did  it  exist  to  be  tom  up  into  the  basement  complex  P 
Tnen  there  are  the  quartzitic  and  highly  felspathic  varieties  of  the  Lewisan  that 
are  said  to  have  their  origin  in  masses  of  those  classes  of  rocks.  These  are  com. 
plications  that  some  people  may  understand,  but  others  do  not  see  their  way 

to   believe    that    FTnn)AHEMTAL    bocks    had  THSIB  origin  IK  PRBF17in)AH£NTAL 
AXCESTOBS. 

•  There  is  a  vein  of  humour  in  this  Scotch  sobriquet.  The  rock  is  the  •  Old  Bay/ 
»nd  yet  it  Is  to  be  tom  up  for  the  making  of  the  oldest  rocks  op  the  face  of  creatiop. 
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6.  Some  Irish  LaccolUhic  HUU.    By  G.  H.  Kinahan,  M.BJ.A. 

The  author  be^infi  b^  pointing  out  that  laccoliths  are  not  usually  dssaed 
among  the  elevators  of  hills.  Of  Ute  ^ears  Professors  Gilbert  and  Cross,  of  the 
U.S.A.  Surrey — although  not  the  pioneers — ^have  brought  this  prominent 
forward.  A  short  list  of  writers  on  the  subject  is  given.  The  south-east  of 
Ireland — ^Wicklow,  Wexford,  and  Waterford — is  mentioned  as  the  portion  of  the 
country  in  which  they  are  conspicuous.  Most  of  those  in  Wicklow  and  Wezfoid 
were  carefully  mapped  and  described. 

Gilbert's  definition  of  a  laccolith,  copied  from  a  letter,  ia  giyeo.  It  partiillf 
differs  from  his  original,  as  in  this  he  points  out  that  fragments  torn  from 
the  conduit-pipe  are  usually  found  in  the  laccolith.  This  statement  was  made  ia 
a  reply  to  a  query  of  the  writer,  who  in  his  description  of  the  laooolitlif 
of  South-east  Ireland  had  specially  mentioned  them. 

A  few  very  characteristic  laccoliths  are  particularly  mentioned,  sueh  as  the 
range  of  the  Wicklow  and  Wexford  grsnite  hiUs,  this  line  of  upheavals  behig 
expUined  by  diagrams  iUuBtrating  that  the  granite  had  come  up  in  pipes  throng 
the  undermost  Oldhamians  (Archsean)  and  lifted  up  the  superior  then  horixontil 
Ordovicians ;  so  that  now,  as  a  general  rule,  the  Ordovicians,  not  the  Oldhamiana, 
are  in  contact  with  the  granite.  A  few  remarkable  laccolithic  h«Ha  in  other 
parts  of  Ireland  are  also  mentioned. 


7,  The  Gedogieal  Distribution  of  Fishes  in  the  Carboniferous  Bocks  of 
ScoUand.    By  Dr.  E.  H,  Tbaquaib,  F.BJi. 


&  The  Geological  Distribution  of  Fishes  in  the  Old  Bed  Sandstone  of 
Scotland.    By  Dr.  R.  H.  Tbaquaib,  F.B.S. 


9.  Perim  IslcMd  and  its  BeUUums  to  the  Area  of  the  Bed  Sea. 
By  CATHEumE  A.  Raisin,  D.Sc. 

This  paper  describes  brieflv  rock  specimens  fW>m  Perim  Island  collected  and 
placed  at  the  disposal  of  the  authoress  by  Mr.  J.  A.  Rupert  Jones  (sab- 
lieutenant  R.N.R),  now  stationed  at  Aden. 

The  island,  as  diown  in  the  Admiralty  chart,  has  somewhat  of  a  horse-shoe 
shape,  enclosing  a  harbour  opening  to  the  south.  Low  pliuns,  less  than  12  feet 
above  sea-level,  extend  in  from  the  coast,  especially  at  the  north,  and  consist  of 
raised  beaches,  but  most  of  the  southern  and  eastern  parts  are  hilly,  reaching 
249  feet  at  the  highest  point. 

The  specimens  received  are  all  from  volcanic  rocks.  The  surface,  aoooiding  to 
Mr.  Rupert  Jones,  is  composed  mostly,  to  a  depth  of  about  7  leet,  of  looee 
blocks  (4  feet  or  less  in  diameter^,  often  imbedded  in  calcareous  sand  or  mud.  The 
underlying  rock  is  exposed  in  difls  and  in  quarries,  and  occurs  generally  in  rou^ilv 
horizontal  layers.  One  mass  in  situ  (near  Balfe  Point)  is  a  not  very  basic  basalt 
(almost  an  andesite)  crowded  with  felspar  microliths  with  marked  nuidal  orienta- 
tion, and  is  probably  a  lava  flow.  Another  reddish  rock  with  scattered  rounded 
vesicles  (from  a  cliff  north-east  of  the  harbour)  approaches  a  microcrystalline 
basalt  io  character,  and  consists  of  much  plagioclase,  clear  gum-like  augite,  some 
red  brown  ferruginous  olivine  or  pyroxene,  and  a  little  black  speckled  glassy  base. 
In  another  spot  (near  Balfe  Point)  a  whitish  tuff  or  fine  agglomerate  is  quarried, 
and  consists  utrgely  of  fragments  of  pumice  with  some  broken  felspar,  augite,  and 
other  crystals. 

The  surfitce  blocks  in  one  or  two  examples  consist  of  fragmental  rocks.  Ono 
is  a  red  more  basic  tuff,  containing  thin  black  streaks,  apparently  of  a  spherolHie 
glass.    The  blocks,  however,  are  mostly  scoriaceous  and  vesicular,  petrologically 
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generally  basaltic,  and  similar  to  the  underljing  rocks  described  above,  but  witb 
some  variation,  as  if  thev  might  represent  a  broken  lava  crust  They  are  crossed 
by  veins  of  calcite,  and  the  ashy  materials  and  other  fragments  are  often  cemented 
by  calcareous  deposits. 

The  history  of  Perim  Island  belongs  mainly  to  the  Tertiary  era.  We  may 
infer  that  the  Bed  Sea,  firom  its  general  contours  and  the  steep  descent  of  the  bed 
towards  a  central  depression,  forms  part  of  the  Great  Rift  Vauey,  extending  from 
Lake  Tanganyika  to  the  Joidan,  alon^  which  at  so  manv  places  volcanic  outbursts 
on  a  large  scsle  have  occurred.  Both  in  Arabia  and  in  Abyssinia  extensive  tracts  of 
volcanic  rocks  are  found  of  more  than  one  period.  The  rocks  of  Perim  belong 
probably  to  the  later  or  so-called  Aden  group.  The  raised  beaches  of  the  island 
are  an  evidence  of  oscillations  of  level,  which  are  proved  by  upraised  and  submer^fed 
coral  reefs  to  have  affected  other  parts  of  the  Red  Sea.  Denudation  and  weathenng 
of  the  BurfiMM  took  place,  and  calcareous  sediment  was  deposited,  while  at  different 
times  coral  reefs  became  established  in  the  adjacent  shallow  seas. 


10.  Artesian  Water  in  the  State  of  QtLeenskMd^  Australia, 
By  R.  LooAK  Jack,  XZ.2>.,  F,G.S. 

The  western  interior  of  Queensland  is  endowed  with  rich  grasses,  but  has  an 
insufficient  rainfall.  This  defect,  however,  has  been  to  some  extent  compensated 
by  the  success  in  boring  for  artesian  water,  which  was  commenced  in  1885.  It  is 
estimated  that  artesian  or  sub-artesian  water  is  to  be  found  beneath  an  area  of 
over  264600  square  miles. 

The  greater  part  of  the  western  interior  of  Queensland  is  composed  of  soft 
strata  of  Lower  Cretaceous  age,  consisting  of  clay-shales,  limestones,  and  sand- 
stones. These  strata  are  so  disposed  that  the  lower  members  of  the  series  crop 
out  on  the  western  flanks  of  the  coast  ranffe,  where  not  only  is  the  elevation  of  the 
auorface  greater  than  in  the  downs  to  the  west,  but  the  rainfall  is  also  com- 
paratively abundant. 

Along  the  eastern  marzin  of  the  Cretaceous  area  there  is  a  porous  sandstone  of 
great  thickness,  the  '  Bly thesdale  Braystone,'  and  owing  to  the  low  dip  the  outcrop 
of  this  permeable  stratum  occupies  a  belt  from  five  to  twenty^-five  miles  wide ;  but 
the  Braystone  finally  disappears  beneath  the  argillaceous  and  calcareous  Upper 
members  of  the  series  which  forms  the  surface  of  the  downs  to  the  west.  Several 
rivers  disappear  while  crossing  the  outcrop  of  the  Braystone,  and  the  water  must 
be  carried  m  it  beneath  the  clay-shalee  of  the  pastoral  downs. 

It  is  believed  that  the  subterranean  water  leaks  into  the  Great  Australian 
Bight  between  the  124th  and  134th  meridians  of  east  longitude,  and  perhaps  partly 
into  the  Gulf  of  Carpentaria,  as  the  pressures  in  the  wells  decrease  with  their 
distance  from  the  elevated  outcrop  of  the  Braystone.  Mr.  J.  B.  Henderson, 
hydraulic  engineer,  has  constructed  a  map  showing  lines  of  equal  pressure,  which 
enable  intending  borers  to  judge  whether  or  not,  when  they  strike  water,  it  will 
rise  to  the  surface. 

The  following  statistics  are  from  Mr.  Henderson's  report  for  the  year  ending 
June  30, 1900:— 


Aggregate  depth  of  bores 
Number  of  bores 
Number  of  flowing  bores . 
Deepest  bore    . 
Highest  temperature 
Largest  flow  of  a  single  bore 


185  miles. 

839. 

615. 

6040  feet. 

1960F. 

6000000  gallons  per  day. 


Total  output  of  the  615  flowing  bores     .    117403674686  gallons  per  annrnfli 

The  616  wells  would  fill  a  canal  100  feet  wide  and  20  feet  deep,  1779  miles 
longi  in  twelve  months ;  or  fill  Loch  Katrine  in  a  year  and  a  half. 
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MONDAY,  SEPTEMBER  16. 

The  following  Papers  and  Reports  were  read: — 

1.  The  Cambrian  Fossils  of  ike  North-tvest  Highlands. 
By  B.  N.  Peach,  F,R,S, 

[CkMnmunioated  by  permission  of  the  Director  of  the  Geological  Snnrej.] 

The  Cambrian  rocks  of  the  north-went  of  Scotland  occur  within  a  nacrow 
belt  of  country,  less  than  ten  miles  wide,  stretching  from  Durness  and  EiieboU  to 
Skye,  a  distance  of  120  miles. 

The  lowest  member  consists  of  quartziti)  500  feet  thick,  the  under  half  of 
which  is  false  bedded  and  devoid  of  organic  remains,  and  the  upper  part  of  which 
is  finer  grained  and  more  evenly  bedtfed  and  pierced  by  worm  pipes,  *  Scolitha 
linearis^  by  means  of  different  forms  of  which  it  can  be  divided  up  into  five 
sub-zones.  The  succeeding  '  fucoid  beds/  consisting  of  fifty  to  eighty  feet  of  green 
mudstones,  dolomites,  &c.,  have  yielded  three  species  of  Olenellus,  nearly  allied  to 
Olenellus  Thomsoni,  The  serpulit^  ^t,  from  ten  to  thirty  feet  thidc,  usually 
crowded  with  Salterellos,  has  also  yielded  a  species  of  Olenellus.  It  is  OTeriaid 
by  a  vast  column  of  dolomite,  limestone,  and  subsidiary  beds  of  chert,  amounting 
in  all  to  1,200  or  1,500  feet  in  thickness.  The  first  thirty  feet  of  the  limestone 
has  yielded  two  species  of  Salterella,  and  the  beds  up  to  that  noint  are  looked 
upon  as  the  et]uivalents  of  the  Olenellus  or  Geoman  Terrane  of  Korth  America, 
the  whole  facies  of  the  fauna  being  exceedingly  Ime  that  of  America. 

The  overlying  column  of  dolomite,  &c.,  has  been  divided  into  seven  sub- 
zones,  varying  in  thickness  from  100  to  400  feet,  the  three  uppermost  zones  of  which 
have  yielded  a  fauna  almost  identical  with  that  described  by  Billings  and  others 
from  rocks  which  in  Newfoundland  and  the  St.  Lawrence  region  of  Canada 
underlie  black  shales  at  Cow  Head  and  Point  Levis,  yielding  a  long  suite  of 
graptolites  characteristic  of  the  Fhylloaraptus  or  Arenig  zone.  The  Durness 
dolomite  must  therefore  represent  the  Midole  and  Upper  Cambrian  horizons,  and 
perhaps  the  base  of  the  Arenig  of  America  and  Europe. 

As  regards  the  conditions  under  which  these  deposits  were  laid  down,  the 
author  considers  that  the  basal  quartzites  show  proximity  to  a  low  shelving  shore 
line  continuous  across  what  is  now  the  Atlantic  to  America,  more  or  lees 
parallel  to  the  shores  of  what  is  now  Western  Scotland,  and  a  little  to  the  north 
of  the  present  area ;  that  owing  to  more  or  less  continuous  depression  of  the  area, 
the  '  pipe  rock '  was  deported  further  from  shore,  the  *  fucoid  beds '  representiBg 
the  period  when  the  '  mud  line '  or  limit  of  sedimentation  was  reached,  while 
the  vast  pile  of  the  Durness  dolomite  represents  the  ddbris  of  the '  Plankton ' 
that  fell  on  the  bottom  of  a  clear  though  not  necessarily  a  deep  ocean.  Solution 
of  great  part  of  the  calcareous  ooze  while  exposed  to  the  action  of  sea  water, 
and  perhaps  substitution  of  magnesian  salts  for  calcareous  ones,  changed  the 
calcareous  oozes  into  dolomites,  while  the  chert  beds  represent  the  reassorted 
remains  of  the  silicious  organisms. 

The  author  pointed  out  that  in  Arenig  times  the  sea  over  what  is  now  the 
northern  part  of^the  southern  uplands  of  Scotland  was  also  a  clear  one,  firee  from 
terrigenous  sediments,  and  in  which  a  radiolarian  deposit  accumulated.  If  the 
rocks  along  the  Highland  border  described  by  Messrs.  Barrow,  Clough,  and 
Gunn  1x3  the  northern . continuation  of  these  southern  upland  rocks,  then  it  is 
rendered  highly  probable  that  in  late  Cambrian  and  early  Silurian  times  a  clear 
sea  lay  across  what  are  now  the  BLighlands  of  Scotland,  which  was  probably  the 
harrier  which  divided  the  Cambrian  faunas  of  America  and  North-west  Scotland 
on  the  one  side  from  those  of  Wales,  Bohemia,  and  the  Baltic  region  of  Europe 
on  the  other. 


Digitized  by 


Google 


TRAHSACnOHS  OF  OBOTION  C.  64S 

2.  Th4  InmstigaUon  of  Fossil  Bemains  by  Serial  Sections. 
By  Professor  W.  J.  Sollas,  D.Sc,  F.R.S. 

It  is  now  becoming  increasingly  recognised  that  the  key  to  the  evolution  of 
^e  animal  kingdom  is  not  the  exclusive  possession  of  onto^j  alone,  but  is  shared 
at  least  equally  by  the  sister  science  palseontology.  The  information  afforded  bv 
the  ktter  study  b  far  less  than  might  be  justly  expected,  owing  to  the  insuf- 
ficiency of  its  methods.  The  method  of  fossil  sections  has  worked  a  revolution 
in  zoology  aince  its  first  introduction  some  few  decades  ago.  Gould  it  be  applied 
to  fossils  no  less  far-reaching  results  would  naturally  follow  in  paleeontology. 
Serial  thin  sections  for  examination  by  transmitted  light  are,  however,  in 
most  cases  out  of  the  question,  since  they  cannot  be  obtained  in  a  sufficiently 
close  succession.  The  same  objection,  however,  does  not  apply  to  polished 
surfaces  intended  for  observation  under  the  microscope  by  reflected  light. 

These  can  be  obtained  to  almost  any  desired  degree  of  proximity,  and  a 
grinding  machine  designed  for  the  author  by  the  Rev.  Gervase  Smith,  and 
constructed  with  the  aid  of  a  grant  from  the  Koyal  Society,  furnishes  a  series 
of  parallel  plane  surfaces  at  regular  intervals  of  from  0*  1  to  0*03  mm.  In  the 
case  of  fairly  well  preserved  specimens  those  may  be  studied  under  powers  of  from 
1  inch  to  ^  mch,  and  all  the  details  of  their  anatomy  ascertained. 

Drawings  under  the  camera  lucida  or  photographs  may  be  obtained  from 
them,  and  trom  a  series  of  such  drawings  the  fossil  mav  be  reconstructed  on  an 
enlarged  scale.  Already  several  species  of  fossils  have  been  treated  in  this  wa^ 
with  complete  success.  Supplemented  by  a  few  thin  transparent  sections  it 
affords  a  means  for  ascertaining  the  anatomy  of  fossils  in  fulness  and  with 
precision. 

The  so-called  Ophhara  Egertordy  which  the  author  has  smdied  in  conjunction 
with  Miss  F.  Wright,  displays  under  the  method  of  grinding  all  those  minute 
characters  on  which  zoologists  depend  for  the  determination  of  recent  species, 
including  the  tentacle  scales,  teeth,  buccal  papillse,  and  the  granulations  on  the 
buccal  plates.  The  details  of  the  anatomy  of  jLapworthttra  MUtoni  are  also  clearly 
revealed,  and  in  both  cases  the  anatomy  of  the  jaws  is  so  exactly  indicated  that 
from  these  fosdl  remains  alone  the  homology  of  these  organs  can  be  ascertained. 

Modeb  were  exhibited  prepared  from  serial  sections  of  PalcBo»pmidyluB  Gunni, 
Traquair,  taken  in  longitudinal,  transverse,  and  facial  directions.  These  were 
obtamed  and  studied  by  Miss  Igerna  Sollas  and  the  author.  They  appear  to 
reveal  the  existence  of  a  dorsal  shield,  a  maxillary  arch,  a  palatine  element,  and 
a  suspensorium,  as  well  as  gill  arches.  A  lower  jaw  is  indicated.  While  pointing 
in  some  directions  to  the  Cydostomes  the  more  important  characters  of  the 
fossil  suggest  affinities  with  the  Amphibia  and  Dipnoi. 

Models  in  wax  have  also  been  prepared  of  Manoffrapius  priodorif  and  were 
exhibited  before  the  Section. 


3.  I^otes  on  some  Fossil  Plants  from  Berwickshire.     By  K  Kidston. 


4.  Report  on  lAfe-zones  in  Hie  British  Carboniferous  Rocks, 
See  Reports,  p.  288. 


5.  Geology  regarded  in  its  Economic  Application  to  Agricvlture  by  Means 
of  Soil  Maps.    ByS.  R.  Kilboe. 

It  is  proposed  to  consider  the  means  by  which  geological  information  can  beet 
be  appliM  to  agriculture,  the  utility  of  the  application  l^ing  assumed  to  be  univer- 
sally admitted. 

Amongst  the  objects  to  be  aimed  at  should  be  the  furnishing  of  reasons  and 
suggestions  for  the  pvofitable  localisation  of  certain  branches  of  we  industry,  viz., 
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Stock-breeding,  Dairying,  and  Tillage,  the  last  viewed  in  detail  aa  tegfiida  the 
most  economical  and  profitable  application  of  manures,  and  the  selection  of  Muk 
moet  appropriate  to  different  kinds  of  crops. 

Viewed  in  a  more  general  way,  the  utility  of  G^logy  may  be  considered,  M 
regards  the  valuation  of  land,  the  development  of  estates,  and  schemes  of  inigatioil 
and  drainage. 

We  may  omit  the  special  case  in  which  soils  may  be  regarded  as  mere  lecep* 
tacles  of  manures  (in  places  within  easy  reach  of  ready  markets,  in  which  case 
high  profits  are  often  realised) ;  and  proceed  to  note  that  in  general  fiuming,  not 
only  have  facilities  for  drainage  and  percolation  to  be  considered,  as  well  as  the 
conditions  of  retentiveness,  capillarity,  and  absorptiveness,  or  the  quality  of  re* 
tentiveness  for  fertilisers — all  ot  which  are  determined  by  geological circumstanoes — 
but  the  nature  and  abundance  or  scarcity  of  crude  fertilising  substances  natorally 
present  in  soils,  to  be  operated  on  and  rendered  available  for  plant  use  l^^  acidalatad 
waters  in  the  ground,  have  a  very  important  bearing  upon  the  quali^  of  land,  and 
are  equally  determined  by  ^feological  considerations. 

In  virtue  of  differences  m  the  amounts  of  the  leading  fertilising  constituents  in 
soils,  and  differences  in  the  degree  of  facility  with  which  thev  are  rendered  amul- 
able,  a  great  range  of  intrinsic  soil-values  b  observable  in  Ireland,  where  acccnrding 
to  Sir  K.  Griffith  some  land  is  to  be  met  with  capable  of  putting  upwards  of  3  cwt. 
of  flesh  per  Irish  acre  (or  2|  cwt.  per  statute  acre)  upon  grass-fed  animals  each 
season. 

Chemical  analyses  of  soils,  as  means  of  discriminating  as  to  their  resources  or 
deficiencies,  of  determining  the  amounts  of  fertilisers  immediately  available  accord- 
ing to  Dr.  Dyer's  method,  or  the  amounts  soluble  in  aqua  regia  according  to  that 
adopted  by  M.  de  Gasparin,  or  the  bulk  amounts  present  in  any  sample,  can  never, 
on  account  of  the  expense  and  number  which  would  be  requisite,  come  to  be 
regarded  as  a  practicable  feature  of  economic  farming  procedure,  unless  indeed 
anidyses  be  applied  in  connection  with  some  ready  and  fairly  reliable  means  of 
comparing  soil  with  soil  in  different  localities.  Such  means  would  be  afforded  bj 
soil  maps  upon  a  geological  basis. 

Agncultural  maps  (cartes  agronomiques)  have  been  advocated  by  such  antho« 
lities  as  De  Caumont  and  Delesse  on  the  Continent.  Itisler,  head  of  the  fint 
Agricultural  College  of  France,  not  only  values  the  aid  which  geology  euppliesi 
but  considers  that  detailed  geolo^cal  maps  would  suflice  for  agricultural  purposes, 
such  maps  in  that  country  fairly  suggesting,  not  only  the  character  of  soils 
resulting  from  the  decay  of  immediately  underlying  strata,  as  regards  their  physical 
qualities,  whether  as  sand,  loam,  clay,  and  intermediate  varieties,  but  l^e  degree 
and  nature  of  their  endowment  also,  with  fertilising  substances. 

In  the  British  Isles  north  of  the  Thames,  Drifts  supervene  to  a  great  extent, 
masking  or  obliterating  the  characters  proper  to  soils,  which  otherwise  would  cover 
each  formation  or  igneous  mass.  Hence  ordinary  geological  maps  do  not  here 
suffice  for  agricultural  purposes  in  these  countries.' 

The  Drift  maps  publisbod  by  the  Geological  Survey,  so  highly  serviceable 
economically,  in  thicKly  populated  areas,  for  purposes  of  drainage,  water  supply 
on  a  small  scale,  and  in  connection  with  the  brick-making  industry,  seem  to  me  to 
come  short  of  agricultural  reauiremeuts  in  this,  that  they  do  not  give  prominence 
to  information  bearing  upon  tpe  natural  endowments  of  soils  as  regards  fertilisen 
— not  even  as  much  so  as  ordinary  maps  showing  the  solid  geology. 

I  should  therefore  propose  a  scheme  of  soil  maps  which,  while  keeping  in 
view  the  elements  upon  wnich  the  physical  qualities  of  soils  depend,  gives  pro- 
minence to  information  bearing  upon  the  soil  resources. 

To  do  this  I  should  use,  somewhat  as  on  our  original  Irish  drifted  map8| 
close,  wide,  and  medium  stippling,  to  distinguish  sands  and  gravds,  boulder  clay, 
and  intermediate  varieties  respectively — the  boundaries  of  which  in  the  field  are 
exceedingly  ill-defined  in  many  places.  Over  this  I  should  apply  a  light  waah  of 
colour  appropriate  to  one  of  the  following  groups  of  rocks,  to  represent  the  aoil, 
whether  drift-soil  or  soil  directly  formed  over  rock,  according  to  the  preyailiiig 
character  of  debris  present  in  the  uppermost  lajer,  the  toil  and  subsoil,  reeeryiag 
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the  darker  tintA  of  colour  for  the  places  where  the  rock  is  actually  to  be  seen. 
Other  details  are  described  in  the  paper. 

I  should  arrange  strata  and  igneous  masses  in  much  fewer  groups  than  thcsa 
represented  on  geological  ^  maps,  and  retain  the  system  of  colours  on  these  maps 
in  so  far  as  they  prove  ordinarily  suggestive  of  the  rocka  referred  to,  viz.  — 

Limestone  (Chalk,  &c.)  •        •        •        •        •        •    Blue. 

Sandstone  and  Shale     .••..•  Slate  colour. 
Grits  and  Slate      ..•..••„„ 

Quartzite  and  Schist •        m        i* 

Coal  Measures       ......         •  Dark  grey. 

Basic  Rocks  ........  Burnt  carmine. 

Acid  Rocks Carmine. 

Peat  Bogs Sepia. 

Gravelly  and  Coarse  Pebbly  Alluvial  deposits      .  Burnt  sienna* 

Loamy  and  Peaty  Alluvium Green. 

Such  a  system  would  tend  to  meet  the  strong  prejudice  existing  in  farmers* 
minds  against  geological  technicalities,  while  keepmg  the  essential  points  of 
information  concerning  soils  in  the  forefront. 

The  addition  of  contour  lines,  even  if  only  approximately  drawn  from  the 
levels  given  on  the  Ordnance  maps,  would  be  a  valuable  addition  to  these  indufi- 
trial  maps  in  consideration  of  mfTerence  of  climatic  conditions  attendant  upon 
differences  of  elevation. 


6.  Plants  and  Coleoptera  from  a  Deposit  of  Pleistocene  Age  at  Wolvercote^ 
Oxfordshire.    By  A.  M.  Bbll,  M.A,,  F.G.S. 

Plant  remains  of  Pleistocene  time  are  of  great  rarity  in  England.  The  two 
most  important  series  which  have  been  described  are  from  Hoxne,  in  Suffolk,  ob- 
tained by  Mr.  Clement  Reid,  F.R.S.,  and  Mr.  H.  N.  Ridley  ("  Geol.  Mag.,'  1888, 
p.  441),  and  from  North  London  by  Mr.  Worthington  G.  Smitn. 

There  is  in  these  remains  a  singular  difference.  Of  twenty-eight  plants  obtained 
at  Hoxne  three  are  arctic  (Salix  polaris,  S.  myrsinites,  Betula  nana) ;  seventeen 
range  to  the  Arctic  Circle. 

At  Stoke  Newington,  on  the  contrary,  Mr.  W.  J.  Smith  obtained  the  elm,  the 
chestnut,  clematis,  and  perhaps  the  vine.  Only  three  out  of  eleven  plants  reach 
the  Arctic  Circle.  The  pine,  the  alder,  birch,  and  yew,  with  the  royal  fern,  were 
more  in  harmony  with  the  present  and  the  past  floras. 

In  the  author's  opinion  the  Stoke  Newington  flora  represents  a  much  later  age  of 
Pleistocene  time  than  the  Hoxne  flora.  The  conditions  were  continental,  and  the 
flora  of  the  south  was  gaining,  while  the  arctic  flora  was  disappearing. 

The  plants  as  yet  identifled,  by  the  kindness  of  Mr.  Clement  Reid,  firom 
Wolvercote  resemble  those  found  at  Stoke  Newington  more  than  those  of  Hoxne. 
This  is  in  harmony  with  the  writer's  view  that  the  Wolvercote  deposit  is  of  late 
Pleistocene  age,  nearer  to  the  Stoke  Newington  than  to  the  Hoxne  deport. 

Eighteen  plants  obtained  by  the  author  are  given.  All  of  them  are  found 
in  Oxfordshire  to-day.  Eight  only  have  an  extension  to  the  Arctic  Circle.  Four 
mosses  have  been  obtained,  one  of  which  is  certainlv  recent.  A  considerable 
number  of  the  wing-cases  of  beetles  have  also  been  found.  These  are  difficult 
to  identify,  but  tiie  genus  of  one,  remarkable  by  its  rows  of  hairs,  has  been 
named  by  Mr.  Waternouse,  of  the  Natural  History  Department  of  the  British 
Museum.  Only  one  of  the  genus  now  is  found  in  England,  and  that  is  different 
from  the  Wolvercote  species.  On  the  other  hand  the  genus  is  common  on  the 
Continent. 

These  facts,  coupled  with  those  from  Stoke  Newington,  tend  to  the  conclusion 
that  in  late  Pleistocene  time  the  climate  of  the  Thames  Valley  was  more  conti- 
nental than  it  is  at  present. 
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•     7.  Report  on  the  Te'rrestrial  Surface  Waves  and  Wave-like  Sicr/aces, 

See  Reports,  p.  398. 


8.  Report  on  the  Exploration  of  Keish  CaveSf  Co.  Sli^o. 
See  Reports,  p.  283. 


9.  Evidences  of  Ajicient  GUtcier-davuned  Lakes  in  the  Cheviots. 
By  Percy  F.  Kendall,  F/t.S.^  and  Herbert  B.  Mdpp,  B.A,,  F.G.S. 

It  is  uncertain  wbethor  the  Cheviot  .'itself  wa^  overriddpn  by  extraneous  ice, 
but  strisB  on  Tbirl  Moor  and  BaJier  Crag  recorded  by  tbe  Gheological  Sorvej 
probably  indicate  that  this  portion  of  the  watershed  was  overridden  by  ice  from 
the  Tweed  Valley,  and  Prof.  Gleikie.  mentions  till  and  striated  stones  on  the  tops  of 
the  Cheviot  Hills  at  1,500  ft.  Tbe  transport  of  erratics  shows  movement  luoDg 
both  sides  of  the  axis  of  the  range  from  S.W.  to  N.E.  at  some  stage  of  tbe 
glaciation.  Across  the  northern  end  and  for  at  least  ten  miles  down  the  eastern 
side,  however,  a  distribution  of  rocks  from  the  Tweed  Valley,  together  with  other 
indications  to  be  mentioned,  {K>int8  to  an  ice-flow  veering  round  through  easterly 
to  a  due  north-to-eouth  direction.  The  observations  of  tbe  authors  go  to  confirm 
the  above  conclusions  with  respect  to  the  area  N.  and  £.  of  Cheviot. 

The  authors,  during  a  few  days  spent  in  the  district,  observed  certain  features 
which  throw  much  light  on  tbe  later  stages  of  the  Ice  Age  in  this  area.  Mr. 
Clough  mentions  *  '  dry,  steep-sided  little  valleys  crosang  over  watersheds,  which 
do  not  appear  to  lie  along  lines  of  weakness  or  the  outcrops  of  soft  beds.  It  is 
suggested  that  they  might  have  been  formed  by  streams  from  glaciers.'  Some  of 
the  valleys  observed  by  us  run  along  the  sides  of  hills  or  occur  as  loops  detaclung 
portions  of  the  wdls  of  valleys,  and  the  general  characters  of  similar  valleys  h&ye 
been  described  by  us  separately.^  Their  mode  of  occurrence  and  the  relations  to 
the  relief  of  the  country,  as  well  as  to  the  position  occupied  by  the  ancient  ioe- 
sheets,  show  that  they  can  be  ascribed  only  to  the  overflow  of  water  from  lakeleti 
held  up  by  an  ice-barrier.  In  the  tract  of  country  between  Yeavering  Bell  and 
Ingram  we  found  that  each  of  the  spurs  separating  the  valleys  which  radiate  from 
Cheviot  was  cut  across  by  one  or  more  sharp  gorge-like  channels,  draining,  with 
one  significant  exception,  to  the  south.  The  spur  between  Roddam  Dean  and  the 
Breamish  River  is  cut  near  Calder  Farm  by  a  channel,  bounded  on  the  east  bv 
the  moraine,  draining  to  the  south ;  but  a  higher  portion  of  the  same  spar  if 
travers(^  by  a  channel  draining  in  the  opposite  direction,  t.«.,  to  the  north.  The 
highest  member  of  a  series  across  any  given  spur  is  usually  just  above  the  boun- 
dary of  the  drift  containing  extraneous  boulders.  At  the  outlets  of  the  valleys 
there  are,  in  several  cases,  deltas  represented  by  masses  of  gravel. 

Conchaions. — The  existence  of  the  series  of  overflow  channels  points  clearly  to 
the  former  presence  of  a  chain  of  small  lakes  held  in  the  radial  system  of  vaueys 
of  the  Cheviots  by  i^  barrier  of  ice.  The  ice-stream  by  the  boulders  which  it  bore 
mav  be  inferred  to  have  swept  round  the  end  of  the  Cheviots  out  of  the  Tweed 
Valley.  The  margin  of  the  sheet  at  its  maximum  extension  rose  to  about 
1,000  ft,  along  the  arc  from  Yeavering  Bell  to  Brand's  Hill,  beyond  which  it 
may  have  declined.  Along  the  south-eastern  slopes  of  the  Cheviots  another 
extraneous  glacier  swept  in  a  north-east  direction.  Where  their  conflnenoe  took 
place,  or  whether  they  were  not  in  succession  rather  than  simidtaneoua,  is  not 
easy  to  decide,  but  the  Roddam  Bum  channel  points  very  clearly  to  the  prep<»- 
derating  influence  of  the  southern  stream,  while  the  Calaer  Farm  overflow  lower 
down  the  same  ridge  shows  by  its  southerly  slope  that  the  northern  ice  later 
acquired  the  mastery.    If  the  two  glaciers  were  confluent,  then  tiie  overflowing 

>  Oeol.  Surv.  Mem.,  *The  Geology  of  the  Cheviot  Hills.* 

2  B.A.  Report,  1899,  P.  F.  Kendall,  *  On  Extramorainic  Drainage  in  East  York- 
shire ' ;  ihid.,  1900,  A.  Jowett  and  H.  B.  MuflP,  •  Preliminary  Note  on  the  GlaciatioD 
of  the  Bradford  and  Keigbley  District.* 
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waters  of  the  lakes  must  have  been  discharged  either  beneath  the  ice,  as  at 

S resent  happens  to  the  oyerflow  from  a  chain  of  ice-dammed  lakes  on  the 
falaspina  Glader,  or  over  the  top  of  the  ice. 

An  important  and  unexpectea  result  of  our  brief  examination  has  been  the 
discovery  that  while  '  foreign '  ice  was  rising  along  the  flanks  of  the  Cheviots  to 
an  altitude  of  1,000  ft.,  not  only  were  the  spurs  free  from  any  native  ice-sheet, 
such  as  Cheviot  or  Hedgehope  might  have  been  expected  to  support,  but  even  the 
lower  ends  of  the  intervening  valleys  were  occupied,  not  by  great  native  glaciers, 
but  by  lakes. 

The  conditions  thus  described  may  have  some  relation  to  the  fact  that  while 
the  porphyrites  of  the  Cheviots  have  furnished  the  most  abundant  types  of 
erratics  in  the  drift  of  the  Yorkshire  coast,  the  granite,  if  present — which  is  not 
quite  certain — is  very  rare. 

10.  jRfiporl  on  the  Erratic  Blocks  of  the  British  Isles, 
See  Reports,  p.  283. 


11.  Interim  Report  on  the  best  Methods  for  the  BegistrcUion  of  all  Type 

Specimens  of  Fossils  in  tJis  British  Isles. 

12.  Report  upon  the  Present  State  of  our  Knoioledge  of  the  Structure  of 

Crystals. — See  Reports,  p.  297. 


TUESDAY,  SEPTEMBER  17. 

The  following  Papers  were  read : — 

1.  The  Scottish  Ores  of  Copper  in  their  Geological  Relations. 
By  J.  G.  GooDCHiLD,  F,G.S. 

The  ores  of  copper  occurring  in  Scotland  appear,  so  far  as  their  origin  is  con- 
cerned, to  be  referable  to  two  primary  categories.  The  first  of  these  includes 
those  minerals  whose  origin  is  evidently  connected  with  the  uprise  of  thermal 
waters ;  and  the  second  includes  those  which  are  due  almost  entirely  to  deposition 
of  materials  carried  down  in  solution  from  some  rocks  at  a  higher  level  to  others 
below.  The  two  methods  of  origin  may  be  likened  to  the  ebb  and  the  flow  of  the 
tides. 

To  the  first  category  belongs  most  of  the  Chalcopyrites  occurring  in  Scotland, 
and  with  that  mineral  is  to  be  included  also  Chalcocite  and  Somite.  These 
mostly  occur  in  connection  with  mineral  veins.  A  small  percentage  of  other 
compounds  of  Copper  with  Sulphur  appears  to  have  originated  in  connection  with 
certain  eruptive  rock  of  sub-basic  composition.  AVhen  these  latter  have  been 
afiected  by  dynamic  metamorphisra  the  process  seems  to  have  favoured  the  local 
concentration  of  the  mineral  which  wavS  formerly  diffused.  Ilence  several 
Epidiorites  contain  Chalcopyrites,  apparently  as  an  original  constituent  (if  we 
regard  their  schist osity  as  original  to  that  type  of  rock). 

To  the  second  category,  that  of  the  ebb-products  or  minerals  of  secondary 
origin,  belong  all  the  remainder. 

Taking  these  in  the  order,  and  with  the  numbers,  adopted  by  Dana,  we  have, 
first,  (16)  Native  Copper.  There  cannot  be  much  doubt  that  all  the  Scottish 
specimens  of  this  are  of  secondary  origin.  The  earlier  stage  seems  to  have  been 
that  of  solution,  along  with  those  of  the  constituents  of  a  sub-basic  eruptive  rock, 
through  which,  probably,  the  copper  o^e  was  originally  diffused  ^n  very  minute 
quantities!    The  decomposition  of  the  rock  by  surface  agencies  has  again  converted 
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this  into  solutioji — probably  in  the  form  of  carbonate — ^from  which  solatbn 
any  one  of  various  reagents,  in  most  cases  probably  decomposing  organic  matter, 
has  reduced  the  dissolved  substance  to  the  metallic  state.  In  this  form  it  has 
been  deposited  as  thin  sheets  along  the  divisional  planes  of  the  rocks  situated  at  a 
lower  level  than  its  point  of  origin.  In  the  form  of  films  of  this  kind  it  occurs  at 
Boyleston,  in  Renfrewshire,  where  it  is  found  in  lavas  of  Lower  Carboniferous 
age ;  and  at  Ballocbmyle,  in  the  joints  traversing  the  marls  of  the  New  Red 
I^^cks  there.  I  may  remark,  in  passing,  that  these  rocks  so  closely  resemble  the 
Bunter  Sandstone  that  £  should  never  have  hesitated  to  refer  them  to  that  horizon 
had  not  a  different  opinion  regarding  their  age  been  expressed  by  the  distinguished 
author  of '  The  Scenery  of  Scotland.' 

Native  Copper  also  occurs  in  the  form  of  minute  particles — ^possibly  crystals— 
in  some  of  the  Frehnites  of  Boyleston  and  Glen  Farg.  Doubtless  these  varieties 
of  Prehnite  owe  their  colouring  matter  to  the  presence  of  this  mineral,  just  as 
the  ordinary  green  variety  of  Prehnite  owes  its  colour  to  diffused  compounds  of 
copper  of  other  kinds — possibly  to  Cbrysocolla.  The  same  metal  also  occurs  at 
Boylestone,  disseminated  throughout  some  of  the  beautiful  crystals  of  Caldte 
which  line  some  of  the  drusy  cavities  of  the  lavas  there.  When  Native  Copper  is 
enclosed  in  these  crystals  the  external  form  is  much  more  complex  than  where  the 
metal  is  absent. 

Some  Chalcopyrites  must  undoubtedly  be  classed  amongst  ebb-products  also, 
seeing  that  a  second  generation  of  crystals  often  occurs  upon  mmerals  whose 
secondary  origin  cannot  be  doubted.  Atacamite  has  been  claimed  as  a  Scottish 
mineral,  but,  it  seems  to  me,  on  insufficient  grounds. 

(224)  Cuprite,  as  might  be  expected,  occurs  in  connection  with  the  other 
decomposition  products  of  copper  ores.  Usually  it  occurs  as  one  of  the  consti- 
tuents in  the  compound  known  as  Tile  Ore ;  but  occasionally,  as  at  Glen  Farg,  it 
shows  traces  of  crystalline  exterior ;  or  as  at  Boyleston,  where  Mr.  Oraig-Chnstie 
has  got  it  in  the  capillary  or  velvet-like  form.  Some  of  the  silicate  of  copper  firam 
Lauchentyre  appears  to  me  to  be  coloured  red  by  Cuprite,  which  may  also  occur 
there  in  the  free  state. 

(230)  Tenorite  has  not  yet  been  proved  to  occur  as  a  separate  Scottish 
mineral ;  but  the  black  Cbrysocolla  from  Lauchent^  and  other  mines  in  the 
neighbourhood  may  possibly  owe  its  coloration  to  this  mineraL 

(288)  Malachite  calls  for  no  specisl  remark  here  beyond  the  statement  that  it 
does  not  appear  to  show  crystalline  termination  at  any  locality  in  Scotland  except 
at  Sandlo^,  in  Shetland,  where  it  seems  to  have  been  taken  for  Brochantite. 

(289)  Azurite  is  singularly  rare  in  Scotland,  and  has  not  yet  been  found  with 
visible  crystalline  faces.  (290)  Aurichalcite,  (741)  Linarite,  and  (739)  Caledonite, 
well  known  as  secondary^  products  of  the  decomposition  of  veins  containing  Copper, 
do  not  call  for  any  special  remark  in  this  abstract. 


2,  A  Revised  List  of  the  Minerals  known  to  occur  in  Scotland^ 
By  J.  G.  GooDOHiLD. 

The  following  list  embraces  the  whole  of  the  minerals  whose  claim  to  rank  as 
good  species  and  whose  occurrence  in  Scotland  seem  to  the  author  to  be  beyond 
doubt.    The  list  will  probably  have  to  be  extended : — 

Graphite  Dolomite  Okenite 

Sulphur  Magneeite  Qyrolite 

Gold  Siderite  Apophyllite 

Copper  Aragonite  Heulandite 

Stibnite  Strontianite  Brewsterite 

Molybdenite  Cerussite  Harmotome 

Argentite  Malachite  Stilbite 

Gfdena  Azurite  Laumontite 

Ohalcocito  Aurichalcite  Chabazlte 

Blende  Zaratite  Gmelinite 
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Pent]aiidite 

Greenookite 

Millerite 

Niccolite 

Pyrrhotite 

Covellite 
(?)  Bornite 

Chalcopyrite 

Pyrites 

Gersdorffite 

Marcasite 

Eermesite 
(?)  Bonrnonite 

Tetrahedrite 

Salt 

Sal-ammoniac 

Fluor 

Quartz 

Qoartzine 

Tridymite 

Opal 

Valentinite 

Cervantito 

Water 

Cuprite 

Corundum 

Hsematite 

Ilmenite 

Spinel 

Magnetite 

Chromite 

RutUe 

Flattnerite 

Brookite 

Pyrolusite 

Turgilo 

Goethite 

Manganite 

Limonite 

Brucite 

Pyroaurite 

Psilomelane 

Calcite 

Caledonite 

Linarite 

Gypsum 

Epsomite 

Morenosite 

Melanterite 

Alum 


Hydrocerussite 

Orthoclase 

Microcline 

Anorthoclase 

Albite 

Oligoclase 

Andesine 

Labradorite 

Anorthite 

Enstatite 

Hypersthene 

Augite 

^girino 

Spodumene 

WoUastonito 

Pectolite 
(?)  Babingtonite 

Hornblende 
(?)  Glaucophane 

Riebeckite 

Beryl 

lolite 

Nepheline 

Sodalite 

Garnet 

Forsterito 

Olivine 

Wemerit^ 

Idocrase 

Zircon 

Thorite 

Topaz 

Andalusite 

Sillimanite 

Kyanite 

Datolite 

Zoisite 

Epidote 

Allanite 

Prehnite 

Hemimorphite 

Tourmaline 

Staurolite 

Pickeringite 

Halotrichite 

Wulfenite 

Hatchettolite 

Ozocerite 

Fichtelite 

Retinite 


Levyne 

AnaJcime 

Edingtonite 

Natrolite 

Scolecite 

Mesolite 

Tbomsonite 

Muscovite 

Zinnwealdite 

Biotite 

Phlogopite 

Lepidomelane 

Haughtonite 

Cbloritoid 

Ottrelite 

Clinoohlore 

Pennine 

Prochlorite 

Delessite 

Serpentine 

Talc 

Saponite 

Celadonite 

Glauconite 

Kaolinite 

(?)  Halloysite 
ChrvsocoUa 
Pilolite 
Spbene 
Apatite 
Pyromorphite 
Vanadinite 
Vivianite 
Erythrite 
Annabergite 
Wavellite 

(?)  Glauberite 
Barytes 
Celestine 
Anglesite 

(?';  Vauquelinite 
Lea^illite 
Lanark]  te 
Torbemite 
Bathvillite 
Middletonite 
Petroleum 
Asphaltum 
Elaterite 
Albertite,  &c. 


The  following  are  remarkable  by  their  absence : — Calamine,  Witherite,  Leucite, 
Axinite,  Anhydrite ;  and  Marcasite  and  Fluor  by  their  rarity. 


3.  The  Occurrence  of  Barium  Sulphate  and  Calcium  Fluoride  as  Cementing 
Substances  in  tlie  Elgin  Trias,     By  Wm.  Mackie,  M,A,^  M,D, 

Barium  sulphate  as  a  cement  of  sandstone  was  first  noted  by  Professor  Clowes 
in  1885  as  occurring  in  Triassic  rocks  near  Nottingham.  Other  localities  in  sand- 
stones of  the  same  age  have  since  been  noted,  all  of  them  in  the  north  or  centre  of 
England. 

Barium  sulphate  in  the  Elgin  Trias  was  first  observed  by  the  author  in  1805. 
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It  occurs  maiuly  in  nodules  which  range  in  size  from  a  hazel  to  a  walnut  dia- 
seminated  through  an  extensive  mass  of  sandstone  along  the  coast  of  Elginshire, 
near  Covesea  Lighthotise,  where  in  consequence  of  its  influence  on  the  weathering 
of  the  sandstones  some  unique  results  in  rock  sculpturing  have  been  produced. 
Analyses  of  some  of  these  nodules  show  that  they  contain  as  much  as  37  per  cent, 
of  barium  sulphate.  In  the  nodules  the  barium  sulphate  is  shown  by  the  micro- 
scope to  directly  envelope  the  crrains  of  sand,  except  toward  the  periphery  where 
rims  of  secondary  quartz  and  ferric  hydroxide  come  between  the  sulpnate  and  the 
original  grains. 

The  presence  of  calcium  fluoride  in  rocks  of  the  same  age  at  Cummingston  a 
little  further  to  the  west  than  the  barium  sulphate  area  was  also  determined  by 
the  author  in  1895.  The  fluoride  occurs  in  small  white,  often  square-ahaped, 
patches,  showing  lustre-mottling  disseminated  through  the  mass  of  the  sandstone. 
Sometimes  it  occurs  in  aggregates  which  on  section  show  that  they  are  made  up 
of  cubes  placed  in  juxtaposition.  There  are  also  occasional  bands  c«ment6d 
throughout  by  calcium  fluoride,  but  even  in  these  lustre-mottling  shows  that  it 
occurs  in  masses  of  closely  placed  cubes.  The  presence  of  fluoride  was  determined 
by  obtaining  a  copious  precipitate  of  gelatinous  silica  on  heating  the  powdered 
sandstone  with  strong  sulphuric  acid  and  passing  the  evolved  gas  into  water.  As 
much  as  26'SS  per  cent,  of  calcium  fluoride  was  obtained  by  analysing  an  average 
specimen  of  the  sandstone  in  detail.  The  microscope  shows  the  presence  of  a 
colourless  isotropic  substance  directly  enveloping  the  sand  grains.  Towards  the 
periphery,  as  in  the  case  of  the  barium  sulphate  nodules,  secondary  ouartz  rims 
and  ferric  hydroxide  are  occasionally  seen  to  come  between  the  fluorioe  and  the 
original  grains. 

The  author  disputes  the  explanation  of  Professor  Clowes  as  regards  the 
raison  dCetre  of  the  barium  sulphate,  the  presence  of  which  has  been  ascribed  by  him 
to  the  double  decomposition  of  barium  chloride — which  he  finds  present  in  some 
of  the  local  deep  well  waters — ^by  the  soluble  sulphates  of  the  infiltratiDg  waters. 
On  the  contrary,  the  presence  of  both  barium  sulphate  and  calcium  fluoride  is 
ascribed  to  the  concentration  of  the  waters  of  an  inland  lake  from  which  these 
substances  if  present — and  both  of  them  are  present  in  sea  water — would  naturally 
be  deposited  in  the  order  of  their  insolubility  as  concentration  went  on.  The 
presence  of  beds  of  common  salt  in  the  English  Trias  presupposes  the  existence  of 
such  a  salt-impregnated  lake  over  the  southern  area,  and  the  same  conditions  may 
be  reasonably  extended  to  the  Elgin  area  during  the  same  geological  period. 


4.  The  Pebble-band  of  the  Elgin  Trias  and  its  Wind-worn  Pebbles, 
By  Wm.  Mackie,  J/.^.,  M,D, 

The  Cutties  Hillock  pebble-band,  which  has  figured  so  largely  in  the  dtscussioii 
of  the  succession  of  the  Elgin  sandstones,  is  not,  as  has  generally  been  contended, 
a  pure  localism.  Two  now  openings  into  the  Triassic  rocks  of  the  area  show  that 
it  IS  present  at  five  widely  separated  points.  Its  characters  are  constant  in  alL 
There  is  evidence  that  it  is  basal  in  position  in  the  Triassic  formation,  and  taking 
it  as  a  datum  line  one  is  enabled  to  fix  the  relation  of  the  Triassic  to  the  under- 
lying U.O.R.  rocks  with  some  certainty.  It  shows  that  the  former  overlie  the 
truncated  edges  nf  the  latter  beds  in  a  thin  cake,  which  is  probably  nowhere  more 
than  100  feet  in  thickness  on  a  surface  slightly  inclined  upwards  from  the  south- 
east to  the  north-west,  while  the  U.O.K.  rocks  steadily  dip  at  almost  constant 
angles  in  the  opposite  direction.  Other  &cts  definitely  ascertained  are,  that  the 
two  series  of  rocks  wherever  they  occur  in  proximity  invariably  show  marked 
discordance  of  dip  and  strike,  and  that  the  Cutties  Hillock  area  is  detached  from 
the  other  local  areas  of  Triassic  rocks,  U.O.R.  rocks  having  been  traced  all  round 
it,  and  quite  a  mile  intervening  between  it  and  the  Snynie  and  Findrassie  area  to 
the  north-west,  in  which  interval  U.O.R.  rocks  witn  discordant  dip  and  strike 
also  appear. 

Another  interest  attaches  to  the  pebble-band  in  that  its  pebbles,  which  are  all 
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but  exclusively  of  quartz,  quartzite,  Teln  quartz,  and  cbert|  show  unmistakable 
evidence  of  sand-blast  action. 

'Pyramidal  pebbles'  are  common,  with  surfaces  showing  different  degrees  of 
polishing.  Sopie  of  them  even  present  strongly  concave  surfaces  and  finer  depres- 
sions beautifuUy  polished.  A  considerable  number  show  '  flaking  *  of  their  edges, 
and  the  surfaces  so  formed  have  subsequently  been  subjected  to  different  degrees  of 
polishing.  The  cherts  are  beautifully  fretted,  and  exhibit  in  perfection  the  results 
of  differential  etching. 

Inquiries  as  to  definite  orientation  of  the  more  polished  surfaces  of  the  pebbles 
have  hitherto  failed  to  yield  results.  The  author  believes  that  no  such  definite 
orientation  obtains,  and  is  of  opinion  that  the  pebbles  had  been  subjected  to  con- 
tinued sand-blast  action  in  some  other  locahty,  and  were  suddenly  and  forcibly 
transferred  by  the  action  of  water  to  their  present  position,  where  many  of  them 
were  again  subjected  to  further  sand-blast  action. 

The  result  of  the  examination  of  the  pebbles  supports  the  author's  contention, 
based  on  the  microscopical  characters  of  their  constituent  sand-grains,  that  the 
Cutties  Hillock  sandstones  are  really  Triassic  sand-dunes.  Other  reasons  for 
arriving  at  the  same  conclusion  are :  the  peculiar  undulating  bedding  of  the  sand- 
stones, differences  in  the  mode  of  occurrence  as  well  as  ontological  differences  of 
the  fossils  from  what  obtain  in  the  adjoining  areas. 

In  the  case  of  the  other  local  Triassic  areas  deposition  in  water  is  assumed, 
though  the  debris  had  evidently  ih  some  cases  for  a  long  time  previously  been  sub- 
jected to  wind  action  on  a  land  surface. 


5.  The  Occurrence  of  Covellite  in  Association  with  Malachite  in  the  Sand* 
stone  of  Kingsteps^  Nairn.     By  W.  Mackie,  Jf.^.,  MJD, 

In  a  vein  or  fissure  of  about  1^  inch  width  in  Kingsteps  Quarry,  Nairn,  the 
sandstone  is  found  to  be  impregnated  with  copper  ore.  The  vein  shows  an  indigo 
coloured  centre  of  about  J  inch  in  width  bordered  by  green  margins  of  about 
the  same  dimension.  Analyses  of  the  different  parts  gave  results  which  show 
that  the  copper  ore  exists  in  the  centre  of  the  vein,  chiefiy  in  the  form  of  the 
monosulphide  (CuS)  and  mostly  in  the  form  of  malachite  at  the  margins.  The 
former,  which  is  the  mineral  covellite,  is  apparently  new  to  Scotland,  as  no  mention 
is  made  of  it  in  Heddle's  *  Mineralogy  or  Scoliand.'  Nairnshire  must  also  be 
recorded  as  a  new  locality  for  malachite. 


6.  The  Source  of  the  Alluvial  Gold  oftlie  KUdonan  Fields  Sutherland, 
By  J.  Malcolm  Maclarbn,  B,Sc. 

In  this  field  gold  is  practically  confined  to  the  small  area  drained  by  the 
Kaldonan,  Suisgill,  and  Embrace  streams,  all  tributaries  of  the  UUie  or  Helms- 
dale. The  rocks  of  this  area  are  granites  and  quartz-,  flaser  mica-,  and  granulitic 
biotite-schists.  The  lines  of  demarcation  between  the  various  schists  are  at  all 
times  diificult  to  trace,  since  the  whole  countryside  is  covered  with  a  thick 
deposit  of  the  Glacial  Drift.  Fine  flakes  of  gold  have  been  found  in  many  places 
in  the  Glacial  Drift,  supporting  the  inference  that  alluvial  gold  is  more  or  less 
dispersed  throughout.  It  is  only  in  alluvium  resulting  from  the  action  of  the 
present  watercourses  that  concentration  of  the  Drift  has  been  carried  to  such  an 
extent  as  to  attract  commercial  attention.  The  gold  itself  is  fouud  in  nuggets 
and  scales,  the  largest  of  the  former  weighing  2  oz.  17  grains.  The  scales  pre- 
sent little  evidence  of  rounding  due  to  attrition  or  rolling  friction.  Veins  of 
*  clean '  quartz  have  been  found  in  the  upper  waters  of  the  Kildonan.  One  of 
these  veins  on  analysis  yielded  gold.  The  writer  concludes  that  the  alluvial 
gold  has  been  derived  from  the  white  quartz  veins  of  the  local  schists  (which  are 
almost  certainly  metamorphosed  sediments,  possibly  originally  containing  alluvial 
gold).    The  scnists  were  crossed  by  glaciers  travelling  in  a  general  south-easterly 
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direction,  rudely  disposing  the  comminnted  auriferous  quartz  in  Meads*  in  the 
Drift.  The  present  streams,  cutting  across  the  Drift,  have  more  or  less  concen- 
trated the  gold.  Profitable  working  of  the  deposit  is  precluded  by  the  '  burden  * 
of  large  stones,  by  the  importance  of  the  vested  interests  concerned,  and  by  the 
inclemency  of  the  winter  season. 


7.  Field  Notes  on  the  Influence  of  Organic  Matter  on  die  Deposition  of 
Gold  in  Veins,    By  J.  Malcolm  Maclaren,  B.Sc, 

The  reducing  action  of  organic  matter  on  the  soluble  salts  of  gold  was  fairly 
established  by  the  researches  of  Henry,  Percy,  Daintree,  Sterry  Hunt^  and  New- 
bery,  and  organic  matter  was  considered  for  many  years  to  be  responsible  for  the 
great  majority  of  the  auriferous  vein  deposits  of  the  world.  With  the  publication 
of  Skey's  researches,  and  his  demonstration  of  the  fact  that  sulphides  alone  are 
competent  to  produce  complete  precipitation  of  gold  from  solution,  the  fonner 
theory  was  almost  completely  abandoned.  The  following  cases,  however,  which 
have  come  under  the  writer's  personal  observation,  admit  at  least  of  the  posability 
of  precipitation  by  carbonaceous  matter. 

The  reefs  of  the  Qympie  Goldfield,  Queensland,  underlie  almost  at  right  angles 
across  the  dip  of  the  bedded  peywackes,  shales,  sandstones,  and  limestones  in 
which  they  are  situated ;  but  it  is  only  where  highly  carbonaceous  shales  (the 
*  First,* '  Second,' '  Third,'  and  *  Phoenix '  *  slates'  of  the  miner)  are  intersected  by 
quartz  reefs  that  the  latter  are  auriferous.  The  carbonaceous  shales  are  certainly 
pyritous  ;  but  so  also  are  the  overlying  and  underlying  beds  in  which  the  veins 
are  barren. 

The  Croydon  Goldfield,  North  Queensland,  is  in  an  area  of  metamorphic 
granite,  containing  much  graphite.  The  reefs  are  more  or  less  enclosed  within 
walls  of  kaolinic  matter  highly  charged  with  graphite.  Where  graphite  is  most 
abundant  have  been  the  richest  auriferous  deposits.  On  the  other  hand,  broadly 
speaking,  the  presence  of  pyrites  in  a  Croydon  reef  indicates  poverty  of  content, 
and  is  considered  as  an  unfavourable  indication  bv  miners. 

The  'indicators'  of  the  Ballarat  Goldfield,  Victoria,  are  thin  beds  of  dark- 
coloured  shales  and  slates,  formed  of  a  carbonaceous  mud  and  containing  a  con- 
siderable percentage  of  iron  pyrites.  The  main  '  indicator '  has  been  followed  with 
few  breaks  for  a  distance  of  eight  miles.  The  most  profitable  quartz  reefs  cross 
the  '  indicators '  ^most  at  right  angles,  and  the  great  bulk  of  uie  gold  is  found 
where  the  quartz  reef  has  crossed  and  slightly  &ulted  the  '  indicator,'  little  gold 
being  found  at  a  greater  distance  than  a  yard  mm  the  intersection. 


8.    The  Source  of  Warp  in  the  Humher, 
By  W.  H.  Wheeler,  M.Inst,C,E. 

It  has  frequently  been  stated  that  the  mud  or  warp  in  suspension  in  the 
Humber  is  derived  from  the  erosion  of  the  cliffs  on  the  Yorkshire  coast,  and  the 
object  of  the  paper  is  to  show  that  it  is  physically  impossible  for  the  detritus 
eroded  from  those  clifl's  to  be  carried  into  the  Humber,  and  that  the  material  in 
suspension  in  the  water  is  derived  from  detritus  washed  off  the  land  drained  by 
the  Humber  and  its  tributaries  or  eroded  from  their  banks. 

The  drainage  basin  of  the  Humber  covers  10,600  square  miles,  and  embraces 
strata  of  various  kinds  of  rocks,  including  estuarine  deposits,  glacial  drifts,  chalk, 
sandstone,  and  oolites. 

The  water  in  the  zone  extending  around  the  junction  of  the  Trent  and  the 
Ouse  with  the  Humber,  extending  over  a  length  of  thirty-five  miles,  is  veiy 
highly  charged  with  solid  matter  in  suspension,  the  maximum  quantity  being 
attained  in  the  summer,  when  the  downward  flow  of  the  fresh  water  is  at  a 
minimum,  the  quantity  then  in  suspendon  amounting  to  as  much  as  2,240  grainff, 
or  nearly  the  tnird  in  a  cubic  foot  of  wat^r.    Above  and  below  this  zone  the 
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quanUty  diminishes  to  262  grains  up  the  river  Trent  and  202  grains  near  the 
Albert  Dock  at  Hull,  while  off  Spurn,  at  the  entrance  to  the  river,  there  is  no  mud 
in  suspension,  but  only  a  few  grains  of  clean  sand.  The  floor  of  the  North  Sea  at 
the  entrance  is  covered  with  clean  sand  and  shells,  the  beach  up  to  Grimsby  also 
being  covered  with  sandl 

The  solid  matter  in  suspendon  is  derived  from  the  detritus  washed  off  the  land 
and  poured  into  the  river  when  freshets  occur,  or  from  the  erosion  of  the  banks 
of  the  river  and  its  tributaries.  The  greater  quantity  that  prevails  in  the  more 
turbid  zone  is  due  to  the  material  being  kept  in  a  state  of  oscillation  by  the  ebb 
and  flow  of  the  tides  when  the  quantity  of  fresh  water  flowing  down  is  not  suf- 
ficient to  carry  it  out  to  sea. 

The  average  quantity  of  solid  matter  contained  in  thirteen  other  English  rivers 
when  in  flood  is  200  grains  in  a  cubic  foot.  The  average  rainfall  within  the 
watershed  of  the  H umber  is  29*60  inches,  of  which  10  inches  may  be  taken  as  the 
quantity  due  to  such  rains  as  produce  freshets.  With  these  figures  the  normal 
total  quantity  of  solid  matter  placed  in  suspension  in  floods  may  be  put  at  three 
million  tons  m  a  year.  A  ^rtion  of  this  is  carried  out  to  sea  in  heavy  freshets 
and  the  rest  remains  in  the  river  in  a  state  of  oscillation. 

The  tendency  in  all  rivers,  whether  fresh  or  tidal,  is  for  material  to  work  down- 
ward under  the  laws  of  gravity.  The  same  quantity  of  tidal  water  that  flows  into 
the  river  has  to  flow  out  a^pain,  but  its  capacity  for  transporting  material  down- 
wards is  reinforced  by  the  discharge  of  the  fresh  water. 

The  flood  current  in  the  Humber  runs  at  the  rate  of  four  miles  an  hour,  and 
ita  duration  varies  from  six  hours  at  Spurn  to  two  and  a  half  at  Qoole.  It  may 
be  taken,  therefore,  that  a  particle  of  solid  matter  entering  the  Humber  at  Spurn 
Point  would  not  be  carried  by  the  flood  tide  more  than  20  miles  up  the  river,  or 
25  miles  below  the  point  where  the  greatest  amount  of  solid  matter  is  held  in 
suspension.     On  the  turn  of  the  tide  it  would  be  carried  back  again. 

Allowing  for  the  greater  time  the  ebb  current  is  running  above  the  junction  of 
the  rivers,  as  compared  with  the  flood,  the  material  carried  down  on  the  ebb  is 
78  per  cent,  greater  than  that  carried  up  on  the  flood. 

Taking  the  length  of  the  Holdemess  Cliffs  as  Si  miles,  the  average  height  at 
12  yards,  and  the  mean  annual  loss  at  2^  yards,  the  mean  quantity  faUing  on  the 
beach  is  about  IJ  million  cubic  yards  a  year,  of  w^hich  about  40  per  cent,  consists 
of  stones,  gravel,  and  coarse  sand,  leaving  less  than  a  million  cubic  yards  to  be 
washed  away.  The  foot  of  the  cliffs  is  only  reached  for  about  four  hours  at  high 
water  of  spnngs,  that  is,  by  260  tides  in  a  year,  the  average  quantity  of  alluvial 
matter  for  eacn  tide  being  3,728  cubic  yaids. 

The  drift  of  the  tidal  current  towards  the  Humber  lasts  3^  hours,  and  runs  at  a 
velocity  of  2i  miles  an  hour ;  the  greatest  distance  a  particle  of  solid  matter  put  in 
suspension  at  the  point  of  mean  distance,  20  miles  from  the  Humber,  could  be 
carried  southward  is  8}  miles;  when  this  distance  is  reached  the  tide  would  turn 
and  the  particle  would  be  carried  northward  for  10  miles,  or  28  miles  away  from 
the  Humber. 

It  is,  however,  quite  improbable  that  a  particle  of  matter  placed  in  suspension 
at  the  foot  of  the  cliffs  could  ever  reach  the  main  current  gomg  to  the  Humber. 
Owing  to  the  Yorkshire  coast  being  in  an  embayment  the  main  tidal  current  does 
not  approach  nearer  the  coast  than  the  6- fathom  line,  or  a  mile  away  from  the 
coast.  The  current  of  the  flowing  tide  sets  into  the  embayment  towards  the  coast. 
Even  if  a  particle  from  the  cliffs  could  overcome  this  shoreward  set  and  traverse 
the  water  contained  in  this  mile  of  water  in  an  opposite  direction,  so  as  to  be 
brought  into  the  main  southerly-going  current,  the  quantity  of  solid  matter 
brought  into  suspension  would  only  be  sufficient  to  supply  one  grain  to  14,000  cubic 
feet  of  water. 

It  is  evident  from  the  above  facts  that  it  is  not  possible  for  the  detritus  from 
the  Yorkshire  coast  to  reach,  much  more  to  be  carried  up,  the  Humber. 
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9.  On  the  Alterations  of  the  Lias  Shale  by  tlie    Whin  Dyke  of  Great 
AytoUf  in  Yorkshire.     By  George  Barrow. 

[Communicated  by  permission  of  the  Director  of  the  Geological  Survey.] 

The  examination  of  the  least  altered  portion  of  the  rocks  of  the  Highland 
sorieH  in  the  area  between  Blairgowrie  (bridge  of  Cally)  and  Stonehaven  has 
shown  that  the  grits  are  composed  of  practically  unaltered  grains  or  small  pebbles 
of  quartz  and  oligoclase  felspar  set  m  a  matrix  of  an  unusual  character,  and 
difficult  to  understand,  as  all  traces  of  clastic  micas  have  been  obliterated  from 
it.  It  occurred  to  the  author  that  this  was  due  to  heat  action,  and  to  test  this 
point  slices  of  baked  Lias  shale  were  prepared,  the  specimens  being  taken  from 
the  edge  of  the  well-known  Cleveland  Dyke  at  Great  Ay  ton.  At  six  inches 
from  the  edge  of  the  dyke  the  clastic  micas  are  large  and  abundant,  but  at  the 
contact  they  are  entirely  digested,  and  material  like  the  matrix  of  the  Highland 
grit  is  produced.  The  minute  pebbles  are  not  affected  in  any  way,  and  retun 
their  original  form,  size,  and  optical  properties.  It  is  thus  shown  that  in 
entering  the  Highland  area  we  begin  with  rocks  which,  though  little  altered,  owe 
that  alteration  entirely  to  heat  action. 


10.  On  Cairngorms,    By  E.  H.  Cunningham  Craig,  B,A. 

The  search  for  these  crystals  was  formerly  a  very  profitable  industry  in  the 
districts  contiguous  to  the  great  granite  masses,  but  it  has  now  been  practically 
abandoned.  The  cairngorms  were  obtained  by  digging  shallow  pits  and  trenches 
in  the  decomposed  granite  and  debris  which  covers  most  of  the  flat  hill-tops,  and  also 
appears  in  many  of  the  corries.  The  presence  of  vein-quartz,  muscovite,  lam  crystals 
of  orthoclase  and  graphic  intergrowths  of  quartz  and  felspar  in  the  loose  debris  have 
been  recognised  as  mdications  of  the  existence  of  the  cairngorm-bearing  veins. 
Examination  of  the  cliff  sections  in  the  deep  corries  reveals  the  presence  of  vertical 
or  highly  inclined  veins  of  iine  granite  intruded  in  the  coarser  surrounding  rock. 
These  veins  are  more  acid  than  the  normal  granite,  and  contain  drusy  central  zones 
in  which  the  crystallisation  is  coarse.  These  central  zones  are  characterised  by 
the  presence  of  graphic  intergrowths,  muscovite  plates,  and,  where  the  druses  are 
sufficiently  large,  idiomorphic  crystals  of  orthoclase  and  more  or  less  smoky  quartz. 

Beryl  is  also  present  in  some  cases. 

These  idiomorphic  quartzes  are  the  cairngorms,  but  are  only  yaloable  whea 
large  and  well  coloured. 

The  veins  probably  represent  the  intrusion  of  more  highljr  differentiated 
material  from  the  underlying  magma  into  fissures  due  to  contraction  on  cooling, 
while  the  druses  have  probably  a  similar  origin,  and  have  been  filled  with  highly 
acid  solutions  from  which  the  crystallisation  took  place. 


11.  On  tJie  Circulation  of  Salt  and  its  Geological  Bearings,^ 
By  William  Ackroyd,  F.I.C,^  Public  Analyst  for  Halifax. 

During  storms  salt  is  driven  from  the  sea  far  on  to  the  land,  is  dissolved  by 
rains  and  carried  back  to  the  sea ;  in  calm  times  the  phenomenon  is  also  in  progress. 
Various  computations  have  been  made  of  the  amount  of  salt  deposited  on  the  land 
in  this  manner  from  24*59  lb.  per  acre  per  year  at  Kothamsted  to  641  lb.  at 
Pennicuick.  The  writer  estimates  that  during  1900-1901  there  wasl72*3  lb.  per 
acre  per  year  deposited  on  the  Pennine  Hills,  nearly  midway  between  the  Irish  Sea 
and  the  German  Ocean,  at  an  altitude  of  over  1,000  feet  alJove  sea-level.- 

It  is  shown  that  for  the  Millstone  Grit  and  the  limestone  districts  of  Yorkshire, 

^  Published  in  full  in  the  Geological  Magazine^  December  4,  vol.  viii.  p.  445. 
October  1901. 

*  Ackroyd,  *  Researches  on  Moorland  Watcis,*  Pt.  II.,  Journ.  Ckem,  Soc.,  vol.  xxix. 
p.  674. 
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as  well  as  for  a  belt  of  American  coast  some  200  miles  broad ,  this  cyclic  sea-salt 
forms  fully  09  per  cent,  of  what  is  carried  to  the  seas  by  the  rivers.  Professor 
Joly,  in  his  estimate  of  the  age  of  the  earth,  only  allows  10  per  cent. 

A  study  of  the  phenomenon  is  also  of  importance  in  attempts  to  apportion  the 
causes  of  the  saltness  of  inland  lakes  and  salt  hills,  which  may  be  due  to :  (1)  salt 
transported  from  a  contemporary  aea,  or  (2)  salt  derived  from  solvent  denudation, 
or  (3)  to  varying  degrees  ot  these  two  influences.  Reasons  are  given  for  regarding 
the  saltness  of  the  Dead  Sen  as  being  largely  due  to  the  first  cause,  and  of  the 
Caspian  to  the  second. 


12.  Notes  on  the  Occurrence  of  Phospltatic  Nodules  and  Phosphate-bearing 
Hock  in  tli^  Upper  Carboniferous  Limestone  (  Yoredale)  Series  of  the 
West  Riding  of  Yorkshire  and  Westmorland  Border,  ByJoHV  Rhodes, 
of  tlie  Geological  Survey, 

By  kind  permission  of  the  British  Association  Committee  on  Carboniferous 
Zones  I  am  enabled  to  announce  the  discovery  of  phosphatic  nodules  and  of  a  rock 
having  a  phosphatic  matrix  in  the  Yoredale  rocks  of  the  following  localities : — 

Phosphatic  Nodules.    Far  Cote  Gillj  Hast  Slope  of  Swarth  Felly  Westnwrland. 

These  nodules  occur  alonpr  with  ironstone  septaria  in  blue  shales  which  rest  on 
the  top  silicious  beds  of  the  Underset  Limestone. 

The  nodules  are  confined  to  the  lower  5  feet  of  the  shales,  and  are  more 
numerous  in  the  lower  half  than  in  the  upper  half. 

In  same  gill,  and  resting  on  the  chert  of  the  Little  Limestone,  there  is  a  layer, 
*5  inches  in  thickness,  containing  phosphatic  nodules  embedded  in  a  fine  clayey 
matrix.  It  is  sprinkled  throughout  with  glauconite  grains  and  angular  chips  of 
quartz,  and  is  overlaid  by  ironstone  shales. 

At  the  same  horizon  as  above,  but  2\  miles  to  the  S.E.,  there  occurs  in  a  gill 
that  runs  from  Lambfold  Crags  to  Lunds  Church,  2  miles  W.  of  N.  of  Ilawes 
Junction,  a  layer  of  rock,  3  inches  in  thickness,  with  a  phosphatic  matrix 
throughout.  This  layer,  which  has  a  crust  of  brown  iron  ore,  is  rich  in  glauconite 
and  quartz  grains,  and  also  contains  fragments  of  conodonts,  &c. 

Phosphatic  Nodules.     Goodham  Gill,  Fast  Slope  of  Swarth  Fell,  2  miles  N  W, 
of  Halves  Junction,  Yorkshire. 

The  phosphatic  nodules  at  this  locality  occur  throughout  a  limestone  which 
varies  in  thickness  from  3  to  C  inches.  This  layer  is  underlaid  and  overlaid  by 
shale  in  more  or  less  rotten  condition. 

The  horizon  is  doubtful,  but  it  appears  to  be  about  170  feet  over  the  Little 
Limestone. 

From  the  upper  surface  of  the  top  bed  of  the  Crow  Limestone,  Cartmere  Gill, 
East  Baugh  Fell,  Qrisdale,  2 J  miles  W.N. W.  of  Ilawes  Junction,  I  have  obtained 
a  solitary  example  of  a  phosphatic  nodule. 

The  phosphatic  nodules  and  phosphatic  matrix  examined  show  sponge  spicules, 
but  these  are  for  the  most  part  fragmentary  :  some  are  of  crypto-crystalline  silica, 
some  replaced  by  calcite,  whilst  the  axial  canals  are  often  filled  with  the  same 
phosphatic  material  as  the  matrix. 

The  spicules  are  referred  to  hexactinellid  and  to  monactinellid  sponges. 

I  am  very  much  indebted  to  Dr.  G.  J.  Hinde  for  notes  on  the  sponge  remains, 
and  also  to  Dr.  W.  Pollard  for  testing  the  phosphates. 
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13.  Note  on  the  Discovery  of  a  Silicified  Plant  Seam  beneath  the  MilUtone 
Grit  ofSwarth  Fell,  West  Hiding  of  Yorkshire.  By  John  Bhodbs, 
oftlie  Geological  Survey. 

By  kind  permission  of  the  British  Association  Committee  on  Carboniferoas 
Zones  I  am  enabled  to  record  the  discovery  of  a  silicified  plant  seam  beneath  the 
Millstone  Grit  at  Swarth  Fell,  and  two  mdes  N.W.  of  Hawes  Junction. 

The  exact  geological  position  of  the  overlying  strata  is  doubtful,  but  appa- 
rently they  occupy  the  horizon  of  the  grindstone  or  ganister  of  the  district. 

At  this  particular  place,  however,  the  grindstone  or  ganist^er  is  absent,  and  its 
place  is  taken  by  flaggy  silicious  limestones  with  marine  shells  and  by  a  bed  of 
highlj-  silicious  grit  with  plant  remains,  the  latter  resting  more  or  less  directly  on 
the  silicified  phmt  seam. 

Chert  occurs,  probably  as  lenticles  in  the  uneven  surface  of  the  seam,  and  con- 
tains a  mass  of  detached  silicious  sponge  spicules,  apparently  rod-like  bodies,  which 
may  belong  to  the  anchoring  ropes  of  hexactineUia  sponges.  In  the  same  chert 
are  included  fragments  of  silicified  plant  remains  beautifully  preserved. 

In  the  plant  seam  included  pebbles  of  silicious  grit  occur,  which  contain  a  few 
spicules  similar  to  those  in  the  chert,  and  also  plant  remains.  The  plant  seam 
rests  on  a  layer  of  silicified  shale  containing  a  few  fragmentary  sponge  spicules, 
mostly  rod-like  forms,  one  piece  belonging  to  an  hexactinellid  sponge.  The  beds 
below  are  more  or  less  rotted  clay  shales  with  ironstones  nodules. 

I  am  indebted  to  Dr.  G.  J.  Hinde  for  notes  on  the  sponge  remains  directly 
associated  with  the  plant  seam.  The  plants  have  not  been  determined,  but  have 
been  placed  in  the  hands  of  R.  Kidston,  Esq.,  Stirling. 


WEDNESDAY,  SEPTEMBER  18. 

The  following  Papers  and  Reports  were  read : — 

1.    On   the  Bone-beds  of  Pikei*m%  Attica^  and  on  Similar  Deposits  in 
Northern  Euboea.    By  A.  Smith  Woodward,  LL,D.,  F.JR.S. 

At  the  suggestion  of  the  British  Minister  at  Athens,  Sir  Edwin  H.  Egertoo, 
K.C.B.,  the  Trustees  of  the  British  Museum  recently  undertook  a  series  of  exca- 
vations in  the  well-known  bone-beds  of  Pikermi  in  Attica,  and  I  was  honoured  by 
being  entrusted  with  the  supervision  of  the  work.  The  owner  of  the  estate,  Mr. 
Alexander  Skous^,  former  Minister  of  War,  most  cordially  assented,  and  gave 
every  possible  facility  for  the  undertaking ;  while  Sir  Edwin  Egerton's  unflagging 
interest  and  zeal  combined  to  ensure  the  greatest  success.  My  wife  and  I  went 
into  residence  at  the  farm  early  in  April,  and  we  continued  to  occupy  the  simple 
but  comfortable  room  which  Mr.  Skous^s  had  kindly  placed  at  our  disposal  imtil 
the  cessation  of  digging  in  the  middle  of  July. 

During  much  of  the  time  we  were  accompanied  by  Dr.  Theodore  Skouphoe, 
Conservator  of  the  Geological  Museum  of  the  University  of  Athens,  which  claims 
some  share  of  the  results  of  all  such  excavations  made  in  Greece.  We  have  to 
thank  him  for  much  help  in  dealing  with  the  workmen,  who  spoke  only  a  language 
with  which  I  was  at  first  unfamiliar. 

The  bones  are  occasionally  exposed  by  the  small  stream  in  the  ravine  of 
Pikermi,  and  they  seem  to  have  been  first  olwerved  by  the  English  archaeologist, 
George  Finlay,  who  presented  some  to  the  Athens  Museum  in  1835.  Three  years 
later  a  Bavarian  soldier  took  a  few  specimens  to  Munich,  where  Pikermi  and  its 
fossils  were  first  brought  to  the  notice  of  the  scientific  world  by  Professor  Andreas 
Wagner.  Within  the  next  decade  more  bones  were  sent  to  Munich  by  Linder- 
mayer  and  described  by  Wagner  j  while  during  the  winter  of  1852-63  tne  young 
Bavarian  naturalist  Roth  made  the  great  collection  which  was  described  b^ 
himself  and  Wagner  in  1854,  and  still  constitutes  one  of  the  chief  treasures  of  the 
Munich  Old  Academy.    About  the  same  time  Choeretis  presented  a  few  specimois 
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to  the  Paris  Museum  ;  while  the  late  Professor  Mitzopoulos — uncle  of  the  present 
distinjruished  Rector  of  the  University  of  Athens — made  a  valuable  and  extensive 
collection  for  the  Athens  Museum,  which  seems  to  have  remained  unnoticed  until 
1883,  when  the  late  Professor  Dames,  of  Berlin,  studied  it  and  wrote  a  brief 
account  of  some  unique  specimens  contained  in  it.  By  far  the  most  important  exca- 
vations hitherto  made  at  Pikermi,  however,  are  those  which  were  undertaken  by 
Professor  Albert  Gaudry,  under  the  auspices  of  the  Paris  Academy  of  Sciences, 
between  1855  and  1860.  These  researches  made  known  nearly  all  the  essential 
fiacts  concerning  the  extinct  mammalian  £Eiuna  entombed  in  the  Pikermi  formation, 
and  led  to  several  brilliant  generalisations  first  published  in  Professor  Gaudry*s 
well-known  work  on  the  geology  and  fossils  of  Attica  in  1862.  During  the  last 
forty  years  only  insignificant  digginf^  have  been  attempted,  among  them  being  those 
of  the  late  Professors  Neumayr,  of  Vienna,  and  Dames,  of  Berlin. 

Owing  to  the  permanent  mark  left  by  former  excavations  it  was  easy  to  choose 
sites  for  tne  new  exnlorations  of  the  British  Museum.  Three  pits  dug  in  continua- 
tion of  former  worKings  soon  yielded  bones,  and  eventually  furnished  a  very 
extensive  collection.  Two  trial  pits  at  other  points  and  in  slightly  different 
horizons  produced  nothing  except  two  decayed  bone-fragments.  Water  still 
occurs  even  in  dry  weather  a  little  beneath  the  bed  of  the  stream ;  but  the 
difficulties  from  this  source  are  now  much  less  than  formerly  owing  to  Mr.  Skous^' 
system  of  irrigation,  by  which  the  flowing  stream  of  the  ravine  is  usually  diverted 
at  a  point  high  np  in  its  course. 

Tne  Pikermi  formation  has  already  been  well  described  by  Professor  Gaudry. 
It  consists  chiefly  of  red  marl,  varied  with  lenticular  masses  of  roimded  pebbles  and 
occasional  yellowish  sandy  layers.  Some  of  the  pebble-beds  are  cemented  into 
hard  conglomerate.  The  materials  are  such  as  might  have  been  derived  from  the 
mountain  mass  of  Pentelicon,  which  forms  the  neighbouring  high  ground,  the 
marl  itself  being  apparently  the  detritus  of  marble  or  other  csdcareous  rock.  The 
formation  is  of  great  extent  in  Attica,  and  has  only  attracted  special  notice  at 
Pikermi  because  a  stream  happens  to  have  cut  a  deep  ravine  through  it  and 
exposed  fine  sections  of  the  beds. 

As  already  observed  by  Professor  Graudry,  the  bones  at  Pikermi  occur  in  two 
definite  horizons,  those  in  the  lower  bed  being  less  fragile  and  better  preserved 
than  those  in  the  upper  bed.  In  two  of  our  new  pits,  where  the  upper  horizon  is 
well  exposed,  it  is  subdivided  into  two  distinct  layers  by  a  nearly  barren  deposit  of 
marl  from  30  to  45  cm.  in  thickness.  The  rotten  nature  of  the  bones  is  partly  due 
to  their  having  been  close  to  or  at  the  surface  and  eroded  by  the  present  stream 
before  beine  covered  by  the  three  or  four  metres  of  superficial  gravel  which  now 

? reserves  them.  The  bones  are  also  broken  by  the  penetrating  rootlets  of  trees, 
'he  lower  horizon  is  at  a  depth  varying  from  one  to  two  metres  below  the  npper 
horizon,  and  thus  secure  from  destruction  by  surface  agencies.  Like  each  of  the 
two  upper  bone  beds,  it  is  rarely  more  than  80  cm.  in  thickness;  while  the  marl 
above  and  below  it  is  almost  destitute  of  bones,  rarely  yielding  more  than  rotten 
fragments,  but  quite  prolific  in  scattered  land  and  fresh-water  shells.  The  deepest 
excavations  beneath  the  lower  bone-bed  descended  for  about  three  and  a  half 
metres  and  furnished  the  bone-fragments  and  shells  throughout. 

So  far  as  can  be  judged  at  present  from  the  new  excavations,  the  three  bone- 
beds  of  Pikermi  are  all  of  the  same  nature  and  contain  the  same  mammalian 
remains.  The  bones  are  massed  together  in  inextricable  confusion,  and  are  often 
mixed  with  a  few  pebbles.  Large  and  small  bones,  whole  specimens  and  splintered 
fragments,  all  occur  together ;  but  the  small  bones  are  usually  most  numerous  at 
the  bottom  of  the  layer.  Several  specimens  of  approximately  the  same  shape 
and  size  are  often  met  with  in  groups,  as  if  they  had  been  sorted  by  water  m 
motion.  On  one  occasion,  for  example,  the  scattered  remains  of  many  gazelles 
were  found  together;  in  another  spot  there  were  several  skulls  of  Tragocerat 
in  one  mass;  in  other  cases  nearly  all  the  bones  belonged  to  limbs  of 
Hipparion ;  while  one  area  was  specially  characterised  by  pieces  of  vertebral 
colunm  of  ruminants  and  Hipparion,  The  elongated  bones  and  elongated  groups, 
however,  were  ntrer  obierved  to  trend  in  one  definite  direction,  but  were  always 
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disposed  quite  irregularly,  thus  indicating  that  in  the  region  where  the  bones 
eventually  accumidated  the  water  by  which  they  had  been  transported  either 
l)ecame  still  or  moved  only  in  gentle  eddies. 

Very  few  nearly  complete  skeletons  occur,  ond  even  when  chains  of  vertebne 
are  preserved  most  of  the  ribs  are  lacking.  The  only  approximately  complete 
skeletons  observed  during  the  recent  excavations  were  those  of  some  OamiTora 
{Ictitherium^  Metarctos,  and  Macharodtis).  It  is,  however,  obvious  that  many  of 
the  bones  were  still  held  together  by  ligaments  at  the  time  when  they  were 
buried,  for  numerous  complete  feet  and  nearly  complete  limbe  are  found  with  all 
the  bones  in  their  natural  position.  It  is  also  to  be  noted  that  in  most  cases  these 
limbs  are  sharply  bent,  so  that  the  two  or  three  segments  are  almost  p&raUel,  as  if 
they  had  retained  the  contraction  assumed  at  death.  Some  decomposition  of  the 
soft  parts  had  already  taken  place  even  in  these  instances;  for  a  few  of  the 
phalanges  of  the  hipparions  and  ruminants  are  often  wanting  when  the  other  bones 
of  the  limb  are  still  in  their  natural  association,  while  the  phalanges  of  the 
rhinoceros-feet  seem  to  be  always  lost,  though  the  three  associated  metapodials  are 
quite  common.  Similarly,  the  loosely  articulated  mandible  of  the  Ungnlata  is 
nearly  always  removed  from  the  skull ;  it  is  only  commonly  preserved  in  place  in 
the  Oamivora  and  Quadrumana. 

The  majority  of  the  bones  are  quite  isolated,  and  most  of  the  skulls  of  the 
antelopes  are  so  much  broken  that  only  the  frontlets  with  horn-cores  remain.  A 
large  proportion  of  the  limb-bones  are  also  sharply  fractured,  some  having 
completely  lost  both  extremities ;  and  small  pointed  splinters  of  bone — apparently 
most  of  Bhinooeros — are  often  very  numerous.  Some  of  the  breaking  must  have 
taken  place  before  the  soft  parts  had  entirely  decayed,  as  is  shown  by  certain  feet 
of  Rhinoceros  and  many  limbs  of  Hipparion  and  antelopes.  In  a  few  cases  I 
found  the  three  associated  metapodials  of  Rhinoceros  with  the  distal  ends  as 
sharply  removed  as  if  they  had  been  cut  off  with  one  blow  of  a  hatchet  In 
several  instances  I  carefully  extracted  the  nearly  complete  hind  limbs  of 
Hipparion  from  the  soft  marl,  and  in  all  except  one  I  found  that  the  tibia  ended 
abruptly  in  a  sharp,  oblique  fracture  at  its  middle,  with  no  trace  of  the  proximal 
end  of  this  bone  or  of  the  femur.  Moreover,  nearly  all  the  isolated  tibiae 
of  Hipparion  were  similarly  fractured;  while  among  about  fifty  examples  of 
humerus  of  the  same  animal  only  three  complete  specimens  were  found,  all  the 
others  being  sharply  broken  at  t&e  weakest  point  of  the  shaft.  It  is  therefore 
evident  that  the  limbs  were  often  torn  from  the  trunk  by  a  sharp  break  at  their 
weakest  point  before  the  decomposition  of  the  soft  parts  had  proceeded  far  enough 
to  destroy  the  ligaments. 

The  new  researches  make  scarcely  any  additions  to  the  known  fauna  of  the 
Pikermi  bone-beds,  and  confirm  Professor  Gaudry's  statement  that  the  smaller 
rodents,  insectivores,  and  bats  are  absent.  The  only  striking  discovery  consists 
in  fragmentary  evidence  of  a  gigantic  tortoise,  at  least  as  large  as  the  largest 
hitherto  found  in  Europe.  Alany  specimens,  however,  afibrd  important  new 
information  concerning  the  species  already  described.  Notable  among  these  are  a 
fewportions  of  skull  and  a  mandible  of  PHoht/rax,  a  skull  of  Samotherium,  a  skull 
of  Hystrix  primigeniOf  and  the  greater  part  of  a  skeleton  of  Metarctos,  Remains 
of  Hipparion  are  the  most  abundant  fossils,  and  the  new  series  of  specimens 
illustrates  variations  and  growth-stages  more  satisfactorily  than  any  collection 
hitherto  made.  Isolated  bones  and  skulls  of  Rhinoceros  are  also  common ;  and 
antelope-remains  occur  everywhere  in  great  profusion.  limb-bones  of  Giraffid» 
are  found  abundantly  in  the  lower  bone-bed.  Mastodon  is  rarer ;  but  two  small 
skulls  were  obtdned  from  the  new  excavations,  and  several  very  large  limb-bones 
were  found.  Among  Camivora  Ictitherium  is  the  commonest  iorm ;  but  remains 
of  Hyojia  are  not  infrequent,  and  evidence  of  four  individuals  of  Macharodus  was 
discovered  during  the  present  diggings.  Ooprolites  of  some  bone-feeding 
Carnivore,  probably  Hu<Bna,  also  occur.  Skulls  and  other  portions  of  Mesopithecus 
are  frequently  met  with.  The  shells  of  the  small  Testudo  marmorttm  are  some- 
times complete,  but  always  lack  the  skull  and  other  bones  of  the  skeleton.  The 
Chelonian  shells  themselves  are,  indeed,  more  frequently  broken  and  disintegrated; 
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and  a  large  proportion  of  the  bone  fragments  discoTered  between  and  below  the 
bone-beds  are  recognisable  as  pieces  of  them.  It  is  noteworthy  that  a  good 
specimen  of  Testudo  marmorum  was  found  in  the  marl  between  the  upper  and 
lower  bone-beds  in  one  pit ;  and  a  small  undetermined  snake  was  discovered  in 
a  similar  position  in  another  pit. 

While  the  excavation  of  these  fossils  was  in  progress  at  Pikermi,  Mr.  Frank  Noel, 
of  Achmet  Aga  in  Northern  Eubcea,  accompanied  Sir  Edwin  Egerton  on  one  of 
his  visits.  He  recognised  that  the  Pikermi  marls  were  similar  to  some  containing 
fossil  bones  on  his  own  estate.  He  also  perceived  the  identity  of  the  remains  of 
Hipparion  at  Pikermi  with  the  commonest  fossil  bones  with  which  he  was  familiar 
at  Achmet  Aga.  Many  years  ago  he  had  sent  some  of  these  bones  to  the  Athens 
Museum,  but  they  seem  to  have  been  lost  and  had  never  received  any  attention 
from  the  Greek  naturalists.  He  therefore  invited  the  British  Museum  to  examine 
the  discovery  on*  his  estate  and  decide  whether  or  not  the  extinct  Pikermi  fauna 
was  there  represented. 

A  brief  visit  to  the  locality  where  the  bones  occur,  near  Achmet  Aga,  sufficed 
to  confirm  Mr.  Noel's  anticipations.  The  interesting  spot  is  in  a  deep  ravine  on  the 
steep  slope  just  below  the  village  of  Drazi  at  an  elevation  of  nearly  200  metres 
above  the  sea  level.  The  torrent  has  cut  through  a  thick  deposit  of  red  indurated 
marl  much  like  that  of  Pikermi,  and  bones  are  noticeable  in  the  section  at  many 
points.  Three  days*  digging  at  one  place  revealed  two  bone-beds  separated  by  a 
thin  layer  of  marl.  The  bones  seem  to  be  as  abundant  and  varied  as  those  at 
Pikermi,  and  they  exhibit  exactly  the  same  features.  Hipparion  is  again  the 
commonest  fossil,  and  mingled  with  the  complete  bones  are  splintered  fragments 
Land  and  fresh-water  shells  also  occur  in  great  abundance,  especially  a  species  ol 
Planorlns, 

Nearly  all  the  bones  discovered  during  this  brief  visit  were  too  rotten  for 
preservation ;  but  the  weathered  face  of  the  section  alone  was  explored,  and  the 
fossils  would  doubtless  be  found  in  good  condition  further  inwards.  Among  them 
could  be  recognised,  besides  the  innumerable  remains  of  Hipparion,  parts  of  a 
skuU  and  tibia  of  Rhinoceros,  a  frontlet  of  Gazella  brevicomis^  jaws  of  a  small 
ruminant,  a  large  ruminant  metapodial  (probably  Samotherium),  part  of  a  skull 
and  mandible  of  Ictitherium,  and  some  small  carnivore  vertebrre.  There  was  also 
part  of  the  skull  of  a  small  species  of  Orycteropus,  which  I  was  able  to  preserve 
and  bring  for  comparison  with  the  skull  of  the  same  genus  from  Samos  now  in  the 
British  Museum. 

From  these  observations  it  is  evident  that  the  Pikenni  bone-beds  are  not  merely 
a  local  accident,  but  are  due  to  some  widespread  phenomena.  The  two  localities 
described  are  about  sixty  miles  apart,  and  seem  to  be  situated  in  two  distinct  Tertiary 
basins  separated  by  a  barrier  of  Cretaceous  limestones  and  earlier  rocks.  "What- 
ever the  catastrophe  may  have  been  by  which  the  animals  were  suddenly 
destroyed,  it  clearljr  happened  in  both  places  at  least  twice  if  not  three  times 
within  a  comparatively  short  period.  The  powerful  force  which  broke  up  and 
transported  the  bodies  before  they  had  completely  decomposed  was  probably  the 
same  in  each  case ;  while  the  final  resting  place  of  the  bones  both  at  Pikermi  and 
Drazi  must  have  been  beneath  comparatively  tranquil  water  where  they  could  be 
quickly  buried  in  mud.  The  absence  of  all  trace  of  vegetable  matter  is  curious ; 
but  the  most  plausible  explanation  of  the  broken  limbs  and  torn  portions  of  trunks 
seems  to  be  that  the  bodies  were  hurried  by  torrential  floods  through  thickets  or 
tree-obstructed  watercourses  before  they  reached  the  lakes  in  which  they  finally 
rested.  Accompanying  stones  in  rapid  motion  may  account  for  some  of  the  bone- 
fragments. 

2.  The  Fayum  Depression :  A  Preliminary  Notice  of  the  Geology  of  a 
District  in  Egypt  containing  a  New  Pahrogene  Vertebrate  Fauna, 
By  Hugh  J.  L.  Beadnell,  F.G.S.y  F.HM.S.,  of  the  Geological  Survey 
of  Mgypt. 

The  Fayum  is  a  large  circular  depression  in  the  Libyan  Desert,  some  fifty 
miles  south-west  of  Cairo.      The  lower  part — an  area  of  some   1,500  square 
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kilometres — is  occupied  by  a  large  lake,  the  Birket  el  Qurun,  and  an  inhabited 
cultivated  district,  irrigated  by  a  canal,  entering  the  depression  from  the  Nile 
Valley.  This  central  part  is  surrounded  by  an  arid  desert,  rising  by  a  series  of 
escarpments  to  varyinjr  heights,  thosa  on  the  north  side  attaining  an  elevation  of 
400  metres  above  the  lowest  part  of  the  depression.  The  depression  b  cut  out  in 
rocks  of  Eocene  and  Oligocene  age,  but  within  the  hollow  still  younger  deposits, 
of  Pliocene  and  Post-Pliocene  date,  are  found. 

The  lowest  beds  exposed  in  the  depression  are  the  clays,  marls,  and  limestones 
with  NammuUtes  gizehensis  of  Middle  Eocene  age.  These  are  succeeded  by  a 
group  of  marly  limestones  and  gypseous  clays  which  largely  underlie  the 
cultivated  alluvium  of  the  Fayum.  The  latter  are  followed  by  a  series  consisting 
of  clays,  sandstones,  and  calcareous  grits,  some  beds  of  which  are  characterised 
by  the  abundance  of  Operculina  and  small  nummulites.  This  last  group  is 
followed  by  the  uppermost  Eocene  marine  beds,  an  alternating  series  of  clays, 
sandstones,  and  limestones,  the  '  Carolia  beds'  (equivalent  to  the  upper 
Mokattam  of  Cairo),  characterised  by  an  abundant  invertebrate  and  vertebrate 
fauna. 

Above  the  Carolia  beds,  and  well  marked  off  from  them  both  litholog^cally 
and  palseontologically,  is  found  a  great  thickness  of  variegated  fluvio-marine 
sands,  sandstones,  clays,  and  marls,  divided  near  the  summit  by  one  or  mors 
intercalated  lava  sheets. 

The  beds  above  the  basalt  are  certainly  of  Oligocene  age,  and  probably  a  large 
part  of  those  below ;  but  the  basal  beds  appear  to  represent  the  Upper  £k>cene, 
there  bemg  evidently  a  perfectly  gradual  transition  from  Eocene  to  Oligoeene  in 
this  area. 

During  a  survev  of  the  area  in  1898  the  author  found  that  certain  strata  of  the 
series  were  veritable  '  bone  beds,*  being  crowded  in  places  with  the  remains  of 
crocodiles,  ribs  of  cetaceans,  fish  bones,  and  coprolites. 

In  May  1901  he  returned  to  the  district  with  the  special  object  of  re-examining 
and  more  carefully  searching  the  most  promising  beds,  and  on  this  expediUon 
he  was  accompanied  by  Dr.  C.  W.  Andrews,  of  the  British  Museum  (Natural 
History).  On  their  return  journey  to  Cairo  they  were  most  fortunate  in  crossirg 
the  Eocene  escarpments  at  a  point  where  a  considerable  number  of  marine  and 
terrestrial  vertebrate  remains  la^  exposed  on  the  surface  of  the  bone  beds,  and  a 
fortnight's  careful  work  resulted  in  an  unique  collection  of  entirely  new  mammals 
and  reptiles. 

A  preliminary  description  of  the  most  interesting  of  these  is  now  beintr 
published  by  Dr.  Andrews  in  the  '  Geological  Magazine,'  and  Capt  Lyons  intends 
to  issue  as  soon  as  possible  a  complete  survey  memoir  on  the  district  by  the 
author,  with  a  description  of  the  vertebrate  remains  by  Dr.  Andrews. 


3.  Report  on  the  Movements  of  Underground  Waters  of  N.W,  Yorkshire. 
See  Reports,  p.  337. 


4.  On  the  Physical  History' of  tlie  Norwegian  ^^(yrds. 
By  Professor  Edward  Hull,  M,A,,  LL,D.,  F.E,S,,  F.G,S. 

That  the  Norwegian  fjords  were  originally  river-valleys  is  a  statement  which 
scarcely  admits  of  controversy.  In  their  form,  outline,  and  topographical  position 
they  are  simply  prolongations  of  the  vaUeyo  which  descend  into  the  sea  partly 
submerged ;  and  if  the  land  were  still  further  submerged,  as  it  once  was  to  the  extent 
of  200  metres  according  to  Andr.  M.  Hansen,  the  fjords  would  be  prolonged 
beyond  their  present  inland  limits  without  much  variation  of  form. 

The  process  of  vallejr  erosion  by  rain  and  river  action  is  nowhere  in  Europe 
more  admirably  exemplified  than  in  Western  Norway,  and  the  process  may  oe 
supposed  to  have  been  iq  pperation  \n  the  early  formation  of  the  Qord  channels 
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themselves  before  the  epoch  of  submergence.  But  when  we  come  to  examine  the 
form  of  the  channeLs,  as  shown  by  the  soundings  marked  on  the  Admiralty 
charts,  we  find  ourselves  confronted  by  the  remarkable  fact  that  the  beds  of 
the  channels  descend  to  very  great  depths,  far  exceeding  those  of  the  outlets 
where  the  fjords  open  out  upon  the  floor  of  the  North  Sea.  Now  as  river  valleys 
must  necessarily  increase  in  depth  from  their  sources  to  their  outlets,  we  are  here 
brought  face  to  face  with  a  physical  problem  which  apparently  is  inconsistent 
with  our  view  of  the  original  character  of  these  channels  as  stated  above.  To 
the  solution  of  this  problem  we  must  now  shortly  apply  ourselves. 

2.  General  foryn  of  the  fjord-beds. — ^The  numerous  soundings  laid  down  on  the 
Admiralty  charts  of  1866  and  188(5  enable  us  to  determine  with  accuracy  the  form 
of  the  submerged  portions  of  the  Qords.  Using  these  soundings,  and  by  their  aid 
laying  down  the  isobathic  contours,  we  arrive  at  results  sufficiently  remarkable. 
In  the  case  of  the  Hardanger,  the  Feris,  the  Sogne,  the  Nord,  the  Vartdals,  and 
the  Stor  Fjords  with  their  branches  we  find  that  shortly  after  passiiu^  the  entrance 
from  the  outer  sea  and  the  ch(dn  of  islands  which  fringes  the  coast  oi  the  mainland 
they  rapidly  descend  to  great  depths,  which  are  continuous  for  long  distances 
inland,  and  then  gradually  become  shallower  toward  the  upper  limits,  where  they 
pass  into  river  valleys  characterised  by  terminal  moraines  of  ancient  glaciers^  or 
old  sea  terraces.  In  carrying  out  the  mapping  of  the  contours  the  author  has 
adopted  the  following  soundings : — 

(1)  Those  of  the  100-fathom  contour    (600  feet). 

(2)  „  „    200      „  „        (1,200  feet). 

(3)  „  „    400      „  „        (2,400  feet). 

(4)  „  „    600      „  „        (3,600  feet). 

The  floor  of  the  Sogne  Fjord  descends  to  even  ^eater  depths  than  the 
last  of  these,  viz ,  661  fathoms  (3,966  feet),  which  is  reached  in  the  case 
of  the  Sogne  Fjord  at  a  distance  of  about  26  miles  from  the  entrance.  At  the 
entrance  the  depth  seldom  exceeds  100  fathoms  (600  feet),  and  is  generally  less  ; 
but  once  the  deep  water  is  reached  there  is  little  change  of  level  for  long  distances. 
As  regards  the  cross-section  of  the  principal  fjords  a  glance  at  the  charts  shows 
that  they  retain  the  form  of  narrow  channels  with  little  variation  in  breadth, 
receiving  tributaries  on  either  hand  and  bounded  by  steep  or  precipitous  walls  of 
rock,  as  in  the  case  of  the  valleys,  of  which  they  are  only  prolongations  imder  the 
surface  of  the  sea. 

3.  When  endeavouring  to  account  for  the  peculiar  form  of  the  Qords  and  the 
depth  of  their  floors  over  the  central  portions  we  must  not  forget  that  these  old  river 
valleys  were  the  channels  of  great  glaciers  during  the  Post-Pliocene  or  Glacial 
period,  and  that  glacial  erosion  has  contributed  to  the  deepening  process.  Some 
Norwe^an  geologists,  such  as  Hansen,^  attribute  to  this  deepening  of  the  original 
channds  by  glacier  erosion  on  the  one  hand,  and  to  the  piling  up  of  enormous 
masses  of  moraine  matter  at  the  entrance  on  the  other,  the  great  disparity  of  the 
depth  of  the  Qords  at  the  inner  and  outer  stages  of  their  course.  To  the  latter 
cause  the  author  fully  assents ;  but  he  is  doubtful  whether  glacier  erosion  has 
had  the  effect  of  adding  many  hundreds  of  feet  to  the  depth  of  the  original  floor 
of  the  valleys.  But  leaving  this  question,  we  have  to  consider  a  second  problem  : 
hy  what  means  did  the  original  rivers  empty  theinselves  into  the  ocean  before  the 
Glacial  period,  when  there  was  neither  deepening  of  the  floor  by  glacial  erosion 
nor  shallowing  by  moraine  matter  ?  Previous  to  the  Glacial  epoch  the  rivers 
must,  in  the  author's  view,  have  entered  the  outer  ocean  through  channels  which 
cannot  now  be  clearly  traced  by  soundings  over  the  shallow  floor  of  the  North  Sea. 
At  the  same  time  it  is  certain  that  it  was  by  such  channels  that  they  reached  their 
ultimate  destination  in  the  Arctic  Ocean,  because  rivers  as  they  flow  seawards  must 
necessarily  descend  to  lower  levels.  This  being  so,  it  follows  that  the  channels 
do  actually  exist,  though  they  may  not  be  traceable  by  the  soundings  over  the  flow 

»  Xorrtay^  edited  by  Dr.  Sten  Konow  and  Karl  Fischer,  May  1900.  Translated 
by  J.  C.  Christie,  Miss  Muir,  aad  others. 
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of  the  comparatively  shallow  North  Sea,  and  we  have  to  consider  why  it  is 
that  they  are  untraceable. 

The  cause  appears  to  be  closely  connected  with  the  subsequent  submergence  in 
later  or  Post-Ulacial  times,  as  indicated  by  the  raised  beaches  and  terraces.* 
During;  this  epoch  the  glaciers  had  only  partially  disappeared  or  receded  from  the 
lower  valleys.  Great  quantities  of  mud,  sand,  gravel,  and  boulders  would  be 
carried  down  by  the  streams  and  distributed  by  floating  ice  over  the  sea-bed. 
By  such  material  the  whole  floor  of  the  North  Sea  has  been  overspread  to 
unknown  depths,  and  owing  to  the  agency  of  tides  and  currents  would  have  been 
swept  into  the  deep  channels  of  the  pre-existing  rivers.  The  author  is  convinced 
that  were  it  possible  to  strip  the  floor  of  the  North  Sea  of  its  sedimentary  cover- 
ing these  channels  would  be  found  traversing  the  floor  of  the  continental  platform, 
and  ultimately  opening  out  by  canon-like  channels  on  the  floor  of  the  Arctic  Ocean« 

The  phenomena  here  observed,  or  inferred,  have  their  representatives  along  the 
coasts  of  the  British  Isles  and  Western  Europe.  In  both  cases  there  is  the 
shallow  continental  platform,  terminating  in  a  deep  and  rapid  descent  to  the 
floor  of  ike  abyssal  ocean,  and  traversed  by  channels  of  ancient  rivers  traceable 
by  the  soundings  in  the  case  of  Western  Europe,  or  inferential  in  the  case  of 
Western  Scandinavia.  In  a  few  cases  these  cbannels  are  for  short  distances 
clearly  indicated  on  the  charts,  as,  for  example,  in  the  casd  of  the  BredsundDybet, 
which  is  a  prolongation  of  the  Stor  Fjord  out  to  sea,  between  the  islands  of  Godo 
and  Harejdo  in  lat.  62^  80^  with  a  general  depth  of  100  fathoms  below  the 
adjoining  floor  of  the  sea ;  and  there  are  a  few  other  similar  cases. 

QiUlin^  of  the  physical  history  of  the  fjords. — ^As  connected  with  the  past 
history  of  the  Norwegian  Qords  the  following  appear  to  be  the  most  important 
stages : — 

1st  (Earliest)  Period. — Continental  conditions ;  Archiean  rocks ;  river 
erosion  begins. 

2ud  Period. — Partial  submergence  in  early  Silurian  times. 

3rd  Period. — Elevation  of  land  during  Mesozoic  and  Tertiary  periods ;  further 
deepening  of  river  channels. 

•4th  Period. — Quaternary,  Early  Glacial ;  great  elevation  of  land  and 
ultimate  extension  of  snowiielda  and  glaciers.  Ice  filling  the  valleys  and  naoving 
out  to  sea. 

5th  Period. — Quaternary.  Post-Glacial ;  subsidence  and  partial  submergence 
of  land ;  retreat  of  the  glaciers.  Icebergs  and  rafts  covering  the  adjoining  sea. 
Amelioration  of  climate. 

6th  VQUodi.— Recent.  Ke-elevation  to  approximately  present  position  with 
regard  to  the  outer  ocean.    Formation  of  raised  beaches  (strand  linien). 

The  paper  concluded  with  a  comparison  between  the  above  physical  features 
as  they  occur  in  Norway  with  those  of  Scotland. 

5.  Chi  the  Origin  of  the  Gravel-flats  of  Surrey  and  Berkshire^ 
By  Horace  W.  Monckto.v,  F.L.S.y  V.PfJ.S, 

On  the  south  of  the  Thames  flat  expanses  of  gravel  are  largely  developed. 
They  lie  at  various  levels  from  BOO  feet  O.D.  at  Caesar^s  Camp,  iUdersliot^  down 
to  almost  sea-level  in  the  Thames  valley  near  London. 

The  gravel  is  of  variable  thickness ;  perhaps  15  feet  is  about  the  average. 

There  are  similar  gravel-flats  north  of  the  Thames,  but  there  drift  questioas 
are  complicated  by  the  presence  of  glacial  beds. 

>  According  to  Professor  Rensch  the  terraoes  with  marine  shells  reach  an  eleva- 
tion of  about  200  metres  (620  feet)  in  the  Trondheim  district;  but  the  author 
during  a  recent  visit  was  unable  to  observe  any  higher  than  250  feet  south  of  this 
position. 

2  Published  in  full  in  the  Geological  Magaziiie,  December  4,  vol.  vUi,  Novembff 
1901. 
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The  author  suggests — 

1.  That  the  gravels  are  river  gravels  formed  since  the  country  last  rose  above 
the  sea ; 

2.  That  the  process  of  elevation  was  not  continuous,  but  that  short  periods  of 
rapid  movement  were  separated  by  long  periods  of  repose ; 

3.  That  the  gravel-flats  are  the  work  of  the  rivers  during  the  periods  of 
repose ; 

4.  That  the  earth-movements  did  not  affect  the  whole  area  imiformly,  and  that 
local  depressions  occurred. 

In  support  of  these  conclusions  the  author  refers  to  the  ste^terraces  so  common 
in  the  fjords  and  to  the  old  coast-plain  and  shore-lines  which  occur  above  and 
below  the  present  sea-level  on  the  Norwegian  coast. 

As  evioenoe  of  local  depression,  he  refers  to  the  deep  channel  of  Drift  in  the 
valley  of  the  0am,  describ^  by  Mr.  W.  Whitaker/  and  to  the  great  thickness  of 
the  Corbicuiajiuminalis  bed  at  Crayford. 


6.    On  live    Occurrence  of  Dionte  associated  with  Granite  at  AssouaHt 
Upper  Egypt     By  Alexander  Somervail. 

Immediately  below  the  front  of  the  Cataract  Hotel  there  is  exposed  an 
interesting  section  of  the  reddish  granite  of  the  neighbourhood.  It  is  notable  for 
a  mass  of  dark  diorite,  which  seems  to  cut  it  as  a  vein  or  dyke^  running  in  an 
E.N.E.  and  W.S.W.  direction. 

The  breadth  of  this  dyke-like  mass  is  variable;  but  on  an  average  it  it  about 
three  feet  wide. 

The  walls  of  both  are  as  a  rule  sharply  defined^  without  any  apparent  passage 
of  the  one  into  the  other,  although  at  some  portions  of  the  margin  of  the  diorite 
there  are  a  few  red  crystals  of  the  felspar  of  the  bounding  granite. 

There  are,  however,  about  the  central  portion  of  the  diorite,  crossing  it  at 
right  angles,  two  small  veins  of  the  reddish  granite  of  the  parent  mass.  One  of 
these  is  only  about  quarter  of  an  inch  wide,  and  the  other  about  two  inches  in 
width. 

These  two  veins  are  both  in  colour,  and  also  in  composition,  exactly  the  same 
as  the  mothez'  rock ;  and  are  not  continued  into  the  parent  mass  as  distinct  veins, 
but  are  essentially  a  part  of  the  granite  itself. 

The  author  did  not  enter  upon  any  theory  of  explanation,  but  it  is,  he  thinks, 
obvious  that  the  granite  and  diorite  are  not  separated  from  each  other  by  any 
great  difference  of  age. 


7.  Note  on  some  Hornblende  Porphyrites  of  Victoria  (Australia). 
By  James  Stirling,  Government  Geologist  qf  Victoria, 

The  existence  of  auriferous  quarts  veins  aseooiated  with  a  class  of  eruptive 
rocks,  which  are  intrusive  to  the  Upper  Silurian  formation  (shales,  sandstones, 
conglomerates,  and  limestones)  of  Victoria  has  long  been  known.  The  frequent 
occurrence  of  hornblende  in  this  class  of  rock  has  led  to  the  use  of  the  term 
diorite  for  moet  of  the  dykes,  although  marked  diflerenoes  in  mineral  composi- 
tion and  structure  were  freauently  oheerved.  During  a  recent  geological  and 
imderground  survey  of  the  Walhalla  Goldfield,  where  the  dykes  were  classed  as 
diorites,  1  caused  a  number  of  samplee  of  the  dykes  to  be  selected  and  sliced  for 
petrographic  investigation,  with  the  result  that  many  of  the  intrusive  rocks  were 
found  to  belong  to  several  different  classes,  in  which  hornblende  was  either 
wholly  absent  or  but  sparingly  represented,  being  replaced  by  mica-forming  mica- 
felsites^  &o.    This  inquiry  led  to  a  oloeer  examination  of  the  well-known  Wood's 

*  Quart*  Jonm»  Qeol.  8oc.,  vol.  xlvi.  p.  333. 
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Point  diorites,  in  which  hornblende  la  notably  present,  with  the  result  stated 
in  the  accompanying  petrographic  note.  It  is  intended  to  continue  the  systematic 
investigation  of  all  the  Victorian  so-called  dioritet,  particularly  those  with  which 
auriferous  quartz  veins  are  associated. 

In  this  investigation  I  shall  have  the  valuable  co-operation  of  Mr.  F.  P. 
Mennell,  an  Australian  student  at  the  Koyal  School  of  Mines,  London. 

The  following  brief  description  is  intended  as  a  preliminary  note : — 

Wood's  Poikt,  Victobia. 

Slide  277. — ^This  slice  was  cut  from  a  dark  coloured,  even-grained  rock  of 
granitic  aspect.  The  specific  gravity  is  high  (2*9).  Black  hornblende  is  the  most 
conspicuous  constituent;  ilmenite  and  pyrites  can  also  be  recognised  by  their 
characteristic  colour  and  lustre.  Under  the  microscope  the  rock  does  not  show 
that  simplicity  uf  structure  which  might  be  inferred  from  its  appearance  in  hand 
specimens.  Hornblende  is  still  the  mineral  which  gives  a  distinctive  character  to 
the  rock ;  but  the  whitish  material  with  which  it  is  associated,  though  much 
decomposed,  is  at  once  seen  to  be  of  a  complex  nature. 

Constituent  Minerals:  Hornblende. — ^This  mineral  occurs  in  large  granules, 
often  showing  crystal  faces,  though  the  outline  is  frequently  too  indefinite  for  the 
form  to  be  determined  with  precision.  The  prismatic  cleavage  is  generally  well 
marked,  though  some  crystals  show  irregular  cracks.  The  colour  is  in  mopt  cases 
brown,  thougn  some  of  the  crystals  are  of  a  greenish  tinge,  and  a  few  are  quite 
colourless.  The  coloured  varieties  exhibit  strong  pleochroism  (fairly  deep  brown 
to  almost  colourless).  Sections  showing  only  one  set  of  cleavage  traces  give  a 
maximum  extinction  angle  of  2(f. 

Felspar, — The  predominant  felspar  is  evidently  plagioclase,  though  owin^  to 
its  decomposed  state  and  the  absence  of  twin  lamellation  or  cleavage  traces  it  is 
chfficult  to  assign  it  with  certainty  to  its  proper  position  in  the  albite-anorthite 
series.  It  seems,  however,  to  be  a  basic  oligoclase,  and  it  is  notable  that  in  one 
or  two  instances  it  presents  crystal  faces  to  the  hornblende.  Orthoclase  is  also 
present,  chiefly  intergrown  in  crystallographic  relation  with  quartz,  forming 
micropegmatitic  patches,  which  give  to  portions  of  the  rock  very  much  the . 
appearance  of  a  granophyre. 

Quartz  occurs  almost  entirely  in  micrographic  intergrowth  with  the  orthoclase 
as  sharply  defined  skeleton  crystals,  often  triangular  in  outline.  It  is  thus  of 
prior  consolidation  to  the  felspar  with  which  it  is  associated,  and  in  thin  section 
IS  the  more  distinct  from  its  being  entirely  unafiected  by  the  agencies  which  have 
rendered  the  felspar  almost  opaque. 

Ilmenite  is  abundant  in  irregular  grains  and  skeleton  crystals,  and  is,  no 
doubt,  the  source  of  the  black  '  titaniferous  ironsand '  which  is  so  plentiful  in  the 
locality.  Its  outline,  lustre,  and  characteristic  alteration  afford  a  ready  means  of 
identification. 

Sphene,  of  the  white  variety  known  as  leucoxene,  has  been  abundantly  pro- 
duceci  by  the  decomposition  of  the  ilmenite.  It  does  not  form  definite  cryetols, 
but  it  serves  to  bring  out  the  internal  structure  of  t^e  ilmenite  in  a  most  spiking 
manner,  owing  to  the  way  in  which  decomposition  has  proceeded  along  the  lines 
of  least  resistance,  related  to  the  crystalline  form  (hexagonal)  of  l£e  original 
mineral. 

Other  accessories  are  pyrites  and  apatite,  neither  of  which  is  plentiful.  The 
former  is  easily  recognised  by  its  pale  brassy  colour,  as  seen  bv  reflected  light 
The  apatite  forms  slender  prisms,  longitudinal  sections  showing  the  cross-fracture, 
while  transverse  ones  show  the  cnaracteristic  ux-sided  form.  A  colourless 
mineral  with  the  roughened  appearance  characteristic  of  a  high  refractive  index 
also  occurs  as  a  decomposition  product  of  the  hornblende.  It  is  almost  isotropic, 
and  may  be  referred  to  the  chlorite  group. 

Structure, — ^The  texture  and  structure  vary  considerably  in  different  parts  of 
the  slice.  The  rock  is  holocrystalline,  but  the  order  of  crystallisation  of  the 
different  minerals  is  variable  and  the  presence  of  micropegnlatite  is  distinctive. 
The  other  minerals  act  very  much  the  part  of  a  ground  mass  toward  the  horn- 
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blendoi  thotigli  the  appearance  of  tlie  rock  is  not  strUdngly  porphyritic,  and  the 
general  structure  is  very  similar  to  that  of  the  less  basic  syenite-porphyries  of  the 
Chamwood  district  in  Leicestershire.  It  points,  in  fact,  to  a  hyp-abyssal  as 
opposed  to  a  plutonic  origin  for  the  rock,  which  might  therefore  be  classed  as  a 
diorite-porphyry  or  homblende-porphyrite. 


8.  Note  on  some  Anthropods  from  the  Upper  SUuriatu 
By  Malcolm  Laurie. 


9.  The  Copper-hearing  Roche  of  South  Australia.     By  F.  P  Mennell. 

The  copper  ores  of  Yorke's  Peninsula  in  South  Australia  were  the  first 
metallic  minerals  worked  on  the  Australian  continent.  They  occur  in  rocks  of 
Archaean  age,  which  at  Moonta  and  Wallaroo  hare  been  subjected  to  crushing 
and  shearing  to  such  an  extent  that  they  present  few  traces  of  their  original 
structures,  except  in  the  case  of  a  diorite  at  Wallaroo,  which  is  of  a  typically 
plutonic  character.  Most  of  the  rocks  are  mylonites,  and  in  some  instances  have 
oeen  reduced  to  a  compact  flinty  type,  in  which  none  of  the  minerals  can  be 
recognised  with  certainty.  Where  the  original  constituents  have  survived  they 
are  of  a  fragmentary  character ;  oligoclase  seems  to  have  best  resisted  the  crushing, 
and  orthoclase  occasionally  remains  in  lenticles ;  but  the  brittle  quartz  has  invari- 
ably been  reduced  to  powder.  The  economic  aspect  of  the  examination  is  of 
considerable  importance,  for  the  mines  have  several  times  been  shut  down  when 
the  ore  has  thinned  out  owing  to  doubts  as  to  its  permanence.  From  the 
character  of  the  rocks  it  is,  however,  obvious  that  they  occur  in  a  true  *  fissure 
lode,'  and  no  doubts  need  be  felt  as  to  the  continuance  of  the  ore  to  the  limit  of 
workable  depths. 

10.  Report  on  the  Excavation  of  the  Ossiferous  Caves  at  Uphill^  near 
Weston-super-Mare, — See  Reports,  p.  352. 
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Bbctiok  D,-^ZOOLOGy. 
Pbbsipemt  op  THi  SECTToy,— Profesaor  J.  Comab  Ewabt,  M.D,,  F.R.S, 


THURSDAY,  SEPTEMBER  2. 

The  Fregldent  delivered  the  followitig  Address  t 

The  ExperiinenUd  Study  of  V<»riation. 

The  study  of  variation  may  be  said  to  consist  (1)  in  noting  and  classifying  the 
differences  between  parents  and  their  offi^pring ;  and  (2)  in  determining  by  obser- 
vation and  experiment  the  causes  of  these  differences,  especially  why  onl3r  some  of 
them  are  transmitted  to  future  generations.  The  facts  of  variation  having  been 
dealt  with  at  considerable  length  in  a  recent  work  by  Mr.  Bateson,  I  shall  discuss 
chiefly  the  causes  of  variation. 

Tliough  for  untold  ages  parents  have  doubtless  observed  differences  in  tHe  form 
and  temperament  of  their  children,  and  though  breeders  have  long  noted  unlooked- 
for  traits  in  their  flocks  and  herds,  the  systematic  study  of  variation  is  of  very 
recent  date.  This  is  not  surprising,  for,  while  the  belief  in  the  inunutability  of 
species  prevailed,  there  was  no  special  incentive  either  to  collect  the  facts  or 
inquire  mto  the  causes  of  variation ;  and  since  the  appearance  in  1859  of  the 
*  Origin  of  Species,'  biologists  have  been  mainly  occupied  in  discussing  the  theor>- 
of  natural  selection.  Now  that  discussions  as  to  the  nature  and  origin  of  species  no 
longer  occupy  the  chief  attention  of  biologists,  variability — the  fountain  and  origin 
of  progressive  development — is  likely  to  receive  an  ever-increasing  amount  of  notice. 
Strange  as  it  may  appear,  naturalists  at  the  end  of  the  eighteenth  century  con- 
cerned themselves  more  with  the  causes  of  variation  than  their  successors  at  the 
end  of  the  nineteenth.  Buffon,  who  discussed  at  some  length  nearly  aU  the 
great  problems  that  interest  naturalists  to-day,  after  considering  variation  arrived 
at  the  conclusion  that  it  was  due  to  the  direct  action  of  the  environment,  and 
even  invented  a  theory  (strangely  like  Darwin's  theory  of  pangenesis),  to  explain 
how  somatic  were  converted  into  germinal  variations.  En^us  Darwin  and 
Lamarck  also  had  views  as  to  the  causes  of  variation.  Erasmus  Darwin  believed 
variability  resulted  from  the  efibrts  of  the  individual,  new  structures  being 
gradually  evolved  by  organisms  constantly  endeavouring  to  adapt  themaelvee 
to  their  surroundings.  Lamarck  about  the  same  time  endeavoured  to  prove  that 
changes  in  the  environment  produced  new  needs,  which  in  turn  led  to  the  forma- 
tion of  new  organs  and  the  modification  of  old  ones,  use  being  especially  potent  in 
perfecting  the  new,  disuse  in  suppressing  the  old.  Both  Erasmus  Darwin  and 
Lamarck,  without  attempting,  or  apparently  even  seeing  the  need  of,  any  such 
explanation  as  pangenesis  oflered,  assumed  that  definite  acquired  modifications 
were  transmitted  to  the  ofi*spring,  and  they  both  further  assumed  that  variations 
occurred  not  in  many  but  in  a  single  definite  direction ;  hence  they  had  no  need 
to  postulate  selection.    The  speculations  of  Erasmus  Darwin  and  Lamarck  having 
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had  little  influence,  it  fell  to  Charles  Darwin  to  construct  new  and  more  lasting 
foundations  for  the  evolution  theory. 

Charles  Darwin,  clearly  realising  that  variation  occurs  in  many  different 
directions,  arrived  at  the  far-reachinff  conclusion  that  the  hest  adapted  varieties 
are  selected  by  the  environment,  ana  thus  have  a  chance  of  giving  rise  to  new 
species.  Though  impressed  with  the  paramount  importance  of  selection,  Charles 
Darwin  realised  that '  its  action  absolutely  depends  on  what  we  in  our  ignorance 
call  spontaneous  or  accidental  variation/^  Darwin,  however,  concerned  himself 
to  the  last  more  with  selection  than  with  variation^  doubtless  because  he  believed 
variability  sinks  to  a  quite  subordinate  position  when  compared  with  natural 
selection.  As  variations  stand  in  very  much  the  same  relation  to  selection  as 
bricks  and  other  formed  material  stand  to  the  builder,  Darwin  was  perhaps 
justified  in  rating  so  highly  the  importance  of  the  principle  with  which  his  name 
will  ever  be  intimately  associated.  Though  Darwin  considered  variability  of 
secondary  importance,  it  ma^  be  noted  that  he  did  more  than  any  other  naturalist 
to  collect  the  facts  of  variation,  and  he,  moreover,  considered  at  some  length  the 
causes  of  variation.  He  regurded  with  most  favour  the  view  '  that  variations  of 
all  kinds  and  degrees  are  directly  or  indirectly  caused  by  the  conditions  of  life 
to  which  each  being  or  more  especially  its  ancestors  have  been  exposed.'  ^  Of  all 
the  causes  which  induce  variability,  he  believed  excess  of  food  was  probably  the 
most  powerful.'  In  addition  to  variations  which  arise  spontaneously  in  obedience 
to  fixed  and  immutable  laws  Darwin  believed  with  BulTon  that  variations  were 
produced  by  the  direct  action  of  the  environment,  and  with  Lamarck  by  the  use 
and  disuse  of  parts ;  and  he  accounted  for  the  inheritance  of  such  variations  by  his 
theory  of  pangenesis.  Darwin  seems  always  to  have  regarded  the  direct  action  of 
the  environment  and  use  and  disuse  as,  at  the  most,  subsidiary  causes  of  variation ; 
but  Mr.  Herbert  Spencer  and  his  followers  regard  *  use-inheritance  *  as  an  all- 
important  factor  in  evolution ;  while  Cope  and  his  followers  in  America,  by  a 
mixture  of  '  use-inheritance '(Kinetogeneis)  and  Lamarck's  neck-stretching  theory 
( ArchflBSthetism),  apparently  see  their  way  to  account  for  the  evolution  of  animals 
with  but  little  help  from  natural  selection. 

Professor  Weismann  and  others,  however,  have  recently  given  strong  reasons 
for  the  belief  that  all  variation  is  the  result  of  changes  in  the  germ-plasm  ultimately 
due  to  external  stimuli,  the  environment  acting  directly  on  unicellular,  indirectly 
on  multicellular  organism.  It  is  convenient  to  speak  of  biologists  who  believe 
with  Mr.  Herbert  Spencer  in  the  law  of  use  and  disuse  (use-inheritance)  as  Neo- 
Lamarckians,  and  of  those  who  with  Weismann  refuse  to  accept  the  doctrine  of 
the  transmission  of  definite  acquired  characters,  and  in  the  case  of  multicellular 
organisms  the  direct  influence  of  the  environment  as  a  cause  of  variation,  as  Neo- 
Darwinians.  In  discussincr  variability  I  shall  assume  that  all  variations  are 
transmitt^  by  the  germ-ceils ;  that  the  primary  cause  of  variation  is  always  the 
effect  of  external  influences,  such  as  food,  temperature,  moistiune,  &c. ;  and  that 
•  the  origin  of  a  variation  is  equally  independent  of  selection  and  amphimixis,*  * 
amphimixis  being  siniply  the  means  by  which  eflect  is  given  to  difierences 
inherited,  and  to  the  differences  acquired  by  the  germ-ceUs  during  their  growth 
and  maturation. 

Theoretically  the  offspring  should  be  an  equal  blend  of  the  parents  and 
(because  of  the  tendency  to  reversion)  of  their  respective  ancestors.  In  as  far 
as  the  offspring  depart  either  in  nn  old  or  in  a  new  direction  from  this  ideal 
intermediate  condition  they  may  be  said  to  have  undergone  variation.  The 
more  obvious  variations  consist  of  a  difference  in  form,  size,  and  colour,  in  the  rate 
of  growth,  in  the  period  at  which  maturity  is  reached,  in  the  fertility,  in  the  power 
withstand  disease  and  changes  in  the  surroundings,  of  differences  in  temperament 

*  Animals  and  Plants,  vol.  ii.  p.  20C. 

*  Ibld.j  vol.  ii.  p.  240.  Elsewhere  ho  says  wo  are  *  driven  to  the  conclusion 
that  in  most  cases  the  conditions  of  life  play  a  subordinate  part  in  causing  any 
particular  modification.' 

'  Ibid.y  vol.  ii.  p.  282. 

*  Weismann,  ITie  Oervi-Plasin  p.  431, 
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and  instincts,  and  in  the  aptitude  to  learn.  In  the  members  of  a  human  family 
there  may  be  great  dissimilarity,  and  the  dissimilarity  may  be  even  greater  in  tlie 
members  of  a  single  brood  or  litter  of  domestic  animals,  especially  if  the  parents 
belong  to  slightly  different  breeds. 

Frequently  some  of  the  offspring  closely  resemble  the  immediate  aDcestors, 
while  others  suggest  one  or  more  of  the  remote  ancestors,  are  nearly  inter- 
mediate between  the  parents,  or  present  quite  new  characters.  Similarly 
seedlings  from  the  same  capsule  often  differ.  Can  we  by  way  of  accounting 
for  these  differences  only  with  Darwin  say  that  variations  are  due  to  fixed  and 
immutable  laws,  or  at  the  most  subscribe  to  the  assertion  of  Weismann,  that 
they  are  ^due  to  tbe  constant  recurrence  of  slight  inequalities  of  nutrition 
of  the  germ-plasm '  ?  *  Weismann  accounts  for  ordinary  variation  by  saying 
that  the  reduction  of  the  germ-plasm  duriug  the  maturation  of  the  germ-cells 
is  qualitative  as  well  as  quantitative,  i.e.,  that  the  germ-plasm  retained  in 
the  ovum  to  form  the  female  pro-nucleus  is  different  from  the  germ-plasm  dis- 
charged in  the  second  polar  body.  He  accounts  for  discontinuous  vanation  and 
'sports'  by  'the  permanent  action  of  uniform  changes  in  nutrition.'^  These 
uniform  changes  in  nutrition,  by  modifying  in  a  constant  direction  susceptible 
groups  of  germ-units  (determinants),  after  a  time  giving  rise  to  new,  it  may  be 
pronounced  variation.  Must  we  rest  satisfied  with  these  assumptions,  or  is  it 
possible  to  account  for  some  of  the  variability  met  with  by,  say,  differences  in  the 
maturity  of  the  parents  or  of  the  germ-cells,  by  the  germ-cells  having  been 
influenced  by  interbreeding  or  intercrossing,  or  by  the  soma  in  which  they  are 
lodged  having  been  invigorated  by  a  change  of  food,  or  habitat,  or  deteriorated  by 
uniavourable  surroundings  or  disease  ?  In  other  words  are  there  valid  reasons  * 
for  believing  that  the  germ-cells  are  extremely  sensitive  to  changes  in  their 
immediate  environment,  t.e.,  to  modifications  of  the  body,  or  soma  containing 
them,  and  that  the  characters  of  the  offspring  depend  to  a  considerable  extent  oo 
whetner  the  germ-cells  have  recently  undergone  rejuvenescence  ? 

Obviously,  if  the  offspring,  other  things  being  equal,  vary  with  the  age  of  the 
parents,  the  ripeness  of  tne  germ-cells  and  with  uie  bodUy  welfare,  the  qualitative 
division  of  the  nucleus  on  which  Weismann  so  much  relies  as  an  explanation  of 
ordinary  variation  will  prove  inadequate. 

Is  Age  a  Cattle  of  Variation  f 

During  the  course  of  my  experiments  on  Variation  I  endeavoured  to  find  an  answer 
to  the  question,  *  Is  Age  a  Cause  of  Variation  P '  During  development  and  while 
nearly  all  the  available  nourishment  is  required  for  building  up  the  organs  and 
tissues  of  the  body,  the  germ-cells  remain  in  a  state  of  quiescence.  Sx)ner  or 
later,  however,  they  begin  to  mature,  and  eventually  in  most  cases  escape  from  the 
germ-glands.  I  find  the  first  germ-cells  ripened  often  prove  infertile.  When, 
^•ff-$  pigeons  from  the  same  nest  are  isolated  and  allowed  to  breed  as  soon  as 
mature,  they  seldom  hatch  out  birds  from  the  first  pair  of  eggs,  and  though 
quite  vigorous  in  appearance  they  may  only  hatch  a  single  bird  from  the  second 
pair  of  eggs.  The  same  result  generally  follows  mating  very  young  but  quite 
unrelated  pigeons ;  but  when  a  young  hen  bird  is  mat^  with  a  vigorous,  well- 
matured  male,  or  a  young  male  is  mated  with  a  vigorous,  well-matured  female, 
the  eggs  generally  prove  fertile  from  the  first.  The  germ-cells  are,  as  far  as  can 
be  determined,  structurally  perfect  from  the  outset  j  and  that  they  only  fail  in 
vigour  is  practically  proved  by  the  fact  that,  though  the  conjugation  of  germ-oells 
from  two  young  birds  leads  to  nothing,  the  conjugation  of  germ-cells  from  quite 
young  birds  with  germ-cells  from  mature  birds  generally  at  once  results  in 
offspring. 

The  following  experiments  indicate  how  age  may  prove  a  cause  of.  variation. 
Last  autumn  I  received  from  Islay  two  young  male  blue-rock  pigeons  which, 
though  bred  in  captivity,  were  believed  to  be  as  pure  as  the  wild  birds  of  the 
Islay  caves.    In  February  last  one  of  the  young  blue-rocks,  while  still  immatuTP, 

»  Oerm-Plam,    .431. 
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was  placed  with  an  inbred  white  fantail,  the  other  with  an  extremely  vigorous  well- 
matured  black  barb.  In  course  of  time  a  pure- white  bird  was  reared  by  the  white 
fantaily  and  two  dark  birds  by  the  black  barb.  Owing  probably  to  the  fantail  being 
inbred  and  the  blue-rock  bein^  still  barely  mature,  the  young  white  bird  died  soon 
after  leaving  the  nest.  No  birds  were  hatched  from  the  second  and  third  pairs  of  eggs 
laid  by  the  fantail,  but  from  the  fourth  pair  two  birds  were  hatched  which  are  now 
nearly  full-grown.  These  voung  birds  are  of  a  darker  shade  of  blue,  and  look 
larger  and  more  vigorous  than  their  blue-rock  sire.  As  in  the  Indian  variety  of 
the  blue-rock  pigeon  the  croup  is  blue,  and,  as  in  some  of  the  Eastern  blue-rocks, 
the  wings  are  slightly  chea  uered.  They,  however,  only  essentially  differ  from  their 
£»ire  in  having  four  extra  leathers  in  the  tail.  The  nrst  pair  of  birds  hatched  by 
the  black  barb  when  they  reached  maturity  early  iu  August  might  have  passed 
for  young  barbs  with  somewhat  long  beaks.  Since  the  first  pair  were  hatched  in 
March  the  blue-rock  and  black  barb  have  reared  six  other  birds.  One  of  the  second 
brood  closely  resembles  the  first  birds  hatched;  the  other  is  of  a  greyish 
colour,  with  slightly  mottled  wings,  a  long  beak,  and  a  tail  bar.  The 
birds  of  the  third  nest  are  both  of  a  greyish  colour,  but  have  indis- 
tinct wing  bars  as  well  as  a  tail  bar.  Of  the  fourth  pair  of  young  one 
is  greyish  like  the  birds  of  the  third  nest,  the  other  is  of  a  dark  blue  colour  with 
slightly  chequered  wings,  and  a  head,  beak,  and  bars  as  in  its  blue-rock  sire.  The 
gradual  change  from  black  to  dark  blue  in  the  blue-rock  barb  crosses  is  very 
remarkable.  I  can  only  account  for  the  almost  mathematical  regiQarity  of  the 
change  by  supposing  it  has  kept  pace  with  a  gradual  increase  in  the  vigour  or 
prepotency  in  the  young  blue-rock.  EventuaUy  the  offspring  of  the  blue-rock 
mated  to  the  black  barb,  like  the  offspring  of  its  brother  with  the  white  fantail, 
may  be  of  a  slaty  blue  colour,  and  otherwise  resemble  a  wild  blue-rock  pigeon.  Many 
breeders  would  explain  the  offspring  taking  more  and  more  after  the  sire  by  the 
doctrine  of  Saturation — a  doctrine  that  finds  much  favour  amongst  breeders — but 
as  identical  results  were  obtained  when  young  females  were  mated  with  well- 
matured  males  the  saturation  explanation  falls  to  the  ground. 

Like  results  were  obtained  by  breeding  young  grey  quarter-wild  rabbits  with 
an  old  white  ADgora  buck :  the  first  young  were  white,  the  subsequent  young 
were  white,  grey,  and  bluish  grey.  From  these  results  it  follows  that,  when  old 
and  young  but  slightly  different  members  of  a  variety  or  species  are  mated  a 
wonderfully  perfect  series  of  intermediate  forms  is  likely  to  be  produced.  Amongst 
wild  animtds  the  young  males  rarely  have  a  chance  of  breeding  with  the  young 
females ;  hence  amongst  wild  animals,  owing  to  age  being  a  cause  of  variation,  a 
considerable  amount  of  material  is  doubtless  constantly  provided  for  selection, 
thus  affording  a  variety  an  additional  chance  of  adapting  itself  to  slight 
fluctuations  in  the  environment. 

In  the  results  obtained  by  crossing  mature,  vigorous,  and,  in  some  cases,  inbred 
males  with  barely  mature  females  an  explanation  may  be  found  why  in  some 
families  the  same  features  have  persisted  almost  unaltered  for  many  generations ; 
why  in  his  features  the  squire  of  to-day  sometimes  exactly  reproduces  the  lines  of 
his  ancestors,  as  seen  in  portraits  and  monumental  brasses.  It  should,  however, 
be  borne  in  mind  that  highly  prepotent  forms  are  capable  from  the  first  of  so 
completely  controlling  the  development  that  they  transmit  their  pecidiar  traits  to 
all  their  offspring. 

Is  Ripeness  of  the  Germ-CeUs  a  Cause  of  Variation  ? 

While  difference  in  age  may  sometimes  account  for  the  earlier  broods  and 
litters  resembling  one  of  the  parents,  it  fails  to  account  for  the  very  pronounced 
variation  often  found  in  a  single  brood  or  litter,  and  for  much  of  the  dissimilarilr 
between  members  of  the  same  human  family.  When  a  single  fertilised  germ-cell, 
as  occasionally  happens,  gives  rise  to  twins,  they  are  always  identical ;  hence  it 
may  be  assumed  differences  in  members  of  the  same  family  have  their  source 
in  differences  in  the  germ-cells  from  which  they  spring.  If  the  offspring  vary 
with  the  maturity  of  the  soma  it  may  also  vary  witn  the  maturity  of  the  germ- 
C^llS|  or  at  leaat  with  their  condition  at  the  moment  of  conjugation. 
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Some  years  ago  Mr.  H.  M.  Vernon,  when  hybridimn^  ecbinoderms,  discotefed 
that  *  the  characterisics  of  the  hybrid  offspring  depend  directly  on  the  relatiTe 
degrees  of  maturity  of  the  sexual  products/  ^  Mr.  Vernon  found  subsequenUy 
that  over-ripe  (stale)  ova  fertilised  with  fresh  sperms  gave  very  difierent  resalts 
from  fresh  ova  fertilised  with  over-ripe  (stale)  sperms,  from  which  he  inf^red 
that  over-ripeness  (staleness)  is  a  very  potent  cause  of  variation.^ 

I  find  that  if  a  well-matured  rabbit  doe  is  prematurely  (i.e.,  some  time  before 
ovulation  is  due)  mated  with  a  buck  of  a  different  strain,  the  young  take  after  the 
sire ;  when  the  fertilisation  takes  place  at  the  usual  time,  some  of  the  yoang 
resemble  the  buck,  some  the  doe,  while  some  present  new  characters  or  reproduce 
more  or  less  accurately  one  or  more  of  the  ancestors.  When,  however,  the 
mating  is  delayed  for  about  thirty  hours  beyond  the  normal  time,  all  the  young, 
as  a  rule,  resemble  the  doe.  It  may  hence  be  inferred  that  in  mammals,  as 
in  echinoderms,  the  characters  of  the  ofispring  are  related  to  the  condition  of 
the  germ-cells  at  the  moment  of  conjugation,  the  offspring  resulting  from  the 
union  of  equally  ripe  germ-cells  differing  from  the  ofispring  develo]^  from  the 
conjugation  of  ripe  and  imripe  germ-cells,  and  still  more  from  the  union  of  fresh 
ana  over-ripe  germ-cells.  This  conclusion  may  be  said  to  be  in  harmony  with 
the  view  expressed  by  Darwin,  that  the  causes  which  induce  variability  probably 
act '  on  the  sex  elements  before  impregnation  has  been  efiected.' '  'the  results 
already  obtained,  though  far  from  answering  the  question  why  there  is  often 
great  dissimilarity  between  members  of  the  same  family,  may  lead  to  further 
experiment,  and  especially  to  more  complete  records  being  kept  by  breeders.  It 
is  unnecessary  to  point  out  what  a  gain  it  would  be  were  breeders  able  to 
regulate,  even  to  a  small  extent,  the  characters  of  the  offspring. 

Is  the  Condition  of  the  Soma  a  Cause  of  Variation  f 

There  is  a  considerable  amount  of  evidence  in  support  of  the  view  that 
changes  in  any  part  of  the  body  or  soma  which  a^ect  the  general  welfare 
influence  the  germ-cells.  This  is  but  what  might  be  expected  if  the  soma  In 
the  metajEoa  is  to  the  germ-cells  what  the  immediate  surroundings  are  to  the 
protoeoa.  The  soma  from  the  first  forms  a  convenient  nidus  for  the  germ-cells, 
and,  when  sufficiently  old  and  sufficiently  nourished,  it  provides  the  stimuli  by 
which  the  ripening  (maturing)  of  the  germ-cells  is  effected.  If  in  the  case  of 
the  protoisoa  variation  is  due  to  the  direct  action  of  the  environment,  it  may 
be  inferred  that  in  the  metazoa  variations  of  the  germ-cells  result  from  the 
direct  action  of  the  soma,  t.«.,  from  the  direct  action  on  the  g^m-cella  of  their 
immediate  environment.  This,  however,  is  quite  a  different  thing  from  saying 
that  definite  somatic  variations  are  incorporated  in  the  germ-ceUs  (converted  into 
germinal  variations)  and  transmitted  to  the  offi^pring. 

It  may  first  be  asked.  Does  disease,  in  as  far  as  it  reduces  the  general  vigour  or 
interferes  with  the  nutrition  of  the  germ-cells,  act  as  a  cause  of  variation  ?  I 
recently  received  a  number  of  blue-rock  pigeons  from  India  infected  with  a  blood 
parasite  (Halteridium)  not  unlike  the  organism  now  so  gen^!ally  associated  with 
malaria.  In  some  pigeons  the  parasites  were  very  few  in  number,  in  others  they 
were  extremely  numerous.  The  eggs  of  a  pair  of  these  Indian  buds  witK 
numerous  parasites  in  the  blood  proved  infertile.  Eggs  from  a  hen  bird  with 
numerous  parasites  fertilised  by  a  male  with  few  parasites  proved  fertile,  but  the 
young  died  before  ready  to  leave  the  nest.  An  old  male  Indian  bird,  however, 
with  comparatively  few  parasites,  mated  with  a  mature  half-bred  English  turbit 
produced  a  single  bird.  The  half-bred  turbit  has  reddish  winga  and  shoulders,  but 
u  otherwise  white.  The  young  bird  by  the  Indian  blue-rock  is  of  a  reddish 
colour  nearly  all  over,  but  in  make  not  uidike  the  cross-bred  turbit  hen. 

Some  time  before  the  second  pair  of  eggs  were  laid,  the  parasites  had  com- 
pletely disappeared  from  the  Indian  bird,  and  he   looked  as  if  he  had  quite 

»  Proceedings  Royal  Society,  vol.  Ixiii.  May  1898. 
•  Ibid.,  vol.  Ixv.  November  1899. 
■  AniinaU  and  PlafUs^  vol.  ii.  p.  259, 
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recovered  from  his  long  journej  as  well  as  from  th«  fever.  In  due  time  a  pair 
of  young  were  batobed  from  the  second  eggs,  and  as  they  approached  maturity 
it  became  more  and  more  evident  that  they  would  eventually  present  all  the 
distinctive  points  of  the  wild-rock  pigeon.*  The  strikiug  difference  between  the 
first  bird  reared  and  the  birds  of  the  second  nest  might,  however,  be  due  not  to 
the  malaria  parasites  but  to  the  change  of  habitat. 

Against  this  view,  however,  is  the  fact  that  another  Indian  bird  infected  to 
about  the  same  extent  as  the  mate  of  the  half-bred  red  turbit  counted  for  littlo 
when  mated  with  a  second  half-bred  turbit;  while  two  Indian  birds  in  which 
extremely  few  parasites  were  found  at  once  produced  blue-rock-like  birds  when 
bred — one  with  a  fantnil,  the  other  with  a  tumbler. 

Another  possible  explanation  of  the  diflbrence  between  the  bird  of  the  first 
and  the  birds  of  the  second  nest,  is  that  the  germ-cells  were  for  a  time  in- 
fected by  the  minute  protozoan  Halteridium  in  very  much  the  same  way  as 
the  germ-cells  of  ticks  are  infected  bv  the  parasite  of  Texas  fever.  But  of 
this  there  is  no  evidence,  for  even  in  the  half-grown  birds  hatched  by  the  pure- 
bred malarious  Indian  rocks  the  most  careful  examination  failed  to  detect  any 
parasites  in  the  blood.  In  all  probability  Halteridium  can  only  be  conveyed  from 
one  pigeon  to  another  by  Culex  or  some  other  gnat. 

These  results  with  pigeons  suffering  from  malaria  seem  to  indicate  that  the 
germ-cells  are  liable  to  oe  influenced  by  fevers  and  other  forms  of  disease  that  for 
the  time  being  diminish  the  vitality  of  the  parents.  Further  experiments  may 
show  that  the  germ-cells  are  influenced  in  difierent  ways  by  different  diseases. 

Sometimes  the  fferm-cells  suffer  from  the  direct  action  of  their  immediate 
environment,  from  disturbance  in  or  around  the  gerta-glands.  If,  for  example, 
inflammation  by  the  ducts  or  other  channels  reaches  the  germ-glands,  the  vitality 
of  the  germ-cells  may  be  considerably  dhninished ;  if  serious  or  prolonged,  the 
germ-cells  may  be  as  effectively  sterilised  as  are  the  bacteria  of  milk  by  boiling. 

In  1900  two  mares  produced  foals  to  a  bay  Arab  which  had  previously  suffered 
from  a  somewhat  serious  illness  involving  the  germ-glands.  These  foals  in  no 
way  suggest  their  sire.  This  year  I  have  three  foals  by  the  same  Arab  after  he 
had  quite  recovered :  one  promises  to  be  the  image  of  his  sire,  and  the  other  two 
are  decidedly  Arab-like  both  in  make  and  action. 

While  the  germ-cells  are  liable  to  suffer  when  the  soma  is  the  subject  of 
disease,  there  is  no  evidence  that  they  are  capable  of  being  so  influenced  that  they 
transmit  definite  or  particular  modifications  (unless  directly  infected  with  bacteria 
or  other  minute  organisms) ;  that,  ^.y.,  the  germ-cells  of  goutv  subjects  necessarily 
give  rise  to  gouty  offspring.  Doubtless  if  the  germ-cells,  because  of  their 
unfavourable  immediate  surroundings,  suffer  in  vigour  or  vitality,  the  offspring 
derived  from  them  are  likely  to  be  less  vigorous,  and  hence  more  likely  than 
their  immediate  ancestors  to  suffer  from  gout  and  other  diseases. 

It  would  be  an  easy  matter  to  give  instances  of  the  offspring  varying  with  the 
condition  or  fitness  of  the  parents ;  but  it  will  suffice  if,  oefore  discussing  inter- 
crossing, I  refer  to  the  influence  of  change  of  habitat. 

Is  Change  of  Habitat  a  Cause  of  Variation  ? 

It  has  long  been  recognised  that  a  change  of  surroundings  may  profoundly 
influence  the  reproductive  system,  in  some  cases  increasing  the  fertility,  in  others 
leading  to  complete  sterility.  Exotic  plants,  sterile  it  may  be  at  first,  often 
become  extremely  fertile,  and  when  thoroughly  establishea  give  rise  to  new 
varieties.  In  the  case  of  mares  obtained  from  Iceland  and  the  south  of  England 
sometimes  a  year  elapses  before  they  breed.  An  Arab-Kathiawar  pony  which 
arrived  during  April  from  India,  proved  during  the  first  three  months  quite  sterile, 
owing,  I  believe,  to  loss  of  vigour  on  the  part  of  the  germ-cells,  their  vitality 
being  onlv  about  one-tenth  that  of  a  home-bred  hackney  pony.  But  the  fertility  is 
apparently  greatly  impaired  by  even  comparatively  slight  changes  of  environment. 
Lions  which  breed  freely  in  DubUn  seem  to  be  sterile  in  London,  ai^  I  heard 
recently  that  when  bulls  are  changed  from  one  district  to  another  in  the  north  of 

*  In  these  young  birds  the  breast  and  some  of  the  wing  feathers  are  imperfect. 
Fanciers  regard  this  condition  of  the  feathers  as  evidence  of  constitutional  weakness. 
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Ireland  the  immediate  result  may  be  complete  sterility.  The  tendency  of  some  exotic 
plants  to  '  sport '  after  they  become  acclimatised  is  doubtless  due  to  the  fact  that 
their  new  habitat  is  unusually  faTOurable,  their  general  vigour — so  essential  for 
new  developments — is  increased,  and,  probably  because  certain  groups  of  germ 
units  are  constantly  stimulated  by  the  new  food  available,  they  give  rise  abruptly 
or  gradually  to  new  and  it  may  be  unexpected  characters.  No  one  doubts  that 
the  bodily  vigour  is  liable  to  be  impaired  by  fevers  and  other  diseases,  by  changes 
in  the  habitat,  unstdtable  food,  rapid  and  unseasonable  changes  of  temperature, 
and  the  like ;  hence  it  will  not  be  surprising  if  further  investigations  prove  that 
changes  in  the  soma,  beneficial  as  well  as  injurious,  are  reflected  in  the  germ-cells, 
and  thus  indirectly  induce  variation.  Moreover  there  are  excellent  reasons  for 
believing  that  thegerm-cells  are  influenced  by  seasonable  changes,  such  as  moult- 
ing in  birds  and  changing  the  coat  in  mammals.  In  the  case  of  pigeons,  e.^.^  the 
young  bred  in  early  summer  are,  other  things  being  e^ual,  larger  and  more 
vigorous,  and  mature  more  rapidly,  than  birds  hatched  in  the  late  summer  or 
autumn.  But  however  sensitive  the  germ-cells  may  be  to  the  changes  of  their 
immediate  environment,  e.e.,  the  soma  or  body  in  which  they  are  lodged,  there  is 
no  evidence  whatever  that  (as  Buflbn  asserted  and  Darwin  thought  possible) 
definite  changes  of  the  soma,  due  to  the  direct  action  of  the  environment,  can  be 
imprinted  on  the  germ-cells.  By  the  direct  action  of  the  environment — food, 
temperature,  moisture,  &c. — the  body  in  whole  or  in  part  may  be  dwarfed, . 
increased,  or  otherwise  modified ;  but  such  changes  only  influence  the  genn-cells  in 
so  far  as  they  lead  to  modifications  in  their  vigour  and  nutrition.  They  mi^ 
expedite  or  delay  maturity,  alter  the  length  of  the  reproductive  period,  interfere 
with  the  nutrition  of  the  germ-cells,  or  retard  the  development  of  the  embryo,  but 
they  seem  incapable  of  giving  rise  to  definite  structural  or  functional  variations  in 
the  offspring. 

Intercrossing  and  Interbreeding  as  Causes  of  VaricUion. 

The  belief  was  once  common  amongst  naturalists  that  variability  was  wholly 
due  to  crossing,  and  at  the  present  day  naturalists  and  breeders  alike  agree  that 
intercrossing  is  a  potent  cause  of  variability,  and  are  unanimous  in  regtffdii^ 
interbreeding  as  an  equally  potent  means  of  checking  variability.  The  opinion  is 
also  general  that  intercrossing  has  a  swamping  influence ;  tliat  having  brought 
forth  new  forms  it  forthwith  proceeds  to  destroy  them.  Darwin,  when  discussing 
reversion,  points  out  that  intercrossing  often  speedily  leads  to  almost  complete 
reversion  to  a  long-lost  ancestor,  t.0.,  to  the  loss  of  recently  acquired  and  the 
reappearance  of  long-lost  characters.^  When,  however,  he  comes  to  deal  with 
variability,  he  states  that '  crossing,  like  any  other  change  in  the  conditions  of 
life,  seems  to  be  an  element,  probably  a  potent  one,  in  causing  varialnlity,*  ^  the 
ofispring  of  the  first  generation  being  generally  uniform,  but  those  subsequently 
produced  displaying  an  almost  infinite  diversity  of  character.  As  to  the  influence 
of  inbreeding,  he  says  '  close  interbreeding,  if  not  carried  to  an  injurious  extreme, 
far  from  causing  variability,  tends  to  fix  the  character  of  each  breed.' ' 

These  statements  may  be  quoted  in  support  of  the  very  common  belief  that 
intercrossing  is  both  a  potent  cause  of  variation  and  of  reversion ;  that  it  produces 
new  varieties  one  moment  and  swamps  them  the  next.  Whether  intercrossing 
may  be  regarded  as  the  immediate  cause  of  variation  or  of  reversion  (it  can  hardly 
be  both)  depends  on  what  is  implied  by  variation.  Obviously,  variation  may  be 
either  progressive  or  retrogressive,  i.e.,  the  offspring  may  differ  from  their  parents 
in  havmg  quite  new  characters  or  in  presenting  ancestral  characters,  or  in  being 
characterised  by  traits  neither  new  nor  old,  due  to  new  combinations  of  characters 
already  recognised  as  belonging  to  the  variety  or  species.  When  intercrosang 
results  in  the  restoration  of  old  characters,  we  have  reversion  or  retrogressive 
variation ;  when  to  new  combinations  of  already  existing  characters  like  new  com- 
binations in  a  kaleidoscope,  we  have  new  variations  of  a  non-progressive  kind, 
t 

*  Animals  and  Plants^  vol.  i.  p.  22. 
»  IHd,^  vol.  ii.  p.  254.  »  Jhid.y  vol.  ii.  p.  251. 
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almost  always  characterised  by  more  or  less  reversion ;.  when,  however,  inter- 
crossing  results  in  the  characters  of  one  variety  being  engrafted  on  another,  or  to 
the  appearance  of  characters  quite  new  to  the  species,  we  have  progressive 
variation.  Judging  from  the  results  I  have  obtained,  intercrossing  of  two  distinct 
yarieties  results,  as  a  tule,  in  the  loss  of  the  more  striking  characters  of  both 
parents,  t.^.,  in  more  or  less  marked  reversion,  the  extent  of  the  loss  generally 
depending  on  the  difference  between  the  forms  crossed.  For  example,  if  an  owl 
ligeon  is  crossed  with  a  pigeon  known  among  fanciers  as  an  archangel,  nondescript 
firds  are  obtained,  which  may  at  once,  with  a  white  fantail,  give  birds  almost 
identical  with  a  blue-rock — the  common  ancestor  of  all  our  breeds  of  pigeons. 
Intercrossing,  on  the  other  hand,  rarely  leads  to  the  blending  of  the  imaltered  charac- 
ters of  two  or  more  varieties,  and  it  never,  so  far  as  I  have  seen,  results  in  the 
appearance  of  characters  absolutely  new  to  the  species.  In  a  word,  the  immediate 
result  of  intercrossing  distinct  varieties  is,  as  a  rule,  more  or  less  marked  reversion. 
But  though  intercrossing  usually  results  in  retrogressive  variation,  it  is  indirectly 
an  extremely  potent  cause  of  progressive  variation.  This  is  due  to  the  fact  (better 
realised  by  botanists  than  zoologists)  that  cross-bred  offspring  (first  crosses)  are 
(unless  the  parents  have  been  enfeebled  by  interbreeding)  endowed  with  an  unusual 
amount  of  vigour,  t.e.,  intercrossing  is  of  supreme  importance,  not  only  because  it 
leads  to  the  co-mingling  of  germ-plasms  having  different  tendencies,  but  also  and 
perhaps  chiefly  because  of  its  rejuvenating  influence.  The  importance  of  this 
rejuvenation  is  usually  at  once  evident  if  intercrossing  is  immediately  followed  by 
interbreeding.  The  persistent  interbreeding  of  closely  related  forms  generally 
reduces  the  vigour,  and,  as  Darwin  points  out,  ^  far  from  causing  variability,  tends  to 
i&x  the  character  of  each  breed ' ;  ^  but  the  intercrossing  of  first  crosses  (or  of  highly 
vigorous  individuals  closely  rdated  in  either  the  direct  or  the  collateral  line) 
without  appreciably  weakening  the  constitution,  often  results  in  ofispring  display- 
ing, to  use  Darwin's  words,  *  an  almost  infinite  diversity  of  character.'  ^  The 
epidemics  of  variation,  so  often  the  outcome  of  interbreeding  first  or  at  least 
vigorous  recently  produced  crosses,  are  apparently  partly  due  to  the  union  of 
individuals  having  a  similar  tendency  checking  reversion,  and  partly  to  the 
vigour  acquired  by  recent  intercrossing.  This  much  may  be  inferred  from  the 
fact,  that  when  interbreeding  is  persisted  in  the  variability  dwindles  as  the  vigour 
ebbs. 

Breeders  agree  with  Darwin  that  first  crosses  are  generally  uniform,  and  that 
the  subsequent  oflfepring  usually  vary  immensely;  yet  neither  breeders  nor 
naturalists  seem  to  have  clearly  realised  that  interbreedmg  at  the  right  moment  is 
the  direct  cause  of  variation,  while  intercrossing  is,  except  in  very  rare  cases,  at  the 
most  an  indirect  cause  of  variation. 

It  may  be  here  said  that  it  is  impossible  to  over-estimate  the  importance  of 
vigour  in  studying  variation.  Without  vigour  no  race  or  breed  can  maintain  its 
position ;  without  renewed  vigour  it  is  hardly  likely  to  develop  new  characters. 
The  new  vigour,  as  already  explained,  may  be  obtained  by  intercrossing ;  but  it 
may  also  be  acquired,  especially  in  plants,  by  a  change  of  surroundings  accompanied 
by  ajplentiful  supply  of  suitable  food. 

With  rigid  selection  the  gradual  loss  of  vigour  may  escape  notice,  but  when 
selection  is  suspended,  rapid  deterioration  (from  the  fancier's  standpoint)  is  the 
inevitable  result.  If,  e.ff.,  a  number  of  pigeons,  good  specimens  of  a  distinct 
breed,  are  isolated  and  left  unmolested  for  a  few  years,  they  rapidly  degenerate. 
I.e.,  they  lose  their  show  points  (be  they  peaks,  frills,  ruffs,  or  metallic  tmts)  and 
reassume  the  more  fixed  ancestral  characters.  If,  however,  the  less  characteristic 
birds  are  eliminated,  and  high-class  birds  are  from  time  to  time  introduced  from 
another  loft,  the  vigour  and  the  distinctive  traits  are  indefinitely  preserved. 

If  the  age  and  condition  of  the  soma  and  the  state  of  ripeness  of  the  germ- 
cells  are  potent  factors,  and  especially  if  vigour  counts  for  much,  the  difliculties  of 
breeders  oecome  intelligible,  and  the  unlikeliness  of  intercrossing  being  a  direct 
cause  of  variation  all  the  more  evident.    The  most  that  can  be  Expected  from 

»  AniauUtaTid  Plants,  vol.  ii.  p.  251.  «  Ibid.,  vol.  ii.  p.  264. 
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intercrossiug  is  the  ougrafting  on  one  breed  of  the  characters  of  ano&er.  Even  this 
rarely  happens,  and  ia  only  possible  when  the  two  breeds  are  somewhat  allied.  It 
is  impossible,  cg.^  to  unite  in  one  individual  all  the  points  of  a  fantail  and  a  pouter, 
or  of  a  fantail  and  a  jacobin  *,  but  given  healthy,  vigorous  birds,  the  points  of  an 
owl  may  be  engrafted  on  a  barb.  Or  to  take  another  exam^e,  the  black  ears, 
feet,  &c.,  of  a  Himalaya  rabbit  may  be  combined  with  the  cnaracterlstic  form, 
long  hair,  and  habits  of  an  Angora.  It  may  be  impossible  to  predict  what  will 
happen  when  intercrosfflng  is  resorted  to,  but  If  pure-bred  members  of  a  distinct 
variety  are  experimented  with — and  it  is  useless  working  with  either  plants  or 
animals  of  unknown  origin — characters  not  already  present  in  one  of  the  varieties 
need  not  be  looked  for. 

But  while  interbreeding  at  the  right  moment  may  be  a  cause  of  progressive 
variation,  at  other  times  it  leads  to  what  is  perhaps  best  described  as  degeneration. 
When,  e.g.,  yetj  young  members  of  the  same  brood  or  litter,  or  unhealmy,  closely 
related  individuals,  or  quite  mature  and  apparently  vigorous  but  for  several 
generations  closely  related  animals  are  interored,  the  o££prin^  frequently  differ 
from  their  parents.  They  are  often  delicate  and  highly  sensitive,  and  imable  to 
survive  unless  provided  with  highly  nutritious  food;  and  though  they  matoie 
numerous  germ-cells  they  rear  but  few  offspring,  and,  what  is  still  more  stnldng, 
they  are  sometimes  either  white  or  all  but  devoid  of  pigment.  Offspring  thus 
chi^terised,  especially  when  white  or  nearly  white  in  c(uour,  e.y.,  nearly  white 
pheasants,  partndges,  and  woodcock,  white  specimens  of  the  brown  hare,  white 
squintls,  &o.,  are  sometimes  regarded  as  distinct  varieties,  but  when  the  departure 
from  the  normal  colour,  &c.,  is  the  result  of  close  inbreeding,  it  is  better  to  regard 
it  as  a  form  of  d^eneration. 

In  the  spring  of  1900 1  crossed  a  quarter-vnld  crey  doe  rabbit  with  a  closely 
inbred  black-and-white  buck.  The  young  obtained  varied  considerably  in  colour: 
to  one  of  her  offspring  coloured  like  the  sire,  the  grey  doe  produced  a  second  litter, 
all  but  one  decidedly  lighter  in  colour  than  the  sire.  Two  of  the  darker  members 
of  this  litter  produced  almost  white  young,  and  to  one  of  them  the  original  grey 
doe  has  recently  produced  a  light-coloured  litter  consisting  of  two  pure-white 
specimens,  two  with  only  a  narrow  dorsal  band,  two  fawn-coloured,  and  one 
black.  Close  interbreeding  with  goats  and  pigeons  yields  similar  results.  Birds 
on  small  remote  Pacific  islands  are  sometimes  marked  with  irregularly  dispo^ 
white  patches.  These  pie-bald  birds,  like  light-coloured  pheasants,  cream-coloured 
partridges,  and  dun-coloured  rooks,  may  also  be  the  victims  of  close  inbreeding. 

The  Swamping  Effects  of  Intercrossi'ng, 

The  question  *  Are  new  varieties  liable  to  be  swamped  by  intercrossing  ?  '  is 
perhaps  the  most  important  now  pressing  for  an  answer  from  biologist*.  What 
would  happen,  for  example,  if  specimens  of  all  the  different  breeds  of  cattle  were 
set  free  ana  left  unmolested  on  a  large  area  ?  Would  they  some  centuries  hence 
be  represented  by  several  breeds  or  by  one  ?  Many  would  answer  this  question  by 
saying  that  unless  some  of  them  in  course  of  time  were  isolated  by  mountains, 
deserts,  or  other  physical  barriers,  they  would  eventually  through  intercrossing 
give  rise  to  a  single  breed.  To  this  question  Darwin  would,  I  think,  have  given  a 
somewhat  different  answer,  for,  while  admitting  *  that  isolation  is  of  considerate 
importance  in  the  production  of  new  species,*  he  was,  on  the  whole,  *  inclined  to 
believe  that  largeness  of  area  is  of  more  importance.*  *  Unfortunately  Darwin 
nowhere  indicates  how  he  supposed  new  varieties  escape  bdng  swamped  by  inter- 
crossing. His  silence  on  this  important  point  is  difficult  to  explain,  for  during  his 
lifetime  the  influence  of  intercrossing  in  checking  progress,  except  in  one  direction, 
was  often  enough  insisted  on.  Huxley  tells  us  that  in  his  earliest  criticisms  of  the 
*  Origin ' '  he  ventured  to  point  out  that  its  logical  foundation  was  insecure  so  long 
as  experiments  in  selective  breeding  bad  not  produced  varieties  which  were  more 
or  less  infertile.^  ^    Later  Moritz  Wagner  and  others  pointed  out  the  important 

»  Origin  of  Species,  p.  104.  «  JAfe  (^  Jhnfeuor  Muxley,  p.  170. 
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p&rt  phydcal  isolation  had  played  in  the  origin  of  species ;  and  later  still  Komanes 
endeavoured  to  show  how  the  blighting  influence  of  free  intercrossing  might  he 
overcome  by  physiological  selection,  llomanes,  like  Huxley,  believing  several 
varieties  might  be  evolved  in  the  same  area  if  more  or  less  mutually  infertile. 
Evidence  of  the  importance  of  physical  isolation  is  plentiful  enough ;  but  neither 
has  experimental  nor  selective  breeding  proved  that  physiologic^  isolation  has 
been  instrumental  in  arresting  the  swamping  effects  ot  intercrosdng.  Hence, 
according  to  Huxley  and  others,  the  foundation  of  Darwin's  doctrine  of  natural 
selection  must  still  be  regarded  as  insecure.  Is  intersterility  the  only  possible 
means  by  which  new  varieties  can  be  saved  from  premature  extinction,  from  being 
destroyed  betore  they  have  a  chance  of  proving  their  fitness  to  survive  P  In  other 
words,  are  barriers  as  essential  among  wild  as  among  domestic  animals  ?  It  does 
not  seem  to  have  occurred  to  the  biologists  who  so  fully  realised  the  need  of  isola- 
tion, that  the  old  varieties  instead  of  swamping  might  be  swamped  by  the  new,  and 
that  several  varieties  might  sometimes  be  sufficiently  exclusive  to  flourish  and 
eventually  give  rise  to  a  like  number  of  s{>ecies  in  the  same  area.  If  on  an  island 
two  new  varieties  of  sheep  appeared  sufficiently  vigorous,  or,  as  we  say,  sufficiently 
prepotent,  to  swamp  all  the  other  varieties — aa  the  ill-favoured  lean  kine  did  eat 
up  the  fat  ones — and  yet  so  exclusive  that  their  cross-bred  offspring  invariably 
belonged  to  the  one  new  variety  or  the  other,  for  their  preservation  fences  and 
other  barriers  would  be  superfluous. 

la  there  any  evidence  that  by  prepotency  the  swamping  of  new  varieties  is 
sometimes  checked,  and  that  by  exclusive  inheritance  two  or  more  varieties,  though 
mutually  fertile,  maj  persist  in  the  same  are^,  occasionally  intercrossing  with  each 
other,  but  neither  giving  up  to  nor  taking  from  each  other  any  of  their  distinctive 
characters  P  I  have  in  my  possession  a  skewbald  Iceland  pony  that  produces  richly 
striped  hybrids  to  a  zebra,  out  skewbald  offspring  the  image  of  herself  in  make, 
colour,  and  temperament  to  whole-coloured  bay  Arab  and  Shetland  ponies.  This 
pony  instead  of  being  swamped  invariably  swamps  older  breeds,  A  number  of 
prepotent  skewbald  ponies,  wherever  placed,  woiUd  (especially  with  the  help  of 
prelerential  mating)  m  all  probability  soon  give  rise  to  a  distinct  race  such  as  once 
existed  in  the  East.  What  is  true  of  the  EquidsD  is  equally  true  of  other  groups. 
Black  hornless  Galloway  bulls  are  often  so  prepotent  that  their  offspring  with 
long-homed  brightly  coloured  Highland  heifers  readily  pass  for  pure-bred  Gallo- 
ways. The  wolf  is  prepotent  over  the  dog,  as  the  wild  rabbit,  rat,  and  mouse 
are  prepotent  over  their  tame  relatives.  As  an  instance  of  prepotency  in  rabbits, 
I  may  give  the  results  of  an  interbreeding  experiment  with  a  grey  doe,  the  grand- 
daughter of  a  wild  rabbit,  and  an  inbred  buck  richly  spotted  like  a  Dalmatian 
hound.  Of  six  young  in  the  first  litter  three  were  liie  the  sire.  To  one  of  her 
sons  the  grey  doe  next  produced  eight  young,  all  riclily  spotted,  and  subsequently 
to  one  01  her  spotted  grandsons  she  produced  two  spotted,  two  white,  and  two  grey 
ofl'spring.  Similar  results  are  obtained  with  plants ;  hybrid  orchids,  c.y.,  some- 
times reproduce  all  the  characters  of  one  of  the  parents. 

It  need  hardly  be  insisted  on  that  if  new  varieties,  well  adapted  for  their 
environment,  are  not  only  sufficiently  prepotent  to  escape  being  swamped  by  other 
varieties,  but  are  also,  like  the  spotted  rabbit,  able  to  hand  on  the  prepotency 
almost  unimpaired  to  a  majority  of  their  descendants,  progressive  development 
along  a  definite  line  will  be  possible.  But  of  even  more  importance  than  pre- 
potency is  what  for  want  of  a  better  name  may  be  known  as  exclusive  inheritance. 
Kecently  a  vigorous  mature  Indian  blue-rock  pigeon  mated  with  an  inbred  and 
equally  mature  fanttdl,  hatched  and  reared  two  birds,  one  exactly  like  a  blue-rock, 
but  with  fourteen  instead  of  twelve  tail  feathers;  the  other  characterised  by  all  the 
points  of  a  high-class  fantail,  the  tail  feathers  being  thirty  in  number — two  fewer 
than  in  the  fantail  parent,  but  eighteen  more  than  in  the  blue-rock  parent.  In 
this  case  the  blue-rock  was  the  exclusive  bird,  the  fantail  having  previously  pro- 
duced birds  with  only  sixteen  feathers  in  the  tail  when  mated  with  an  ordinary 
dereeot  pigeon.  A  still  more  striking  example  of  exclusiye  inheritance  we  have 
in  the  crow  family.  The  carrion  crow  and  the  hooded  crow  are  so  imlike  in 
colour  that  they  were  long  regarded  as  two  distinct  species ;  now  they  are  said  to 
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be  two  varieties  of  the  same  species.  The  carrion  crow  is  black  all  over,  but  in 
the  hooded  crow  the  breast  and  back  are  grtj.  These  two  crows  cross  freely  (but 
for  this  they  would  probably  still  rank  as  distinct  species) ;  but  in  the  crossbred 
young  there  is  never  any  bleuding — ^they  are  either  black  or  grey,  usually  both 
varieties  occurring  in  the  same  nest.  Similar  exclusiveness  occurs  amoo^ 
mammals.  When  distinct  varieties  of  cats  are  crossed^  some  of  the  young  usually 
resemble  one  breed,  some  the  other,  and  the  distinctions  may  persist  for  several 
generations.  A  white  crossed  with  a  tabby-coloured  Persian  cat  produced  a  pair 
of  white  and  a  pair  of  tabby-coloured  young ;  the  two  white  cats  when  interbred 
also  produced  two  white  and  two  tabby-coloured  individuals.  I  find  cats  are  hi 
more  exclusive  than  rabbits ;  perhaps  it  is  partly  for  this  reason  we  have  so  many 
species  and  varieties  of  wild  cats,  so  few  species  and  varieties  of  wild  rabbits. 
Another  very  striking  instance  of  exclusiveness  we  have  in  the  Ancon  or  *  Otter  * 
sheep  common  in  New  England  at  the  end  of  the  eighteenth  century.  This  breed, 
whicn  was  characterised  by  short  crooked  legs  and  a  long  back  like  a  turnspit  do^, 
descended  from  a  ram-lamo  bom  in  Massachusetts  in  1791.  The  offspring  of  thkt 
<  sport  *  were  never  intermediate  in  their  characters :  they  were  either  like  the 
original  Ancon  ram  or  like  the  breeds,  some  thirteen  in  number,  with  which  he 
was  mated.  Frequently  in  the  case  of  twins  one  was  otter-like,  the  other  an  ordinary 
lamb.  More  remarkable  still,  the  Ancou-like  crosses,  generation  after  generation, 
were  as  exclusive  as  their  crooked-legged  ancestor. 

Another  familiar  example  of  exclusiveness  we  have  in  the  peppered  moth,  a 
dark  varietv  of  which  in  a  few  years  swamped  the  older  light  variety  throughout 
a  consideraole  part  of  England,  and  b  now  extending  its  range  on  toe  Continent. 
It  thug  appears  that  when  a  new  variety^  is  sufficiently  prepotent,  instead  of  being 
swamped  it  may  actually  swamp  the  old-established  variety;  and  that  when  two 
or  more  varieties  are  sufficiently  exclusive  they  may  flourish  side  by  side,  and 
eventually  give  rise  to  two  or  more  distinct  species. 

Prepotency  may  hence  be  said  to  supplement  and  complete  the  work  of  the 
environment.  The  environment  seems  to  be  mainly  concerned  in  eliminating  the 
unfit;  whether  any  of  the  survivors  persist  depends  not  so  much  on  their  surround- 
ings as  on  whether  they  are  sufficiently  prepotent  and  exclusive  to  escape  being 
swamped  by  intercrossing.  This  way  of  accounting  for  progress  in  one  or  more 
directions  may  prove  as  inadequate  as  the  one  suggested  by  isolationists,  but  it  has 
the  merit  of  being  more  easily  tested  by  experiment.  It  not  only  gets  rid  of  the 
swamping  bugbear,  but  makes  it  matter  of  mdifi*erence  whether  (to  quote  from  the 
President's  address  at  the  last  Oxford  meeting  of  the  Association)  '  the  advan- 
tageously varied  bridegroom  at  the  one  end  of  the  wood  meets  the  bride,  who,  by 
a  happy  contingency,  had  been  advantageously  varied  in  the  same  direction,  and 
at  the  same  time,  at  the  other  end  of  the  wood.'  Further,  as  a  highly  prepotent 
vigorous  variety  can  very  well  afford  to  maintain  a  number  of  budding  organs,  it 
helps  us  to  understand  how  luminous,  electric,  and  certain  other  structures  were 
nursed  up  to  the  point  when  they  began  to  count  in  the  struggle  for  existence. 

Doubtful  Causes  of  Variation. 

Having  indicated  how  maturity  of  the  soma  and  of  the  germ-cells,  and  how 
bodily  welfare  and  interbreeding  may  act  as  causes  of  variation,  and  also  how 
swamping  of  the  new  variations  may  be  checked,  I  shall  now  refer  to  certain 
supposed  causes  of  variation. 

Maternal  Impressions, 

I  may  begin  with  the  widespread  belief  that  the  offspring  are  capable  of  being 
influenced  in  form,  colour,  and  temperament  by  maternal  impressions — the  belief 
we  associate  with  the  skilful  shepherd  who  peeled  wands  and  stuck  them  up  before 
the  fulsome  ewes.  MuUer,^  more  than  half  a  century  ago,  conclusively  aigued 
against  the  belief  in  maternal  impressions,  but  the  belief  sull  prevails.    I  know  of 

^  Elementt  of  Physiology ^  vol.  IL  p.  1405. 
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two  able  naturalists  who  subscribe  to  the  maternal  impression  doctrine,  and  it  is 
firmly  held  by  many  breeders  and  by  not  a  few  physicians.  A  writer  in  a  recent 
number  of  a  quarterly ,>  which  circulates  widely  amonc^  farmers  and  stock-keepers, 
boldly  asserts  that  the  existence  of  impressions  which  affect  progeny  (more  espe- 
cially in  colour)  is  a  settled  fact.  This  writer  supports  his  case  b^  redTerrinpr  to  a 
highly  successful  breeder  of  polled  An^  cattle,  who  considered  it  necessary  to 
surround  his  herd  *  with  a  tight  black  fence  m  order  to  keep  the  females  from 
dropping  red  calves  because  they  saw  the  red  herds  of  his  neignbours/  Reference 
is  also  made  by  this  writer  to  the  belief,  common  in  certain  parts  of  England,  that 
whitewashed  byres,  regardless  of  the  colour  of  the  parents,  produce  light-coloured 
calves ;  that  the  colour  of  foals  is  often  more  influenced  by  the  stable  companion  of 
the  dam  than  b^  her  own  colour  or  that  of  the  sire ;  and  that  even  the  colour  of 
birds  varies  with  the  immediate  surroundings,  fowls,  e.g,,  however  carefully 
penned,  hatching  birds  resembling  in  colour*' the  hens  they  habitually  see  in  a 
neighbouring  run.  If  maternal  impressions  thus  influence  the  offspring  they  must 
be  one  of  the  most  effective  causes  of  variation.  Purine  the  last  six  years  I  have 
bred  many  hundreds  of  animals,  but  the  nearest  approacn  to  an  instance  of  maternal 
impressions  was  a  dark  pup  with  a  white  rin^  half  round  the  neck,  which  suggested 
the  white  metal  collar  sometimes  worn  by  his  sure.  But  similar  rings  round  the 
le^  and  tail  rather  discredited  the  view  that  the  white  neck-ring  was  in  any  way 
related  to  the  sire*s  nickel-plated  collar.  Telegony  was  sometimes  said  to  be  due  to 
maternal  impressions.  It  was  doubtless  for  this  reason  that  I  was  urged  some 
years  ago  to  carefully  prevent  the  mares, u^ed  in  my  experiments  from  seeing  too 
much  of  the  zebras.  But  though  nunouMri^  jbals  have  been  bred  from  mares 
stabled  with  zebras  or  grazing  with  richly  striped  zebra  hybrids,  not  a  particle  of 
evidence  have  I  found  in  support  of  the  maternal  impression  doctrine.  The  foals 
have  neither  stripes  nor  upright  manes,  and  do  not  even  attempt  to  mock  the 
weird  barking  call  of  the  zebra.  Sheep  and  cattle,  goats,  rabbits,  and  guinea-pigs, 
fowls  and  pigeons,  have  simply  confirmed  the  results  obtained  with  horses.  This 
being  the  case,  j^rooms  may  veiy  well  omit  following  the  practice  (considered  so 
essential  in  Spain  during  the  Middle  Ages,  and  still  often  religiously  observed  in 
England  and  America)  of  setting  '  before  the  mares  ...  the  most  goodly  beasts ' 
by  way  of  hinting  to  them  the  kind  of  foals  they  are  expected  to  produce. 

The  Needs  of  the  Organism  as  a  Catcse  of  Variation, 

No  recent  biologists  are  perhaps  prepared  to  believe  like  Lamarck  that  the 
wings  of  birds  were  developed  by  tneir  remote  ancestors  making  efforts  to  fly ;  that 
by  stretching  its  toes  the  otter  acquired  webbed  feet ;  nor  are  they  prepared  to 
find  in  our  new  mammal,  the  Ocapi,  evidence  in  support  of  Lamarck's  contention 
that  to  meet  new  needs  the  giraffe  by  much  stretching  gradually  lengthened  his 
neck.  Yet  it  is  difficult  sometimes  to  see  any  real  difference  between  the  beliefs 
of  the  new  Lamarckians  and  the  old.  It  is  maintained,  for  example, '  that  when  a 
certain  functional  activity  produces  a  certain  change  in  one  generation  it  will  pro* 
duce  it  more  easily  the  next,'  that,  eg.,  flounders  and  their  allies  by  constant  efforts 
gjeneration  after  generation  have  dragged  the  left  eye  to  the  rip^ht  side,  while  by 
similar  efforts  in  the  turbot  and  certain  other  flat  fishes  the  right  eye  has  been 
shifted  to  the  left  side.  It  is  not  alleged  by  Neo-Lamarckians  that  globe  fishes 
resulted  from  round  fishes  blowing  themselves  out,  or  that  flounders  resulted  from 
round  fishes  generation  after  generation  making  efforts  to  flatten  themselves.  If 
by  germinal  variation  and  selection  flounders  were  evolved  out  of  round  fishes, 
is  it  not  straining  at  a  gnat  and  swallowing  a  camel  to  refuse  to  admit  that  by 
the  same  factors  the  left  eye  of  the  flounder  has  been  transferred  from  the  left  to 
the  right  side  of  the  head  ?  In  the  flat  fishes  it  is  not  difficult  to  imagine  how  by 
Tariation  and  selection  the  eyes  originally  acquired  the  power  of  responding  to 
certain  external  stimuli. 

*  Bibiyi  Quarterly,  Autumn  Number,  1900,  p.  163. 
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The  Direct  Action  of  the  Environment  and  Use- Inheritance  as  Causes 

of  Variation. 

Of  the  doctrine  of  the  transmission  of  acquired  characters,  still  so  often  the 
subject  of  discuasioui  I  need  say  little  more  than  that  I  have  failed  to  discover 
any  evidence  in  its  favour.  Writing  in  1876,  Darwin  says,  *  In  my  opinion  the 
greatest  error  which  I  have  committed  has  been  not  allowing  sufficient  weight  to 
the  direct  action  of  the  environment,  t.e,,  food,  climate,  &c.,  independently  of 
natural  selection.'  ^  Darwin  not  only  in  his  later  years  reverted  to  the  teaching 
of  Bufbn,  but,  in  as  far  as  he  continued  to  believe  in  the  <  inherited  effects  of  use 
and  disuse,'  he  adopted  the  views  of  Erasmus  Darwin  and  Lamarck.  While 
admitting  that  the  direct  action  of  the  environment  on  the  soma  and  use- 
inheritance  are  indirect — it  ipay  be  potent — causes  of  variation,  I  do  not  believe 
there  is  any  trustworthy  evidence  in  support  of  the  view  that  definite  somatic 
variations  are  ever  transmitted. 

Telegony  as  a  Cause  of  Variation, 

The  belief  in  telegony  is  less  deserving  of  consideration  than  the  doctrine  of 
the  transmiesion  of  acquired  characters.  Nevertheless  I  perhaps  ought  to  refer 
to  it  at  greater  length,  not  so  much  because  of  its  scientific  importance,  but 
because  it  interests  ^1  sorts  and  conditions  of  men  in  many  different  parts  of  the 
world.  Telegony  Q  infection  of  the  germ '  of  older  writerib)  means  that  not  only 
the  immediate  parents  but  also  the  previous  mates  (if  any)  contribute  to  the 
characters  of  the  ofi'spring ;  that,  e^.,  a  mare  which  had  produced  foals  to,  say. 
*  Ladas '  and  *  Persimmon '  might  thereafter  give  birth  to  a  foal  by  '  Flying  Fox, 
to  which  *  Ladas '  and  *  Persimmon,'  as  well  as  the  actual  sire,  contrilnitcd  some 
of  their  characteristics.  Many  even  think  a  sire  may  transmit  definite  structural 
characters  from  one  mate  to  another.  If  there  is  such  a  thing  as  telegony,  if  it  is 
possible  to  blend,  without  the  risks  of  intercrossing,  the  characteristics  of  several 
individuals  or  varieties,  progressive  development  would  be  greatly  accelerated. 
Though  the  doctrine  of  *  infection '  has  probably  loujg  formed  part  of  the  breeder  s 
rreed,  it  received  but  little  attention  from  men  of  science  until  in  1820  Lord 
Morton  communicated  a  case  of  infection  to  the  Koyal  Society,  which  in  due  time 
was  published  in  the  '  Philosophical  Transactions.'  In  this  the  most  credible  and  best 
authenticated  of  all  the  cases  of  telegony  on  record  a  chestnut  mar^,  after  rearing  a 
quagga  hybrid,  produced  to  a  black  Arabian  horse  three  foals  of  a  peculiar  wj 
colour,  one  of  them  (a  filly)  showing  more  stripes  than  the  quagga  hybrid,  and, 
according  to  the  stud  groom  in  charge  of  '  the  colta,'  characterised  by  a  mane 
'which  from  the  first  was  short,  stiff,  and  upright.'^  Darwin,  after  fully 
considering  Lord  Morton's  case,  came  to  the  conclusion  that  the  chestnut  mars 
had  been  infected,  and  this  case  along  with  others  led  him  to  believe  that  the 
first  male  influenced  ^  the  progeny  subsequently  borne  by  the  mother  to  otber 
males.'  ^  If  the  upright  zebra-like  mane  in  one  of  the  pure-bred  colts  and  the 
markings  on  all  three  were  the  result  of  the  chestnut  mare  having  been  first 
mated  with  a  quagga,  there  is  undoubtedly  such  a  thing  as  telegony,  and  the 
presumption  is  that  other  mares  first  mated  with  a  quagga  or  aebra  and  then  with 
a  black  Arabian  would  give  birth  to  striped  offspring  with  a  stiff  if  not  quite 
upright  mane.  The  evidence  that  from  the  first  the  mane  of  the  filly  was  abort, 
stiff,  and  upright  is  most  unsatisfactoiy.  It  consists  of  an  allegation  by  a  stud 
groom.  That  the  mane  was  upright,  as  in  the  quagga  and  zebra,  is  k  priori 
improbable,  (1)  because  the  mane  of  the  quagga  hybrid  instead  of  being  short  and 
stiff  was  long  and  lank  enough  to  arcl\  to  one  side  of  the  neck ;  (2)  becauae  the 
mane  of  zebra  hjrbrids  throu^out  the  greater  part  of  the-yeat  94  90  Jong  ^at 
it  falls  to  one  or  it  may  be  both  sides  of  the  neck ;  and  (3)  becau99  in  the  guides 

^  Life  and  JLeiters :  Letter  to  Moritz  Wagner. 

«  Pkil.  Trans.,  1820,  p.  21. 

•  Animals  and  Plants,  vol.  ii.  pp.  435,  436. 
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an  upright  mane  is  always  accompanied  by  a  tail  deficient  of  hairs  at  the  root — 
in  the  filly  the  tail  is  as  perfect  as  that  of  her  Arab  aire.  We  have  still  stronger 
evidence  that  the  allegation  of  the  groom  was  unfounded  from  drawings  (of  the 
chestnut  mare,  her  three  'colts/  the  black  Arab,  the  quagga,  and  the  quagga 
hybrid)  by  Affasse,  a  very  reliable  animal  painter  of  the  early  part  of  last 
century.  In  the  drawing  of  the  filly  the  mane  is  represented  as  lying  to  one  side, 
as  in  Arabs  and  other  well-bred  horses.  The  pictures  (now  in  the  Museum  of  the 
Koyal  College  of  Surgeons,  London)  were  made  because  the  subsequent  foals 
were  believed  to  prove  the  truth  of  the  '  infection '  doctrine.  Had  the  mane  of 
the  filly  been  erect  it  would  hardly  have  escaped  the  keen  eyes  of  the  artist. 
Bat  had  Agaese  by  any  chance  missed  this  all-important  detail,  Lord  Morton  or 
some  of  those  interested  would  doubtless  have  called  his  attention  to  the  matter. 
If  the  mane  of  an  Arab  is  completely  removed  early  in  the  spring  it  is  stitf,  and 
upright  in  the  autumn,  but  han^^mg  to  one  side  close  to  the  neck  in  the  following 
summier.  When  the  whole  circumstances  are  taken  into  consideration,  there 
seems  to  me  no  escape  from  the  conclusion  that  the  mane  of  the  filly  was  upright 
when  seen  by  Lord  Morton  in  August  1820,  and  lying  to  one  side  when  painted 
by  Agasae  the  following  summer,  because  it  had  been  regularly  cropped  or  at  least 
hogff^  tome  months  before  Lord  Morton's  visit.  But  wnatever  be  the  explanation 
of  me  want  of  agreement  between  the  mane  as  seen  by  Lord  Morton  and  as 
depicted  by  Agasse,  it  will,  I  think,  be  admitted  that  the  evidence  afl!brded  by  the 
mane  of  the  filly  is  hardly  sufficient  to  establish  the  truth  of  the  doctrine  of 
telegony.  Of  still  less  value  is  the  evidence  afibrded  by  the  make,  coat-colour, 
and  marklnl^  which  were  apparently  too  indistinct  to  deserve  the  name  of  stripee. 
The  colti  were  decidedly  Arab-like,  of  a  bay  colour  marked  more  or  less  '  in  a 
darker  tint.'  Jud^g  from  Agasse's  drawings  they  closely  resemble  Arab-Indian 
crosses  ;  they  are,  in  fact,  in  make  very  like  the  Arab-Eathiawar  horse  already 
referred  to.  I  have  seen  a  bay  Highland  cob  with  as  many  stripes  as  Lord 
Morton's  colts,  and  pure-bred  Arabs  ox  a  dun  colour  with  stripes  on  the  neck  and 
far  more  distinct  leg  bars  than  those  depicted  by  Agasse.  I  believe  the  colts 
owed  their  stripes  and  colour,  not  to  '  infection '  of  their  dam  by  her  previous  mate 
the  quagga,  but  to  reversion.  It  is  quite  possible  the  black  Arabian  horse  was  of 
mixed  origin ;  that  the  chestnut  mare  was  crossbred  is  admitted.  As  in  the  west 
of  Ireland  the  ofispring  of  black  and  chestnut  ponies  are  sometimes  of  a 
decidedly  dun  colour,  it  is  not  surprising  that  the  black  Arab  and  the  half-bred 
chestnut  had  bay  ofi*sprmg.  ^  either  are  the  stripes  surprising.  I  recently  ascer- 
tained that  the  chestnut  mare  was  presented  to  Lord  Morton  (while  serving  with 
his  regiment  in  India)  by  one  of  his  officers — Mr.  Boswell  of  Beeside,  Aberdeen- 
shire— and  that  she  was  most  likely  a  cross  between  an  Arab  and  a  country-bred 
pony.  In  Kathiawar  the  ponies  when  pure-bred  are  of  a  rufous  grey  colour  and 
more  or  less  richly  striped.  If  in  the  chestnut  mare  there  was  any  Kathiawar  or 
even  any  native  pony  blood  its  offspring  to  a  black  sire  might  have  been  expected 
to  be  of  a  dun  colour  and  striped.  In  a  word,  there  is  no  reason  for  assuming 
that  the  foals  would  have  been  less  striped  if  the  chestnut  mare  had  been  mated 
with  the  black  Arab  first  and  the  quagga  afterwards. 

By  way  of  testing  the  truth  or  the  *  infection  *  doctrine  I  started,  in  1895,  a 
number  of  experiments,  and  especiaUy  arranged  to  repeat  as  accurately  as  possible, 

q's  experiment.    Since  then  twelve  mares,  after 


what  is  commonly  called  Lord  Morton'c 

producing  sixteen  zebra  hybrids,  a  mule,  and  a  hinny,  have  had  an  opportimity  of 

supporting  the  telegony  hypothesis  by  giving  birth  to  twenty-two  pure-bred  foals. 

Buring  the  same  period  Baron  de  Parana  of  Brazil  has  bred  at  least  six  zebra 
hybrids,  and  some  of  the  dams  of  these  hybrids  subsequently  produced  ordinary 
foals.  Further,  Baron  de  Parana  has  for  a  number  of  years  been  engaged  in 
crowmg  cattle  and  in  watching  the  results  obtained  in  several  mule-breeding 
eatablishments,  where  from  400  to  1,000  brood  mares  are  kept.  As  in  these 
establishments  the  mares  breed  mules  and  horses  alternately — two  or  three  mules 
and  then  a  horse  foal~*there  has  been  carried  on  for  some  years,  under  the  observa- 
tipn  of  Baron  de  Parana,  a  telegony  experiment  on  a  gigantic  scale. 

The  single  hybrid  bred  by  Lord  Morton  had  extremely  few  stripes,  and  only 
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in  a  remote  way  suggested  a  member  of  the  zebra  family.  All  my  hybrids,  like 
those  bred  in  Brazil,  have  more  stripes  than  their  zebra  sire,  and  in  some  of  them 
the  bands  are  nearly  as  conspicuous  as  in  some  of  the  zebras,  thus  proving  that 
both  the  mares  (which  varied  in  colour  and  breed)  and  the  two  zebra  stallions 
used  were  well  adapted  for  the  experiment.  The  results  of  my  experiments,  not 
only  with  the  Equicias  but  also  with  other  domestic  quadrupeds  and  birds,  all  point 
to  the  conclusion  that  there  is  no  such  thing  as  telegony,  and  the  same  conduaion 
has  been  independently  arrived  at  by  Baron  de  Parana  in  Brazil.  Believers  in 
telegony — they  are  numerous  in  America,  India,  and  Australasia,  as  well  as  in 
England — almost  always  say  of  the  many  experiments  recently  made  with  a  view- 
to  giving  *  infection'  a  chance  of  showing  itself,  that  they  have  only  yielded 
negative  results,  and  they  generally  add,  it  is  impossible  to  prove  a  negative.  After 
carefully  considering  all  the  more  striking  so-called  cases  of  'infection,*  I  have  no 
hesitation  in  saying  that  there  is  no  satisfactory  evidence  that  there  has  ever  been. 
either  in  the  human  family  or  amongst  domestic  animals,  a  single  instance  of 
*  infection.' 

I  have  in  a  hurried  and  imperfect  manner  indicated  that  we  are  not  likely  to 
find  either  in  maternal  impressions,  the  direct  action  of  the  environment,  use- 
inheritance,  or  telegony  a  true  cause  of  variation.  I  have  endeavoured  to  point 
out  that,  instead  of  simply  stating  that  variation  is  due  to  the  constant  recurrence 
of  slight  inequalities  of  nutrition  of  the  germ-cells,  we  may  with  some  confidence 
assert  that  difierences  in  the  age,  vigour,  and  health  of  the  parents  and  differences 
in  the  ripeness  of  the  germ-celU  are  potent  causes  of  variation. 

I  have  also  endeavoured  to  prove  that  intercrossing,  though  a  direct  cause  of 
retrogressive  variation,  is  only  an  indirect  cause  of  progressive  variation,  while 
interbreeding  (in-and-in-breeding)  at  the  right  moment  is  a  cause  of  prcgressive 
variation. 

Further,  I  have  discussed  at  some  length  the  swamping  efiects  of  inter- 
crossing, chiefly  with  the  object  of  showing  (1)  that  progress  in  a  single  direction 
is  probably  often  due  to  new  varieties  swamping  old,  it  may  be  long-established, 
varieties ;  and  (2)  that  several  varieties  may  be  sufficiently' exclusive  to  flourish 
side  by  side  in  the  same  area,  and  eventually  (partly  owing  to  their  aloofness,  i^., 
to  diflerential  mating)  give  rise  to  several  new  species. 

I  have  only  now  to  add  that  I  was  mainly  led  to  select  '  The  Experimental 
Study  of  Variation '  as  the  subject  of  my  address  that  I  might  indirectly  indicate 
that  the  time  had  come  when  a  well  equipped  institute  should  be  provided  for 
biological  and  other  experiments. 

The  following  Papers  and  Reports  were  read : — 

1.  Tlie  Pelvic  Cavity  of  the  Porpoise  (Phocoena  communis)  as  a  guide  to  the 
determination  of  a  Sacral  Region  in  Cetacea.  By  David  Hbpburk, 
M,D.,  F.P,S,II,j  Lecturer  on  Regional  Anatomy,  and  David  Water- 
STON,  M,A,,  M,D.y  F,R.S,E,y  Demonstrator  of  Anatomy,  University  of 
Edinburgh, 

Among  Cetacea  the  absence  of  hind  limbs  renders  it  difficult  to  determine  from 
external  examination  where  the  trunk  of  the  body  ends  and  the  tail  begins,  but 
upon  the  skeleton  the  presence  of  chevrons  enables  us  to  differentiate  the  caudal 
from  the  so-called  lumbar  vertebrae.  No  means  of  subdividing  the  lumbar  verte- 
bra) into  lumbar  and  sacral  sets  having  hitherto  been  suggested,  the  authors  are  of 
opinion  that  a  key  to  such  subdivision  may  be  found  in  a  study  of  the  vertebral 
relations  of  the  pelvic  cavity.  They  have  determined  the  existence  of  a  true  pelvic 
cavity  in  the  common  porpoise.  This  cavity  corresponds  to  five  praa-caudal  verte- 
bne,  and  its  anterior  end  is  opposite  the  29th  vertebra  behind  the  skull.  The 
authors  have  examined  the  vertebral  columns  of  a  number  of  four-footed  mammab 
and  find  that  the  first  segment  of  the  fused  sacrum  varies  in  position  from  the 
27th  to  the  3l6t  vertebra  behind  the  skulL    Among  Cetacea  they  find  that 
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while  allowing  five  prse-caudal  vertebrse  for  a  sacral  seiies,  there  is  much 
yariability  regarding  tne  position  of  the  first  sacral  segment.  Thus,  among  cer- 
tain Mystacoceti,  it  would  occur  from  the  27th  to  the  31st  vertebra  behind 
the  skull,  but  in  Balsenoptera  sibbaldii  at  the  38rd  or  34th.  Among  toothed 
whales  (Denticeti)  the  variability  is  much  greater,  especially  among  Beiphinidte, 
not  onlv  in  different  species,  but  even  in  difierent  specimens  of  the  same  species 
and  in  different  sexes,  for  the  first  sacral  vertebra  may  be  situated  from  the  27th 
to  the  43rd  vertebra  behind  the  skull. 

Notwithstanding  these  differences,  the  position  of  the  pelvic  organs  indicates 
that  they  are  due  rather  to  variation  in  the  number  of  dorsal  and  true  lumbar 
vertebrae  than  to  increase  in  the  length  of  the  sacral  region.  Therefore,  from  the 
position  of  the  pelvic  organs  and  the  presence  of  a  peritoneal  cavity  (pelvic)  in 
Oetacea,  and  also  the  common  occurrence  of  five  vertebrsd  in  the  sacrum  of  quadru- 
pedal mammals,  the  authors  believe  that  among  Oetacea  five  pras-caudal  vertebree 
might  fairly  be  classified  as  sacral,  or,  conversely,  that  the  sacral  series  of  vertebrae 
might  be  reckoned  from  the  inlet  of  the  peritoneal  pelvic  cavity  to  the  first  of  the 
chevron-bearing  or  caudal  vertebrae. 


2.  The  Relationships  of  the  PremaxUla  in  Bears, 
By  Richard  J.  Anderson,  Jf.i>.,  Frofessor  of  Natural  History ^  Gcdway, 

The  premaxilla  presents  many  features  of  interest  because  of  its  relations  to 
other  bones  in  the  same  animal,  and  to  the  same  bone  in  other  animals,  also  because 
of  the  peculiar  position  which  was  assigned  to  it  in  the  vertebrate  theory  of  the 
Bkull. 

This  bone  in  the  bears  articulates  with  the  frontal,  and  differs  in  this  respect 
from  the  position  of  the  bone  in  other  camivora.  The  following  summary  repre- 
sents the  facts  in  the  species  examined: — 

Ursits  pyrenesus, — The  distance  from  the  alveolar  margin  of  the  premaxilla 
to  the  nasal  in  the  middle  line  is  2f  inches.    The  naso-premaxillary  suture  is 

3  inches  in  length.  The  premaxilla  1  inch  wide  below  by  3J  inches  in  length. 
The  nasal  is  3  inches  and  the  maxilla  3J  inches.  The  maxilla  is  thus  shut  out 
from  the  nasals. 

Ursus  labiatus, — The  length  of  the  skull  here  is  1  foot  and  the  premaxilla 

4  inches.  The  premaxilla  is  nearly  ^  inch  across  at  the  lower  end  of  the 
nasals.    The  measurement  from  the  incisor  alveolar  margin  to  the  lower  border 

.  of  the  nasals  is  2^  inches.  The  naso-premaxillary  articulation  is  2  inches  in 
length. 

Urms  arctos, — The  length  of  the  skull  is  1  foot  2  inches ;  nasals,  3 J  inches 
by  J  inch  broad  ;  premaxilla,  4 J  inches  long  by  f  inch  broad.  This  may 
be  compared  with  tne  last.  The  distance  of  the  alveolar  margin  from  the 
lower  border  of  the  nasals  is  2 J  inches.  It  is  1 J  inch  from  the  nasal  edge  to 
the  point  of  articulation  with  the  frontal.  The  naso-premaxillary  suture  is 
2^  inches.    Brown  bear  has  a  naso-maxillary  suture  (Owen). 

The  premaxilla  of  the  Himalayan  bear  reaches  further  up  and  back  than  in 
TJrsus  arctos  and  U.  labiatus.  Alveolar  mar^n  to  nasal  is  2\  inches ;  naso- 
premaxillary  sutiure,  1 J  inch  ;  premaxillary  maxillary  suture,  3J  inches. 

Heliarctos  has  a  skull  1  foot  in  length.  The  nasal  is  3  inches  and  premaxillary 
4  inches  long.  The  alveolar  margin  is  2^  inches  distant  from  the  nasals.  The 
naso-premaxillary  suture  IJ  inch. 

Ursu8  maritimus  has  nasals  4  inches  long  and  premaxillee  5  inches.  The 
nasals  appear  to  reach  higher  than  usual.  The  distance  of  the  lower  border  of 
nasals  from  the  alveolus  is  3^^  inches ;  the  naso-premaxillary  margin  is  1 J  inch. 

The  fen  bear,  an  ancient  variety  of  Ursus  arctos,  which  is  sometimes  found 
in  Irish  bogs,  has  a  premaxillary  maxillary  suture  3J  inches  long,  and  naso- 
premaxillary  1 J  inch  (a  little  less  than  in  CJ.  maritimus) ;  the  alvtolar  margin 
to  nasal,  2J  inches.  This  and  other  specimens  were  kindly  placed  at  my  disposal 
i^  the  Kildare  Street  Museum,  Dublin. 
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It  is  thus  observable  that,  whilst  in  some  specimens  («.^.^  the  Himalajan  and 
white  bear)  the  nasals  appear  to  be  proportionally  longer  (reach  higher  up),  thete 
appears  to  be  tolerable  uniformity. 

Comparing  Kindred  Oenera. — ^Herpestes  has  an  arrangement  similar  to  the 
bears.  The  specimens  examined  belonged  to  the  CoUege  of  Suigeons'  Musemn. 
The  marten  has  premaxillas  that  nearly  touch  the  frontals.  In  Oenetta  tiprma 
these  bones  approach,  and  in  the  specimen  examined  the  premaxilla  of  the  left 
side  touches  the  frontal.  The  premaxillae  in  Procyon  lotor  reach  almost  to  the 
frontal.  Mellivora  capemis  has  a  naso-maxillary  suture  three-eighths  of  an  inch 
long. 

The  Oanidsd  approach  the  Ursidae  in  onl^*  some  of  their  species  in  the  character 
of  the  connections  of  the  premaxilla.  Cams  aureus  has  a  naso-maxillaiy  suture 
one-eighth  of  an  inch  long,  or  less.  The  tips  of  the  frontals  and  premaxillsB 
approach  in  the  fox,  whilst  in  a  St.  Bernard  dog  3  inches  may  be  interposed 
between  the  maxillaries  and  frontals.  Hence  we  see  that  in  the  Canid»  there  is 
less  uniformity  than  in  the  Ursidse. 

The  common  otter  (Lutra  vulgaris)  and  the  sea  otter  do  not  show  any  articu- 
lated frontals  and  premaxillie.  The  grey  seal,  common  seal,  and  walrus  show 
no  resemblance  to  the  bears. 

The  whales,  Mesoplodon,  Orca,  and  the  dolphins,  on  the  other  hand,  have 
greatly  elongated  premaxillsQ  with  greatly  reduced  nasals,  whilst  in  the  Sirenia 
enormous  development  of  the  former  corresponds  with  abortion  of  the  latter. 

The  great  development  of  the  premaxiilee  in  rodents  and  elephants,  as  in  the 
dugong,  seems  to  be  associated  with  the  large  incisor  teeth,  but  the  hyrax  is  more 
like  the  Macropus  in  this  regard.  The  premaxillss  in  lemurs,  monkeys,  and  ant- 
eaters  are  short  and  attached  by  their  upper  ends  to  the  nasals ;  they  are  not  much 
concerned  in  the  elongation  of  the  skull  in  the  latter  group.  The  skull  of  Myrme- 
cophaga  jubata,  14  inches  long,  has  nasals  7  inches,  but  premazillse  very  abort 
and  set  perpendicularly  to  the  nasals,  the  external  inferior  angle  of  which  they 
touch.  The  apparent  separation  of  a  portion  of  the  frontal  part  of  the  premaxilla 
appears  to  be  the  result  of  a  wormian  ossification  such  as  is  seen  in  the  gorilla. 
Tne  *  accessory  premaxilla  *  found  in  relation  with  the  premaxilla  in  monotremes 
seems  to  have  no  representative  in  mammals  (Van  Bammelen).^  It  seems,  there- 
fore, that — 

(1)  The  UrsidaB  have  the  premaxilla  usually  articulating  with  the  frontal. 
The  suture  may  occupy  a  higher  level  in  some  forms. 

(2)  That  in  the  Procyon,  marten,  and  Genetta  the  bones  nearly  touch. 

(3)  Some  Canidaa  resemble  the  bears  in  having  the  maxillse  almost  separated 
from  the  nasals. 

(4)  That  the  otters  and  common  seals  difler  from  the  bears  in  this  regard,  as 
also  does  the  walrus. 


Report  on  the  Migration  of  Birds  in  Great  Britain  and  Irdand. 
See  Reports,  p.  364. 


4.  Report  on  the  Occupation  of  a  Table  at  the  Zoological  Station,  NapleB, 
See  Reports,  p.  354. 


5.  Report  on  the  Occupation  of  a  Table  at  tits  Marine  Biological 
Laboratory y  Fh/mouth. — See  Reports^  p.  376. 


6.  Report  on  the  *  Index  Animalium,* — See  Reports,  p.  862. 
'  Meckel,  Owen,  Turner,  De  Blalnville,  &Ct 
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7.  Report  on  the  Plankton  and  Physical  Conditions  of  the  English 
Channel. — See  Reports,  p.  353. 


8.  Eleventh  Report  on  the  Zoology  of  the  Sandwich  Islands. 
See  Reports,  p.  352. 


9.  Report  on  tJie  Coral  Re^s  qfthe  Indian  Region, — See  Reports,  p,  363, 


FRIDAY,  SEPTEMBER  13. 

The  folloTvlng  Papers  were  read ; — 

1.  The  Coral  Islands  o/tlis  Maldives.^    By  J.  Stanley  Gardiner,  M,A. 

The  Maldive  Archipelago  to  the  eouth-Tireet  of  Ceyloa  b  made  up  of  a  large 
series  of  comparatiTelj  shallow  banks  separated  from  one  another  by  channels  of 
about  170  fathoms  in  depth.  They  extend  north  and  south  as  a  chain,  double  in 
the  centre,  for  550  miles.  All  are  covered  with  coral  reeft  arising  to  the  surface. 
Some  banks  have  on  their  circumferences  the  single  ring-shaped  reefs  of  perfect, 
atolls,  while  others  are  studded  with  numbers  of  small  isolated  reefs  many  of 
which  are  of  circular  form  with  shallow  lagoons.  The  two  classes  of  bank  merge 
into  each  other,  and  the  changes  taking  place  at  the  present  day  are  such  that 
the  atolls  may  naturally  be  supposed  to  have  arisen  by  the  fusion  of  the  smaller 


All  land  in  the  Maldive  group  owes  its  origin  directly  or  indirectly  to 
elevation  and  in  most  atolls  is  very  markedly  washing  away.  Ever3rthing  points 
to  a  state  of  rest  at  the  present  day.  The  atoll  reefs  are  perfecting  themselves  on 
all  sides,  and  their  passages  are  closing  up.  The  reefs,  however,  are  not 
broadening,  but  to  a  certain  point  narrow  as  they  become  more  perfect.  The 
central  basins  of  atoUons  are  everywhere  coming  mto  iree  communication  with 
the  lagoons  of  the  atolls.  There  is  no  trace  whatever  of  the  filling  in  of  the 
lagoons ;  indeed,  such  evidence  as  was  found  pointed  ou  the  contrary  to  their 
further  widening  and  deepening,  and  to  the  gradual  destruction  of  the  shoals  and 
lands  within  their  encircli*  g  reefs.  The  Maldive  group  certainly  marks  the 
existence  of  an  ancient  land  area,  but  the  changes  going  on  are  not  consistent 
with  the  view  that  the  reefs  were  built  up  on  the  subsidence  of  the  land.  The 
various  reefs  appear  rather  to  have  grown  up  separately  on  slight  elevations  of  a 
common  plateau  at  a  depth  of  about  160  fathoms,  while  the  plateau  itself  seems 
to  have  been  formed  by  the  washing  away  of  the  original  land  by  wave  and 
current  actions. 

2.  On  a  Metliodfor  Recording  Local  Faunas, 
By  Edward  J.  Bleb,  i.yl.,  B,Sc. 

It  is  evident  that  fdunological  work  is  the  basis  upon  which  zoological 
investigations  of  all  kinds  are  founded.  The  important  questions  connected 
with  the  study  of  environment — since  the  biological  no  less  than  the  physical 
environments  of  any  particular  organism  must  be  taken  into  account — depend  for 
their  solution  on  an  accurate  and  complete  knowledge  of  the  associated  fauna  and 
flora.    There  are  unlimited  opportunities  for  work  on  this  fascinating  subject  at 

*  For  a  full  account  of  these  islands  see  Th^  Fauna  and  Geography  of  ihe  MaU 
tUves  and  Laceadivfi^  Camb.  Univ.  Press,  vol.  i.,  part  1  (October  15,  1901)  and  part 
2  (in  the  press). 
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OUT  own  dooTB,  and  for  this  reason  alone,  though  there  are  many  others  equally 
weifl^ty,  the  compilation  of  our  own  local  faunas  is  most  desirable. 

The  scheme  proposed  ^  consists  in  the  formation  by  natural  history  sodetiet 
of  card  or  slip  catalogues  of  species  on  a  similar  plan  to  the  library  cataloffues 
first  dcTised  in  the  United  States.  To  fsu^ilitate  reference  each  card  wonla  be 
filled  in  on  a  uniform  plan  with  the  name  of  genus  and  species  say  at  the  top 
left-hand  comer,  and  columns  or  spaces  for  lo^ity,  date  of  capture,  recorder, 
means  used  to  identify  the  specimens,  remarks,  in  fact  any  data  considered  desii^ 
able.  The  number  of  cards  or  slips  assi^ed  to  each  species  need  not  be  limited, 
but  would  depend  on  the  number  of  locahties  and  other  details  thought  neceesaiy 
to  be  recorded.  The  slips  might  vary  in  colour  to  indicate  which  entries  are  taken 
from  literature  and  which  are  due  to  personal  observation,  to  denote  extinct  species 
or  those  of  economic  importance,  or  to  make  any  useful  distinction.  The  slips  would 
be  arranged  on  files  on  a  definite  system  and  with  the  use  of  the  weU-lmown 
devices  for  dividing  into  groups. 

An  extremely  desirable  feature  of  the  scheme  would  be  that  each  slip  should 
be  represented  and  the  species  authenticated  bv  a  specimen  in  the  local  natural 
history  museum.  The  slip  could  easily  bear  a  reference  to  the  particular  specimen 
in  the  collection,  and  as  the  catalogue  became  filled  up  it  might  be  placed  in 
some  local  public  institution  where  it  could  at  any  time  be  utilised  ny  natu- 
ralists. 

In  this  manner  all  the  information  collected  by  the  members  of  local  societies 
could  be  brought  together,  from  whatever  source  obtained ;  and  there  is  no  reason 
why  the  fauna  of  a  given  district  should  not  in  course  of  time  be  completed  in  the 
same  sense  as  the  British  flora  of  flowering  plants  has  been  completed.  • 

The  district  need  not  necessarily  suppler  the  specidists  for  all  the  groups  of 
animals.  Specialists  at  a  distance  would  in  many  cases  be  pleased  to  work  oat 
collections  carefully  furnished  with  localities,  &c.,  and  th^s  supply  the  data  for 
filling  up  slips. 

This  scheme  not  only  allows  of  the  widest  co-operation  by  bringing  to  a  focus 
both  the  results  of  systematic  work  and  that  of  a  more  desultory  nature,  but  also 
favours  the  co-ordmation  of  faunistic  observation,  since  overlapping  of  work 
would  at  once  become  apparent,  and  the  gaps  caused  by  neglect  or  certain  {«Toup8 
of  animals  would  declare  themselves,  and  thus  attention  and  interest  in  fil£ng  up 
the  deficiencies  would  be  invited. 

Another  advantage  is  the  fact  that  the  scheme  can  be  started  at  any  time  bj 
filling  up  any  number  of  slips,  however  small,  and  that  then  all  additions  whether 
made  singly  or  in  quantity  will  at  once  find  their  proper  places  and  by  accumula- 
tion eventually  bring  the  list  nearer  and  nearer  to  completion. 

The  present  time  is  ripe  for  the  commencement  of  this  work.  There  seems  to  be 
no  reason  why  it  should  be  deferred,  and  a  strong  argument  in  favour  of  the  aawr- 
tion  is  given  by  so  highly  competent  a  body  of  naturalists,  the  German  zoologists, 
having  committed  themselves,  and  no  doubt  wisely,  to  that  great  undertiudng 
'DasTierreich.* 

It  is,  I  think,  desirable  to  consider  whether  some  body  of  English  naturalists 
with  the  necessary  authority,  say  the  Committee  of  the  Conference  of  Delegates  to 
the  British  Association,  should  not  see  to  it  that  the  local  Natural  History  Societies 
of  the  United  Kinffdom  adopt  some  such  plan  of  record  upon  one  and  the  same 
system.  Such  a  body  of  naturalists  could  draw  up  the  most  generally  convenient 
and  useful  form  of  slip  and  impress  upon  the  Societies  the  value  of  cataloguing  by 
its  use  in  a  uniform  manner  the  fauna  of  the  whole  country.  Having  the  method 
provided  would  perhaps  encourage  some  societies  to  take  up  the  wor£ 

Political  divisions  and  areas  surrounding  large  towns  are  not  often  of  zoologkal 
value.  The  results  obtained  by  this  larger  scheme  would  eventually  have  to  be 
rearranged  according  to  the  natural  features  of  the  country.  By  making  the  slips 
all  uniform  the  final  rearrangement  would  be  enormously  facilitate,  if  not 
reduced  to  the  minimum  of  labour. 

*  First  suggested  by  myself  to  the  Cambridge  Entomological  and  Natural  Histoiy 
Society  in  a  paper  read  on  April  26, 1901. 
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In  concluding,  I  mugt  acknowledge  the  assistance  I  have  obtained  by  dis- 
cussing the  locfu  scheme  with  the  members  of  the  executive  committee  of  the 
Cambridge  Entomological  and  Natural  History  Society,  which  intends  commencing 
a  fauna  of  Oambridg^hire  on  the  lines  suggested. 


Some  Notes  on  the  Behaviou/r  of  young  Gulls  artifioially  and  naturally 
hatched, — See  Reports,  p.  378. 


4,  The  Theory  of  ^ Germinal  Selection^  in  Relation  to  the  Facts 
of  Inheritame.^    By  Professor  J.  Arthur  Thomson,  M,A, 

The  aim  of  this  communication  was  to  test  Weismann's  theory  of  germinal 
selection  by  using  it  as  an  interpretation  of  some  important  facts  of  inheritance. 
The  author  gave  a  brief  abstract  of  the  theory.  It  is  an  extension  in  the  applica- 
bility of  the  general  idea  of  natural  selection.  To  '  superorganic '  selection, 
ordinary  'individual'  or  'personal'  selection,  Houx's  'histonal'  or  intra- 
organismal  selection,  Weismann  has  added  the  idea  of  a  struggle  among  the 
detixrminants  within  the  germ — germinal  selection. 

The  author  indicated  the  importance  of  a  form  of  struggle  between  Roux's 
bistonal  selection  and  Weismann's  germinal  selection,  namely,  the  struggle  between 
gametes  or  potential  gametes,  e.g.^  between  young  ova,  between  sperms,  even 
between  ova  and  sperms.  A  vivid  realisation  of  this  visible  struggle,  and  the 
sometimes  discriminate  selection  which  it  implies,  mav  lead  naturally  to  an 
appredation  of  germinal  selection  which  deals  with  the  wholly  invisible. 

The  following  extension  of  Weismann*s  idea  of  germinal  selection  was  pro- 
posed as  logical  and  necessary: — Just  as  there  are  three  types  of  individual 
struggle,  (!)  between  kindred  organisms,  (2)  between  organisms  not  akin,  and 
I'd)  between  organisms  and  the  so-called  inanimate  environment ;  so  there  may  be 
(1)  struggle  between  determinants  of  the  same  character,  (2)  struggle  between 
diflferent  lands  of  determinants  (Weismann),  and  (3)  struggle  between  all  or  any 
of  the  determinants  and  the  somatic  or  more  external  environment. 

After  stating  the  advantages  of  Weismann's  theory  and  possible  objections, 
the  author  proceeded  to  test  it  in  relation  to  various  facts  of  inheritance: — 
(1)  The  frequently  anomalous  and  unpredictable  nature  of  the  results  of  a  pairing 
even  when  the  pedigrees  are  well  Imown ;  (2)  the  phenomena  of  preponderant 
and  exclusive  inheritance ;  (3)  some  of  the  results  of  the  '  Penycuik  experiments ' 
on  the  importance  of  the  relative  ripeness  of  the  gametes;  (4)  some  well- 
established  cases  of  true  reversion ;  (5)  the  supposed  greater  stability  and  domi- 
nance of  the  phylogenetically  older  characters;  (6)  inbreeding;  (7)  different 
modes  of  variation,  including  De  Yries'  mutation ;  and  (8)  the  indirect  effect  which 
exogenous  changes  may  have  on  the  germ  plasm. 

The  author's  conclusion  was  that  Weismann's  theory  of  '  germinal  selection ' 
justifies  itself  provisionally  as  a  formula  unifying  a  large  number  of  otherwise 
unrelated  facts  of  inheritance. 

5.  The  Heterotypical  Division  in  the  Maturation  Phases  of  tJie  Sexual 
Cells,    By  Thomas  H.  Bryce,  M.A.,  M,D. 

Of  the  features  of  Heterotypical  Mitosis  the  one  generally  selected  as  distinc- 
tive is  the  ring  form  of  the  chromosomes,  each  ring  being  considered  to  arise  from 
the  incomplete  separation  of  the  two  products  of  the  longitudinal  cleavage  of  a 
primary  chromatm  rod.  The  manner  in  which  these  ring  chromosomes  are 
resolved  has  been  variously  interpreted.  For  the  purposes  of  this  note  it  will 
suffice  that  three  interpretations  be  summarised,  thus : — 

*  The  paper  will  be  included  in  the  author's  work  on  Heredity  (John  Murray, 
1902). 
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Iflt.  The  rings  are  drawn  out  on  thd  spindle,  and  break  into  V'^hftped  daugliter 
chromosomes. 

In  the  anaphase  in  some  cases  each  daughter  V  is  found  again  divided  into 
two  V*Sy  and  the  secondary  cleayage  is  held  to  be  longitudinal.  In  other  oases 
the  V's  break  at  their  apices  into  double  rods  by  a  cleavage  held  to  be  transverse. 
No  solution  of  this  contradiction  is  found  along  this  line. 

22nd.  The  rings  are  doubled  up  on  them^lves  and  are  resolved  by  being 
reopened  alon^  the  plane  of  the  bend.  There  is  a  second  longitudinal  cleavage 
seen,  but  it  is  only  apparent.  Variation  in  the  form  of  the  chromosomea  is 
explained  by  variation  in  the  de^e  of  the  cleavage,  by  variation  in  the  insertion 
of  the  traction  fibres,  and  by  difierent  degrees  of  bending  of  the  rings  (Fanner  and 
Moore). 

3rd.  There  is  a  real  second  longitudinal  cleavage  which  appears  in  the 
metaphase,  and  is  completed  in  the  anaphase  of  the  first  Mitosis.  Thus  daughter 
and  granddaughter  chromosomes  are  formed  in  the  course  of  the  first  Mitosis,  the 
second  Mitosis  merely  distributing  the  granddaughter  chromosomes  (Qregoiie, 
Rtrasburger,  1000). 

This  view  of  the  heterotype  serves  in  Strasburger's  latest  work  to  explain  all 
the  phenomena  in  plants — difierences  arising  only  from  the  manner  in  which  the 
double  rod  prophase  figures  are  placed  on  the  spindle.  In  the  animal  aeries  only 
Oamoy  and  Le  Brun  and  Janssens  adopt  the  idea  of  the  simultaneous  double 
lon^tudinal  cleavage  in  Triton. 

When  true  tetrads  occur  the  first  Mitosis  is  not  strictly  heterotypical  in 
character.  In  recent  studies  of  the  phases  in  Echinus  I  have  found  typical 
tetradal  bodies,  never  rings,  yet  the  first  Mitosis  is  heterotypical  in  character,  and 
my  results  show  that  part  at  least  of  the  problem  of  reduction  lies  nof,  as  has  been 
held,  in  the  determination  of  the  ori^n,  but  rather  in  the  /hU  of  the  tetrads. 

Thus  in  Echinus  esculentus  there  axe  sixteen  tetrads,  each  consisting  of  a  pair  of 
slightly  curved  bilobed  rods  lying  back  to  back.  The  tetrads  oome  to  lie  radially 
on  the  first  polar  spindle.  Each  is  opened  out  like  a  hinge  from  within  outwards, 
while  at  the  same  time  a  second  longitudinal  deavage  is  taking  place  from  without 
inwards.  Losenge^haped  figures  are  produced :  these  elongate  greatly  and 
ultimately  break  at  the  equator  into  two  y%  which  again  in  the  anaphase  break 
at  their  apex  to  form  two  short  bilobed  rods  lying  back  to  back.  This  apical 
splitting  b  the  completion  of  the  second  longitudinal  splitting.  These  bilobed 
rods  pass  unchanged  into  the  second  Mitosis,  arrange  themselves  radially  on  the 
spindle,  are  opened  out  and  separated  i'rom  one  another  as  the  granddauffhter 
cnromosomes,  formed  in  the  anaphase  of  the  1st  Mitosis  by  the  second  lonffitadinal 
cleavage.  In  the  second  polar  body  each  remains  as  a  short  bilobed  rod,  but  in 
the  ovum  each  greatly  elongates  into  a  sharply  bent  V*  This  change  in  the  aiae 
of  the  chromosomes  is  important  as  indicating  the  relaxation  from  the  very  con- 
densed condition  of  the  chromatin  rods  characteristic  of  the  divisions  with  the 
reduced  number  of  chromosomes. 

Applying  the  hypothesis  of  '  Pseudo-reduction '  (Hacker  and  Riickert)  to  the 
facts  observed  each  half  of  the  tetrad  might  be  considered  to  represent  two 
chromosomes  united  end  to  end  by  the  omission  of  the  last  segmentation  of  the 
chromatin  thread.  Through  all  the  phases  the  fate  of  each  lobe  or  sphere  of  the 
tetradal  body  can  be  traced.  The  facts  can  be  expressed  in  the  usual  formula, 
thus,  for  each  of  the  sixteen  tetrads : — 

Isf  Mitosis, 

b  b  b  b  b  b  b 

/I  A  A  All 

aa             a              a  aa  aa  as            aa 

(1)      II      (2)    a      (3)    a  (4)    ;i  (5)    aa  (6)    aa    (7)      a  a 

b  b              \  V  V  V                 I 

b           b  b  b  b             bb 


Digitized  by 


Google 


TRANSACTIONS  OF  SECTION  D.  687 


2nd. 

Mito& 

is. 

b 

b 

1 

b 

1 

/ 

1 
a 

1 
a 

a 
a 

(3) 

a 

(4) 

b 

\b 

i 

1 
a 

(1)      II         (2)    :         (3)    •        (4)    b  (5) 

b  b 


>r^ 


b    ovum 


Thus  reduction  would  be  ouly  apparent  throughout. 

I  have  been  unable  to  determine  whether  the  tetrads  arise  bj  the  omission  of 
the  last  stage  of  the  segmentation  of  the  chromatin  thread  or  by  conjugation,  but 
as  each  element  is  twice  longitudinally  divided  in  the  heterotypical  division,  the 
chromatin  is  equally  distributed  between  the  ovum  and  the  polar  bodies,  and  there 
is  no  question  of  a  reducing  division  or  of  unequal  distribution  of '  qualities.' 

Whether  the  idea  of  <  pseudo-reduction '  as  represented  above  be  accepted 
or  not,  the  essential  feature  is  a  reduction  in  bulk  merely.  The  chromatin  sub- 
stance is,  in  Echinus  esculentus,  packed  in  the  maturation  phases  into  sixteen 
instead  of  thirtv-two  chromosomes.  In  view  of  the  fact — ^whether  the  hypothesis 
of  the  '  Individuality  of  the  Chromosomes  *  be  accepted  or  not — that  the  same 
number  of  chromosomes  always  emerge  from  a  dividing  nucleus  as  entered  it, 
this  reduction  in  bulk  of  the  chromatin  may  very  well  be  a  secondary  character 
acquired  to  maintain  the  number  of  chromosomes  constant  after  the  union  of  the 
nuclei  in  fertilisation. 

6.  The  Fishes  oftlie  Coata  Arctic  Expedition.  By  W.  S.  Bruce,  F.R.S.CS,^ 
Beriot  Research  Fellow  of  Edinburgh  University. 

The  author  gave  an  account  of  the  fishes  collected  by  the  Coats  Arctic  Expe- 
dition in  1898,  with  which  he  sailed  as  zoologist.  Mr.  Andrew  Coats,  of  Paisley, 
resolved  to  undertake  a  voyage  to  the  Arctic  regions  in  1898  in  his  yacht  *  Blen- 
cathia/  now  '  Pandora.'  The  *  Blencathra '  had  previously  been  used  for  Arctic 
exploration  by  Sir  Allen  Youn^  and  Mr.  l*opham.  On  board  there  was  the 
essential  apparatus  of  an  expedition,  fitted  out  for  oceanographical  research,  viz., 
Lucas  sounding  machine,  thermometers,  water-bottles,  trawls,  traps,  and  tow- 
nets.  On  the  return  of  the  expedition  Mr.  Coats  contributed  a  considerable  sum, 
which  enabled  the  author  to  sort  and  classify  the  collection  preparatory  to  a 
detailed  examination,  which  he  has  since  been  makinjg  by  the  help  of  the 
Geor^  Heriot  Research  Fellowship,  Edinburgh  University.  So  far  the  careful 
exammation  of  the  fishes  constitutes  the  greater  part  of  the  work.  There  are 
fully  400  fishes  in  the  collection,  about  sixty  of  which  are  adult  specimens 
belonging  to  eleven  species*  The  author  gave  an  account  of  these  species,  which 
he  has  examined  ,in  great  detail.  Tiie  collection  is  the  first  of  any  importance 
in  the  Barents  Sea,  and  is  useful  in  bridging  over  the  gaps  in  the  series  obtained 
bv  Payer  in  1874,  and  the  author  in  1896-97  in  Franz  Josef  Land,  and  those  of 
the  more  recent  Russian  expeditions  in  1898, 1899,  and  1900  of  the  Murman  coast 
of  Arctic  Russia. 


7.  Tl^  Fauna  of  Franz  Josef  Lamd,  %  William  S.  Bruce  FR.S.O.S. 
Heriot  Research  FeUoio  of  Edinhurgh  University, 

The  author  gave  a  preliminary  account  of  the  collections  of  the  Jackson-Harms- 
worth  Polar  Expedition  to  Franz  Josef  Land  in  1896-97,  when  he  accompanied 
that  expedition  as  zoologist.  The  author  was  able  to  secure  over  600  species  of 
animals,  by  far  the  largest  ever  obtained  by  any  previous  polar  expedition,  and 
lidded  aoout  500  species  to  the  previously  known  fkuna  of  Franz  Josef  Land.    He 
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made  most  of  the  collections  in  shallow  water,  near  the  shore,  at  Gape  Flora ;  but 
also  in  deep  water,  as,  for  instance,  in  the  farthest  north  station,  in  Si®  N.,  where 
he  dredged  in  260  fathoms.  Marine  invertehrates  form  hjr  far  the  peatest  part  of 
the  collections.  Three  new  mammals  were  recorded,  viz.,  the  Fin-back  Whale, 
Narwhal,  and  Floe  Rat  ^the  smallest  known  seal).  Also  five  new  birds,  vii., 
the  Lapland  Bunting,  Snore  Lark,  Turnstone,  Bonaparte's  Sandpiper,  Ptirple 
Sandpiper.  Among  invertebrates  the  crustacean  collection  is  the  most  renoaikable, 
173  species  being  obtained.  This  remarkable  number  is  greater  than  all  the 
previously  known  species  of  animals  of  Franz  Josef  Land.  Of  these  the  aathor 
pointed  out  that  there  were  ten  species  new  to  science,  and  that  the  striking 
feature  was  the  recurrence  in  the  high  north  latitude  of  species  which  inhabit 
British  shores.  Other  classes  of  animals  were  also  richly  represented  in  the 
collection. 

8.  On  the  Mechanism  of  the  Frog* 8  Tongue, 
By  Prof.  Marcus  Hartog  nmd  Nevil  Maskeltne. 


SATimDAY,  SEPTEMBER  U. 
The  Section  did  not  meet. 


MONDAY,  8EPTEMBEB  16. 
The  following  Papers  were  read : — 

1.  Dimorphism  in  Foramini/era.    By  J.  J.  Lister,  F.^,S. 


2.  T/ie  Relation  of  Binary  Fission  and  Conjugation  to  Variation^ 
By  J.  Y.  Simpson,  D.Sc.  * 

It  is  a  long-standing  generalisation  that  binary  fission  is  mere  duplication ;  that 
the  products  of  the  process  are  exactly  alike.  The  use  of  this  generalisation  in 
theory  is  obvious.  In  binary  fission  we  do  not  look  for  variation ;  accordingly  we 
are  left  with  an  excellent  rationale  of  conjugation,  and  so,  finally,  of  sexual  repro- 
duction, viz.,  a  means  to  produce  variation  in  the  interests  of  evolution. 

A  possible  objection  to  the  belief  that  binary  fission  is  duplication  may  be 
raised  on  a  prion  grounds.  Conjugation  would  still  appear  to  be  unconfirmed  in 
the  case  of  the  Amoeboidea.  If,  then,  there  was  no  variation  through  binary 
fission,  there  could  not  have  been  evolution. 

The  contention  is  not  that  there  is  always  variation  in  binary  fission,  which  is 
probable,  but  perhaps  impossible  to  prove.  Where  it  was  not  quantitative,  it 
might  yet  be  qualitative.  In  many  cases  quantitative  variation  cannot  be  e^- 
blished  under  a  less  magnification  than  625. 

The  species  specially  examined  in  this  connection  were  Paramecium  caudatum 
and  Stylonichia  pustulata.  The  points  to  which  hitherto  examination  has  been 
restricted  are :  (a)  the  general  outline ;  (b)  the  total  length ;  (c)  the  extrem&et 
breadth ;  (d)  the  distance  between  the  two  contractile  vacuoles  (Paramecium) ; 
(e)  the  length  of  the  middle  caudal  bristle  (Stylonichia). 

In  all  these  five  points  I  found  variation  ranging  in  (h)  from  1  to  20^,  in  (c) 
from  1  to  20/ui,  in  (rf)  from  1  to  20/jt,  for  Paramecium ;  and  for  Stvloniclua  in  (b) 
from  1  to  60fi,  in  (c)  from  1  to  20/ui,  and  in  (e)  from  1  to  10/i.  The  variation  in 
(a)  for  either  form  is  denionstn^ted  by  niicrophotographs.     The  general  con^ 
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fipondence  in  the  figures  is  due  to  extreme  cases.    The  following  are  the  statistics 
relating  to  the  points  b,  c,  din  fi  for  ten  pair  of  Paramecium  : — 


b 

c 

d 

First  pair  .... 

165.. .160 

45...40 

100... 95 

Second  pair 

180.. .190 

60.. .55 

105.. .100 

Third  pair 

200.. .193 

45.. .50 

110...110 

Fourth  pair 

140.. .150 

40... 45 

80.. .85 

Fifth  pair. 

180.. .190 

5D...55 

105...110 

Sixth  pair. 

230... 220 

60... 50 

110.. .105 

Seventh  pair 

260... 240    • 

85...90 

125... 115 

Eighth  pail- 

280... 260 

80...65 

145...125 

Ninth  pair 

260.. .240 

80...70 

115.. .105 

Tenth  pair 

250... 230 

75... 96 

120.. .110 

The  following  statistics,  also  in  fi,  relate  to  the  points  b,  c,  d  for  five  pair  of 
Stylonichia  pustulata : — 


b 

c 

d 

First  pair  .... 
Second  pair 
Third  pair 
Fourth  pair 
Fifth  pair 

240...230 
210...180 
230.. .240 
230.. .245 
230... 220 

120...110 
110... 90 
110.. .100 
116... 110 
90.. .110 

35.. .30 
40...30 
40... 40 
35.. .40 
35. ..30 

The  measurements  are  for  full-grown  forms,  but  the  microphotographs  of  Para- 
mecium show  variation  at  difi^erent  stages  of  development.  The  variation  was 
traced  into  the  succeeding  generation. 

From  the  fact  that  there  is  variation  in  binary  fission  we  get  additional  reasoc 
for  holding  with  Engelmann,  Maupas,  and  Biitschlly  as  against  Gruber,  that  the 
vegetative  phase  of  the  life  of  the  cillata  is  primary,  and  we  are  enabled  to  see 
in  conjugation  simply  a  device  whereby  tho  waste  involved  in  that  process  can 
be  refunded. 


3,  On  a  new  Form  of  Luminous  Organ.     By  W.  E.  Hoyle,  M,A» 


4.  Notes  on  Some  Bomean  Insects,    By  E.  Shelpord,  M,A» 

Orthoptera, — Two  species  of  aquatic  cockroaches — Epilampra  sp.  and  a 
Pauaesthiid — were  found  at  the  base  of  a  waterfall  on  Mount  Matang,  Sarawak. 
All  the  specimens  were  immature,  but  adult  forms  have  been  discovered  by  Mr. 
Annandale  in  the  Malay  Peninsula  ;  the  females  are  apterous.  These  cockroaches 
swim  and  dive  well,  but  are  soon  drowned  if  prevented  from  rising  to  the  surface 
to  breathe,  agreeing  in  this  characteristic  with  most  adult  aquatic  insects.  When 
at  rest  the  body  of  the  cockroach  is  almost  entirely  submerged,  the  tip  of  the 
abdomen  alone  projecting  above  the  surface  of  the  water ;  the  abdomen  moves 
gently  up  and  down,  and  every  30-40  seconds  a  bubble  of  air  issues  from  the 
prothoracic  spiracle  on  eacli  side.  Apparentljr  the  terminal  spiracles  are  purely 
inspiratory  in  function  and  the  prothoracic  expiratory. 

The  eggs  of  the  stick-insects  of  the  genera  Necrosia,  Marmessoidea,  and  Agon- 
dasoidea  are  not  seed-like  as  are  the  eggs  of  other  genera ;  twenty  or  thirty  only 
are  laid,  and  these  are  stuck  in  dose-set  rows  on  the  leaves  of  the  food-plant, 
not  dropped  promiscuously  on  the  ground.  The  eggs  are  long  and  somewhat 
flattened  ovals,  white  or  cream-cobured,  with  a  delicate  network  of  black  pigment 
over  the  upper  surface ;  there  is  no  capitulum.    The  young  hatch  out  in  10-14 


Digitized  by 


Google 


690  KfiPORT— 1901. 

day8>  and  the  empty  egg-shell  is  left  adhering  to  the  leaf  to  which  it  waa  onginal^ 
fastened. 

It  is  noteworthy  that  Phasmidse,  notwithstanding  their  wonderful  protectiTe 
resemblance  to  sticks  and  leaves,  are  the  staple  form  of  diet  of  Trogons. 

Neuroptera. — A  remarkable  Agrionid  nymph,  apparently  allied  to  Euphtea^ 
occurred  with  the  aquatic  cockroaches.  The  last  segment  bears  three  pear-ehi^ed 
processes,  and  a  pair  of  tracheal  tufts  protruded  from  and  withdrew'into  the  cloacal 
opening  in  a  rapid  systole  and  diastole  ;  the  tufts  open  to  the  exterior  on  each  side  of 
the  anus,  and  each  arises  from  the  seven  or  eight  branches,  into  which  the  twodonal 
tracheal  trunks  break  up  on  either  side  of  the  rectum  :  they  are  not  couneeled  in 
any  way  with  the  rectum.  The  pear-shaped  processes  are  hollow,  and  their  oaTitiet 
communicate  by  the  narrow  lumina  of  their  stalks  with  the  ^neral  body  cavity : 
they  are  lined  with  epithelium  and  contain  blood,  but  are  not  supplied  with 
trachesB.  It  is  possible  that  these  structures  are  highly  modified  caudal  giUa, 
which  now  function  as  blood  reservoirs,  the  flow  of  blood  to  and  from  which  may 
assist  in  the  diastole  and  systole  of  the  tracheal  tufts. 

Hymenaptera* — ^The  habits  of  the  bees  of  the  genus  Koptotikoioma  wero  in- 
vestigated. In  the  females  of  these  bees  there  is  a  chamber  at  the  base  of  the 
abdomen  containing  numerous  Acari ;  experiments  with  and  dissections  of  the 
nymphs  showed  that  the  Acari  do  not  enter  this  special  abdominal  chamber  until 
the  nnal  stage  in  the  development  of  the  bee  is  reached.  The  nests  of  Uiese  bees 
and  also  those  of  the  genus  Xylocopa,  which  are  hollowed  oat  in  softwood  posts 
and  dead  saplings,  simply  swarm  with  Acari. 

Coleoptera. — ^The  remarkable  Mormolyoe  phyllodes  excavates  in  Polypori  ftingi 
a  large  lenticular  chamber,  entered  by  a  narrow  slit  between  the  fungua  and  the 
bark  of  the  tree  to  which  the  fungus  is  attached ;  the  diamber  usually  contain!  a 
few  larvss  in  various  stages  of  development.  The  larvte  present  no  features  callinjc 
for  special  remark,  being  typicallv  Carabid  in  appearance ;  the  nymph  is  provided 
with  the  foliaceous  expansions  characteristic  of  the  adult.  A  male  and  flsmde 
Mormolyce  are  invariably  found  in  close  propinquity  to  the  nest,  keeping  a  close 
guard  over  it. 

The  metamorphoses  of  two  Lycid  beetles — LycoBtomus  melanurus  and 
Calochromus  melanurus — ^were  investigated.  The  larvse  of  both  species  are  found 
beneath  the  bark  of  trees,  and  they  feed  on  the  larvae  of  other  insects  which 
frequent  the  same  situations.  They  are  ponspicuously  coloured  with  black  and 
orange,  and  experiments  have  shown  that  they  are  as  distasteful  to  insectiyoroos 
vertebrates  as  the  adult  forms.  The  full-grown  larv^a  of  L,  melanurus  measures 
25  millimetres.  The  head  is  minute  and  can  be  completely  withdrawn  into  the 
iirst  thoracic  segment :  it  is  incomplete  behind,  and  does  not  enclose  the  brain  ; 
the  antennae  are  two-joint«d  and  retractile  into  a  sheath ;  a  simple  ocellus  is 
situated  at  the  base.  The  suctorial  mandibles  are  sickle-shaped  and  enclosed  in  a 
thin  chitinous  sheath ;  the  maxillae  consist  each  of  a  single  four-jointed  palp ;  the 
labium  is  a  triangular  plate  with  two  three-jointed  palps.  The  body  is  somewhat 
flattened  dorso-ventrally,  each  segment  except  the  last  bears  a  spiracle ;  the  last 
segment  bears  a  ventral  sucker  formed  by  the  everted  lips  of  the  rectum.  A  simple 
hook  represents  the  tarsus.  The  lai'va  of  Calochromus  melanurus  agrees  in  many 
points  with  the  above  description ;  the  segments  of  the  body  bear  short  lateral 
processes  with  a  spiracle  at  the  base  of  each :  these  processes  are  not  jointed  as  in 
the  Malacodermatous  larva  from  New  Britain,  figured  and  described  by  Dr.  Sharp 
(*  Zool.  Results  Willey  Exped. :  Insects'). 

Some  other  Malacoderm  larvae  of  considerable  size  (50-80  mm.)  were 
frequently  met  with,  but  their  life- histories  were  not  traced ;  in  fact  these  larve 
have  long  been  a  complete  puzzle  to  entomologists,  since  no  adults  of  oorreipoiid- 
ing  sizes  are  known.  The  external  features  of  one  form  have  recently  been 
described  by  Bourgeois  ('  BulL  Soc.  Ent.  France,'  1899,  pp.  58>63) ;  the  head  k 
83^tremely  like  that  of  the  Lycid  larvas  noted  above,  and  in  other  poi^tf  ef  itf 
anatomy  it  agrees  with  those  forms ;  the  cuticle  is  remarkable,  bc^  compo|D4  of 
columnar  cells  with  small  nuclei ;  the  inner  and  outer  ends  of  these  cells  are 
covered  with  a. thin  sheathing  of  chitin.    In  apoth^  fenB»  with  a  pair  ot^ho^ 
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phoreecent  organe  in  the  peDultimate  segment  of  the  abdomen^  the  cuticle  is 
glandular. 

Lepidoptera, — An  interesting  example  of  protective  resemblance  was  furnished 
by  a  small  Geometer  larva  which  was  found  feeding  on  the  budding  inflorescence 
of  a  spireea-like  plant.  The  larva  was  pale  green  in  colour  and  provided  with 
pairs  of  spine-lilce  processes  on  the  fourth  to  the  eighth  and  on  the  eleventh 
segment ;  to  each  of  these  spines'was  attached  by  a  delicate  secretion  of  glutinous 
silk  a  string  of  buds  of  the  in^orescence  on  >yhich  the  larvse  fed.  As  these  buds 
withered  and  turned  brown  they  were  east  off  and  renewed  by  fresh  green  ones. 
The  larva  did  not  move  about  much^  but  even  when  it  did  it  was  well-nigh 
indistinguishable  from  its  food-plant.  The  pupa,  which  was  enclosed  in  a  silken 
cocoon  covered  with  green  buds,  was  unfortunately  destroyed  by  ants,  and  no 
other  specimen  was  obtained. 

Diptera, — Some  larvse  closely  resembling  Vermileo  were  discovered  on  Mount 
Penrissen,  Sarawak,  at  a  considerable  altitude.  The  larvse  formed  pitfalls  in  sand, 
after  the  manner  of  ant-lions.    Their  habits  have  been  described  elsewhere. 

A  larva,  apparently  allied  to  Microdoitf  was  found  in  soma  number*  under  the 
sheathing  leaves  of  a  Caryota  palm :  it  was  remarkably  sluff-like  in  appearance, 
showing  no  signs  of  segmentation.  The  upper  surface  of  Uie  body  was  highly 
convex,  and  from  the  posterior  end  protruded  a  short  median  tube  at  the  base  of 
which  was  situated  a  spiracle ;  the  ventral  surface  was  flat  and  transversely  wrinkled ; 
there  were  no  legs  or  pseudopods ;  the  chitinous  head  was  completely  retractile. 
At  the  time  of  pupation  the  larval  skin  became  strongly  cjutinisedi  forming  a 
puparium  inside  which  the  farther  transformation  took  place. 

All  the  aqi;atic  dipterous  larvse  obtained  were  closely  allied  to,  if  not 
identical  with,  such  well-known  European  forms  as  Coreihra^  ChironomuSf 
TanypuSf  Eristdlis,  Stratiomya^  &c.^ 

5.  Zebras  and  Zebra  Hybrids,     By  Prof.  J.  Oossar  Ewart,  i/.Z>.,  F.H.S, 


6.  On  Echinonema  grayi,  a  large  Nematode  from  tlie  Perivisceral  Cavity 
of  the  Sea-urchin,     By  James  F.  Gemmill,  M.A.^  M.D, 

The  author  exhibited  some  Hpecimens  of  a  large  nematode  from  the  perivisceral 
cavity  of  the  sea-urchin  and  gave  an  account  of  their  occurrence  and  anatomy. 

Females, — Body  elongated,  600-1,500  mm.  in  length ;  2-4  mm.  in  breadth ; 
white  or  semitransparent,  tapering  at  both  ends,  the  posterior  end  being  slightly 
blunter  and  curved  in  a  half-circle.  A  delicate  cuticular  hook  at  both  ends. 
Mouth  and  anus  entirely  absent ;  the  whole  body  covered  by  a  delicate  cuticle, 
and  the  body  wall  thrown  into  a  series  of  shallow  transverse  folds  along  either 
side. 

Hypodermis,  a  single  layer  of  nucleated  cells ;  muscular  system,  a  single  layer 
-of  cells  beneath  hypodermis,  arranged  in  somewhat  irregular  longitudinal  rows 
along  the  ventral  third  of  the  body  wall,  and  arranged  less  markedly  in  transverse 
rows  on  the  dorsal  two-thirds  of  the  bodv  wall.  Excretory  system  of  canals 
absent.  Nervous  system,  a  thickening  of  the  hypodermis  at  head  end,  not  con- 
tinued backwards  mto  longitudinal  cords.  AUmentary  canal  apparently  a  mass 
of  spongy  reticular  tissue,  with  nuclei  and  protoplasmic  masses  at  intervals, 
with  an  irregular  lumen  ending  blindly  at  either  extremity.  Ovary  single, 
greatly  elongated  ;  development  internal,  with  total  unequal  segmentation,  followed 
by  a  modiiied  form  of  gastrulation. 

Males. — Much  smaller,  60-200  mm.  in  length,  with  tail  coiled  characteristically 
in  a  spiral,  with  two  equal  spicules  close  to  posterior  extremity. 

This  nematode  seems  to  have  hitherto  escaped  notice,  except  for  a  mention 
by  A.  E.  Shipley ,2  whose  specimen  did  not  allow  him  to  investigate  its  structure. 

>  Some  of  the  above  noted  insects  will  later  form  th«  subject  of  special  memoirs. 
«  ^.^.iir.5.»]900,p.281.  ^ 
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The  author  means  to  publish  a  fuller  account  of  the  worm  elsewhere,  and  proposes 
to  name  it  Echinonema  grayi. 


7.  Exhibition  of  Ahnotmal  Specimens  of  Nephrops.    By  F.  H.  Marshall. 


8.  Exhibition  of  Microscopic  Preparations  of  Mammalian  Hairs, 
By  F.  H.  Marshall. 


TUESDAY,  SEPTEMBER  17. 
The  following  Papers  were  read  :— 

1.  TJis  Fauna  of  an  Atoll.    By  C.  Forstee  Cooper. 

The  island  of  Holul^  is  a  large  wooded  sand  hank  placed  at  the  southern  end 
of  the  eastern  reef  of  Mal4  atoll ;  it  is  in  no  place  raised  more  than  three  feet 
above  high-tide  marks.  It  shows  signs  of  hairmg  once  been  much  larger,  and  of 
having  formerly  included  the  small  island  of  Gadu,  now  some  way  to  the  south. 
The  reefs  on  the  two  sides  of  the  island  differ  from  one  another  in  some  respects. 
The  eastern  and  seaward  reef  is  much  broader  than  the  western  or  lagoon  reef,  and 
is  divided  up  into  three  zones,  the  reef  flat,  boulder  zone,  and  boat  channel,  the 
latter  being  again  subdivided  into  three  zones  by  the  nature  of  its  inhabitants. 

On  the  western  side  the  boat  channel  is  narrower,  and  corresponds  to  the 
middle  zone  of  the  boat  channel  on  the  east  side ;  the  reef  on  this  side  is  more  rich 
than  the  other.  It  was  found  generally  that  species  were  often  confined  to  some 
particular  zone ;  that  where  free  sand  was  much  washed  about  by  the  action  of 
water  animals  could  not  and  did  not  flourish.  The  absence  of  all  seaweeds  waa 
also  noticeable. 

In  the  lagoon  the  bottom  was  found  to  consist  either  of  sand  or  mud,  the  mud 
iiQimlly  being  deposited  in  the  centre  of  the  lagoon,  where  the  currents  lost  their 
orce. 

Reef-building  corals  were  never  found  on  the  bottom  of  the  lagoon,  but  only  on 
the  slopes  of  reel's. 

The  reefs  were  certainly  not  extending  inwards  towards  the  lagoon,  but  may 
perhaps  be  extending  seawards  to  some  small  degree. 


2.  The  Land  Criistaceans  of  a  Coral  Island,  By  It.  A.  Borradaile,  M.A,^ 
Lecturer  in  Natural  Sciences  at  Selwyn  CoUege,  Cambridge, 

The  island  in  which  the  species  and  their  habits  were  observed  was  the  atoll 
of  Minikoi  in  the  Indian  Ocean. 

The  following  species  of  Crustaceans  are  found  on  land  in  Minikoi: — 

Crah^  X — 1 .  Onypode  ceratophtkabna,  greyish-green  in  colour,  and  frequenting 
the  lagoon  shore,  where  it  lives  in  spiral  burrows  below  extreme  high-water  mark. 

2.  Ocypode  cordimana,  chocolate-brown  in  colour,  and  living  in  horizontal 
burrows  on  land  above  extreme  high-water  mark. 

3.  Geograpsus  grayi,  black  and  white  in  colour,  running  about  actively  in  open 
bpaces. 

4.  Oeograpsus  cnnipes,  orange-yellow  in  colour,  and  living  near  freshwater 
tanks  and  pools. 

6.  Qeograjpsus  longitarsis  var.  minikoiensis,  and  6,  MetasesarmU  rousseauxi, 
dull  greenish  in  colour,  living  under  timber,  stones,  &c. 
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Hennit  Ci'abs  (Soldier  Crabs),--!,  Coenobita  rugosus,  grey  or  lilac  in  colour, 
of  small  uze,  and  numerous  along  the  shore. 

8.  Ccsnobita  perlattis,  scarlet  and  white  in  colour,  of  middle  size,  and  also 
found  chiefly  near  the  shore. 

9.  Ccenobita  clt/peatus,  purple  in  colour,  of  large  size,  and  Yound  in  the  jungle. 
Slaters  (Isopods) : — 10.  Cubaris  inwinuSf  and  11,  Philoscia  sp.,  woodlice. 

12.  lAgia  exotica^  lives  on  the  shore. 

Land  crustaceans,  which  are  the  dominant  group  in  a  coral  island,  are  of  im- 
portance in  the  economy  of  the  island : 

i.  As  scavengers. 

ii.  In  the  destruction  and  disintegration  of  fruits. 

iii.  In  the  distribution  of  seeds. 

iv.  In  the  same  manner  as  earthworms  by  their  burrowing. 

V.  As  enemies  of  various  animals. 

vi.  Occasionally  as  food  for  other  animals. 

vii.  Possibly  in  the  fertilisation  of  flowers. 

viii.  Probably  in  many  other  ways  as  yet  unknown. 

3.  On  the  A  natomy  of  the  Larval  Polypterus, 
By  J.S,  BuDGETT,  M.A.y  Trinity  College,  Cambridge. 

The  material  for  this  paper  is  furnished  by  a  single  example  of  a  larval  Poly- 
pterup,  obtained  in  the  Gambia  in  1900. 

The  larva  measures  30  mm.  in  length,  and  is  in  the  condition  when  the 
cartilaginous  skeleton  has  reached  its  highest  development  and  ossification  is 
about  to  commence. 

The  structure  of  the  pectoral  fins  at  this  stage  affords  a  strong  argument  in 
favour  of  the  view  that  the  Crossopterygian  fin  is  derived  from  the  uniserial  t3rpe 
of  fin  and  not  from  the  biserial  archipteiygium.  The  suspension  of  the  jaws  is 
in  a  primitively  hyostylic  condition,  while  the  hyomandibular  cartilage  carries  a 
segmented  rod  of  cartilage  forming  the  axis  of  the  root  of  the  external  gill. 

The  vertebral  cartilages  resemble  in  their  mode  of  formation  those  of 
Lepidosteans  and  Teleosteans  but,  in  addition  to  neural  and  haemal  cartilages  to 
each  segment,  there  are  distinct  lateral  cartilages.  The  haemal  cartilages  give 
rise  to  the  ventral  ribs,  which  are  thus  shown  to  be  homologous  with  the  ribs  of 
other  Ganoids  and  Teleosteans,  while  the  lateral  cartilages  give  rise  to  the  trans- 
verse processes  and  lateral  ribs,  which  are  homologous  with  those  of  Elasmo- 
branchs,  Amphibians,  and  Amniota. 

The  oviducts  are  formed  by  the  folding  off  of  a  portion  of  the  body  cavity 
into  which  open  a  number  of  ne^hrostomes,  and  are  thus  shown  to  be  of  a  nature 
quite  different  from  true  Miillerian  ducts ;  there  is  some  evidence  that  the  corre- 
sponding duct  in  the  male  is  homologous  with  the  longitudinal  canal  of  the 
testicular  network  in  those  forms  which  have  vasa  efferentia  passing  to  the 
kidneys,  while  the  vasa  efferentia  themselves  are  modified  nephrostomes.  The 
head  kidney  is  a  very  large  organ  lying  between  the  foremost  dorso-lateral  and 
ventro-lateral  muscles  far  from  the  middle  line :  it  consists  of  the  much  coiled 
anterior  end  of  the  archinephric  duct,  and  ends  opposite  a  rather  small  glomus  lying 
close  to  the  aorta,  in  the  pronephric  chamber,  which  is  apparently  without  a 
funnel,  passing  to  the  ^neral  body  cavity. 

The  structure  of  this  larva  confirms  the  belief  that  Polypterus  is  an  extremely 

feneralised  creature  showing  affinities  with  three  great  divisions  of  Ichthyopsida, 
'eleostei,  Elasmobranchi,  and  Amphibia. 

4.  The  Origin  of  the  Paired  Limbs  oj  Vertebrates, 
By  J.  Graham  Kerr. 

The  author  gave  a  short  account  of  his  hypothesis  as  to  the  phylogenetic 
origin  of  the  paired  limbs  of  vertebrates.    He  passed  in  review  the  two  current 
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hypotheses — that  of  Qegenbaur  and  that  of  Balfour,  Thacher,  and  Mivart.  Atten- 
tion was  drawn  to  the  complete  absence  of  intermediate  stages  between  gill  septum 
and  limb,  and  also  to  the  a  priori  improbability  of  a  gill  septum  such  as  we  inow 
in  the  lower  fishes,  firmly  fixed  and  flush  with  the  surace,  developing  into  a 
motor  organ.  It  was  pointed  out,  however,  that  the  numerous  advocates  of  the 
Gegenbnur  view  had  managed  to  accumulate  a  large  mass  of  evidence  bearing 
upon  one  particular  phase  of  the  question,  and  which  consisted  of  facts  pointing 
to  an  extensive  backward  migration  of  the  paired  limbs  having  taken  place  from 
somewhere  in  the  neighbourhood  of  the  hranchial  region. 

The  lateral  fold  vieAV  had  at  first  the  advantage  of  resting  upon  a  more 
certain  foundation  of  anatomical  fact — upon  the  fact  discovered  by  Balfour  that 
in  the  young  torpedo  the  two  limbs  are  for  a  time  connected  by  a  continuous 
ridge  of  epiblast — that  in  this  form  the  paired  limbs  develop  in  precisely  the  way 
in  which  the  theory  supposes  them  to  have  developed  during  phylogeny.  Modem 
research  has,  however,  shown  that  this  longitudinal  ridge  of  epiblast  does  not 
appear  at  all  in  the  less  specialised  Selachians;  even  in  Torpedo  the  ridge 
appears  secondarily,  and  its  appearance  at  all  is  probably  a  quite  secondary 
phenomenon  associated  with  the  secondary  extension  of  the  paired  fins  along  the 
sides  of  the  body  in  the  adult.  Embryology  as  it  is  known  to-day  does  not 
furnish  the  same  foundation  for  such  a  theory  of  limb  formation  as  it  appeared  to 
do  at  an  earlier  period. 

The  anatomical  resemblances  between  paired  and  unpaired  fins  were  touched 
upon,  and  it  was  suggested  that  such  resemblances  are  probably  due  to  homoplasy. 

Attention  was  now  di'awn  to  the  fact  that  in  the  relations  to  one  another  of 
muscles,  skeleton,  and  viscera  in  the  lower  vertebrates  there  was  expressed  an 
admirable  mechanical  arrangement  for  lateral  flexure  of  the  body.  Properly 
co-ordinated  lateral  flexures  provided  a  powerful  means  of  locomotion  through 
fluid,  a  method  used  by  all  the  lower  vertebrates.  It  was  difficult  to  believe  that 
either  a  gill  septum  or  a  lateral  fold  could  aid  to  any  appreciable  extent  this 

Erimitive  method  of  swimming ;  the  probability  was  that  in  its  incipicmt  stages  a 
mh  derived  in  such  a  way  must  act  rather  as  a  hindrance. 
The  author  was  of  the  view  that  the  paired  limbs  were  not  at  first  swimming 
organs  at  aU,  but  that  they  were  developed  in  correlation  with  movement  about 
a  solid  stratum.  With  a  solid  point  dHappui  even  a  very  small  movable  projection 
would  be  of  use  in  propelling  the  creature  forward.  The  question  was,  Did  such 
projections  of  the  body  wall  exist  in  the  lower  vertebrates  which  might  have  hy 
evolution  become  developed  into  paired  limbs  P  He  considered  that  the  fflodt 
primitive  groups  of  Gnathostomata  were  the  Selachians,  the  Crofisopteryg^ans,  the 
bipnoans,  and  the  Urodele  amphibians.  In  three  oat  of  the  four  groups  there 
occurred  during  development  true  external  gills,  projections  (A  mesoblast  covered 
with  epiblast  sticking  out  from  the  visceral  arches  (Mandibular — 'Balancer* 
of  Ufodeles;  Hyoid — Crossopterygians ;  Branchial  Arches  I*-III. — Urodelet, 
Lepidosirenf  Protoffterua ;  Branchial  Arch  IV. — Lepidonren,  Protopterus),  In 
the  Selachians  their  absence  was  correlated  with  the  presence  of  the  enormous 
highly  vascular  yolk-sac,  which  made  the  persistence  of  any  Other  dermal 
respiratory  organ  of  early  life  quite  unnecessary.  The  true  external  gills  were 
suppased  by  some  to  be  larval  organs  independently  developed,  bnt  fdrtber 
knowleage  of  their  identical  relations  and  development  made  it  impossible  to 
accept  any  other  view  than  that  they  were  truly  homologoue  structures  inherited 
from  a  remote  ancestor. 

The  structures  in  question  are  provided  with  elaborate  muscular  arrange- 
ments ;  in  a  live  Dipnoan  or  Urodelan  larva  they  are  seen  to  be  every  now  ^tA 
then  sharply  flicked  back ;  they  are,  in  fact,  though  mainly  usspiratofy,  potentiaHy 
motor  in  function.  In  Urodeles  the  corresponding  structure  on  the  mandibular 
arch  has  lost  its  respiratory  and  taken  on  a  purely  supporting  function. 

The  author  concluded  that  in  these  serially  arranged  potentially  motor  organs 
of  the  lower  vertebrates  were  to  be  recognised  organs  homodynamous  with  the 
structures  which  had  given  rise  to  the  paired  limbs ;  the  Hmb^girdles  he  followed 
Gegenbanr  in  regarding  as  modified  visceral  arches.    The  earliest  stage  at  the 
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purely  motof  ftppenda^  was  probably  a  simple  styliform  structure  resembling  the 
oalanciHg  organ  of  the  Urodele  or  the  lim^  of  Lepidosirerif  and  from  this  stylo- 
pterygium  h»ft  been  derited  along  two  dirergent  lines  of  evolution — the  archi- 
pterygium  and  ichthyopterygium  on  the  one  hand  and  the  cheiropterygium  on  the 
other. 

Finally  the  author  remarked  that  this  hypothesis  had  the  advantage  of 
explaining  just  as  well  as  did  the  Gegenbaur  hypothesis  the  traces  of  backward 
migration  of  the  limbs ;  and  in  regard  to  the  only  serious  objection  to  the  view — 
the  absence  of  a  cartilaginous  skeleton  in  external  gills — he  pointed  out  that  this 
objection,  already  weakened  by  the  presence  of  a  cartilaginous  axis  in  the  barbels 
of  Xenoptts  had  now  been  minimised  by  the  description  by  Budgett  of  a  rod  of 
cartilage  projecting  into  the  base  of  the  external  gill  in  the  young  Polt/pterus, 


5.  The  Story  of  Malaria.     By  Ronald  Ross,  F.RCS.,  F.RS. 

Interesting  nature  of  the  story.    Incorrect  versions  propagated. 

Endemic  nature  and  paludal  connection  of  malarial  disease  give  rise  to  the 
hypothesis  of  a  telluric  miasm.  Absence  of  any  scientific  proof.  Negative  ex- 
periments of  Calandruccio  and  others. 

The  first  fact — discovery  of  the  malarial  pigment,  called  melanin,  by  Frerichs, 
Virchow,  and  Meckel  in  1849-61. 

Invention  of  the  Bacillus  malaria  by  Crudeli,  March  iafava,  and  other  Roman 
writers.    Circumstantial  details.    The  Whole  thing  a  fabrication. 

The  second  fact — recognition  of  the  melanin-bearing  parasite  by  Laveran, 
1880.    He  describes  all  forms  of  the  parasite.    Predatory  Italian  efforts. 

The  researches  of  Laveran  and  Golgi  concerning  the  life-history  of  the 
parasites  within  the  body.  Similar  parasites  found  m  birds  by  Danilewsky. 
Certain  forms  of  the  parasites,  now  known  as  ^ametocytes,  cannot  be  explained. 
Erroneous  degeneration  theory  of  Grassi  and  Bignami. 

Efforts  to  find  the  parasite  free  in  nature.  Grassi  discovers  it  in  a  fresh-water 
amoeba — another  fabrication.  The  mosquito  hypothesis  of  King,  Laveran,  Koch^ 
Manson,  Bignami,  and  others.  All  formed  independently,  and  are  partly  right 
and  partly  wrong. 

I  show  that  the  so-called  flagella  emanating  from  the  gametocytes  are  living 
l)odies.  Sacharoff  proves  them  to  contain  chromatin.  MacCallum  demonstrates 
their  true  nature. 

My  attempts  to  cultivate  the  parasites  of  mosquitoes,  1895-97.  Failure  with 
*  grey 'and  'brindled*  mosquitoes  (Culex),  Final  discovery  of  the  *  pigmented 
cells '  in  *  dappled-winged '  mosquitoes  (Anopheles)  in  1897  practically  solves  the 
problem. 

Whole  life-history  of  the  parasites  in  mosquitoes  determined  by  my  experi- 
ments on  the  development  of^the  parasites  of^  birds  in  Culex  fatigaiis  in  1898. 
In  association  with  Annett  and  Austen  I  find  the  similar  development  of  the 
liuman  parasites  in  dappled-winged  mosquitoes  in  Sierra  Leone,  and  study  the 
habit*  of  these  insects,  1899. 

Koch  confirms  MacCallum's  observations,  studies  the  early  history  of  the 
zygotes,  confijrms  my  work  (1898),  and  finds  the  frequency  of  infection  m  native 
children  (1899).  Similar  studies  of  Daniels.  Great  value  of  their  labours. 
Excellent  researches  of  Christophers,  Stephens,  Nuttall,  Ziemann,  Van  der  Scheer, 
Riige,  Femside,  and  many  others.    Cruaal  experiment  of  Manson  in  1900. 

After  the  publication  of  my  work  of  1898  Bignami,  Bastianelli,  and  Grassi 
detect  the  ffenus  of  my  '  dappled- winged '  mosqmtoee  from  my  description,  and 
find,  in  similar  insects  in  Italy,  the  develo|mient  of  the  parasitee  desdribed  by  me. 
They  pretend  that  their  efforts  were  original.  They  add  no  new  facts  of  funda- 
mental ittiportatice.  Unreliable  atid  predatory  nature  of  their  work;  especially  of 
that  of  i.  Grassi.    Letters  froni  Charles,  Laveran,  and  Koch. 

Excellent  hi^tones  of  Mannaberg^  Thayer^  and  Nuttall. 
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The  prevention  of  malaria  and  other  moeqaito^boroe  diseases.  Punkahs, 
mosquito-nets,  wire  gauze,  and  t)uinine.  Segregation.  Koch's  method. 
Necessity  for  ridding  towns  of  mosquitoes.  Experiments  now  in  progress  in 
Sierra  Ijeone  and  Lagos. 

6.  Exiiibiiion  of  Photographs  of  Fossils  in  the  La  Plata  Museum^ 
By  Dr.  Fbanoisoo  P.  Moreno. 


A  New  Sov/iiding  a^d  Ground-collecting  Apparatus, 
By  Professor  G.  Gilson,  of  Louvain. 


Side  view,  showing  method  of  suspension. 


Front  view,  showing  mechanism. 


A,  handle  saspending  block  h  ;  ft,  oftst-bmn  block ;  6r,  stoel  bar ;  cp^  cup ;  e,  coTer ;  R,  ring 
keeping  apporatna  in  an  oblique  position  when  lying  down  on  the  bottom.  This  ring  is  attaobed 
to  the  block  b  and  moves  with  it ;  m,  mechanism  intended  to  release  the  corer  c  when  the  appa* 
ratus  is  hauled  up,  and  not  before  that. 

The  cam  seen  at  the  lower  part  falls  as  eoon  as  the  cup  tp  strikes  the  bottom,  the  block  h 
sliding  down  then  to  the  table  U  This  cam  is  fixed  to  a  flat  iron  piece  with  a  catch  on  its  right 
Bide  to  suspend  the  cover  e.  The  upper  part  of  this  piece  is  engaged,  on  the  Idt  side,  in  a  grooTe 
cut  in  the  vertical  rod.  When  the  block  h  is  lifted  up,  the  cam  not  being  in  places  the  end  of  the 
grooYe  catches,  and  the  cover  c  is  rdeosed  by  the  swinging  of  the  flat  piece* 
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This  apparatus  has  heen  used  for  some  time  in  the  course  of  certain  researches 
which  have  heen  carried  on  in  the  North  Sea.  The  task  of  a  complete  hiological 
survey  of  the  Belgian  coast  having  heen  entrusted  to  the  author  hy  his  Govern- 
ment, he  soon  felt  the  want  of  a  handy  ground-collecting[  instrument.  Several  of 
the  existing  models,  among  which  a  few  were  of  the  horing-tuhe  type,  were  tried. 
Some  worked  rather  well,  hut,  although  very  heavy,  they  would  only  supply  a 
small  quantity  of  sediment.  Others  gave  good  results  on  soft  muddy  hottom,  out 
no  result  at  all  on  the  sometimes  very  hard  sands  of  the  coast.  None  of  them 
was  found  to  answer  adeauately  for  the  particular  desiderata  of  the  work,  a  hiilky 
sample  of  all  kinds  of  sediments  heing  required.  The  author  then  set  to  work  and 
constructed  the  very  simple  apparatus  exnihited,  which,  although  a  mere  embryo 
rather  roughly  set  up,  has  done  such  good  service  as  to  induce  him  to  call  to  it  the 
attention  of  those  eogaged  in  oceanographic  study. 

It  belongs  to  the  cup  type  of  sounding  machine,  the  earliest  idea  of  a  ground* 
collecting  apparatus.  The  cup,  however,  has  been  provided  with  several  additional 
devices  which  give  the  whole  quite  a  peculiar  character.  The  most  important  of 
these  is  an  iron  cover,  exactly  titting  tne  cup,  and  intended  to  prevent  its  contents 
from  being  washed  away.  A  very  simple  mechanism  keeps  this  cover  lilted  up 
as  long  as  the  cup  is  cutting  into  the  son.  As  soon  as  the  cup  touches  the  bottom 
a  little  cam  falls  down,  and  is  unlatched.  Later  on,  when  the  apparatus  is  finally 
hauled  up,  but  not  before  it  takes  a  vertical  position  again,  the  same  mechanism 
releases  the  cover  and  allows  it  to  fall  and  close  the  cup. 

The  construction  of  the  a|>paratus  is  given  in  the  figure. 

One  of  the  most  characteristic  features  of  the  instrument  is  that  the  rope  is  not 
connected  directly  to  the  iron  bar  that  bears  the  cup,  but  to  a  square  block  of 
cast  iron  through  which  the  bar  freely  plays  up  and  down. 

When  a  hard  |p:ound  is  reached,  the  men  m  charge  take  care  to  give  the  ropo 
a  few  short  pulls  m  order  to  make  the  cup  bite  into  it.  If  under  such  circum- 
stances the  instrument  was  allowed  to  lie  fiat  on  the  ground  it  might  empty  itself 
after  each  pull.  The  ring  attached  to  the  iron  block  is  intended  to  Keep  the 
anparatus  in  an  oblioue  position,  thus  causing  the  cup  to  cut  into  the  soil  by  its 
eogo,  and  to  gradually  fill  up,  no  matter  in  what  direction  it  may  happen  to  tumble 
down. 

\yhen  full  the  cup  contains  about  six  pounds  of  sand.  The  whole  construc- 
tion is  very  simple.  Tnere  is  no  piece  in  it  that  any  blacksmith  or  ship  engineer 
could  not  easily  repair  or  even  make  anew  in  case  of  a  breakdown ;  a  quality 
which  anyone  engaged  in  exploration  would  certainly  wish  all  his  instruments  to 
possess. 

The  author  has  tried  this  sounding  machine  in  shallow  waters  only ;  but  there 
is  little  doubt  that  it  would  work  weu  on  the  soft  ooze  of  the  deep  sea.  If  neces- 
sary a  system  of  lost* weight  mechanism  could  easily  be  devised  and  connected  to  it. 


EocJiibitian  of  a  New  Orienting  Apparatus  for  Hie  Cambridge 
Microtome,    By  James  Bankik. 
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Section  E.~  GEOGRAPHY. 

TbESIDENT  of  the  SBCTIOlf—HUGH  BOBBRT  MlLL, 

D.Sc.,  LL.D.,  F.B.S.E.,  FJi.G.B. 


THURSDAY,  SEPTEMBER  11. 
Tho  President  delivered  the  following  Address: — 

On  Reskakcu  in  Geoobaphical  Science. 
IiUroductory, 

The  annual  reassembling  of  friends  and  fellow-workers  in  the  old  re-yiated  towns, 
and  the  annual  accession  of  new  lovers  of  science,  furnish  a  unique  opportunity  for 
a  survey  of  the  advances  made  in  each  department,  a  fitting  occasion  also  for 
remembering  those  who  have  finished  their  work  and  can  aid  oqr  deliberations 
only  by  the  memory  of  their  example. 

Apart  from  our  more  intimate  losses  in  the  death  of  many  distinguished 
geographers  and  devoted  workers,  the  period  since  our  last  meeting  has  been  for 
all  a  year  of  mourning.  The  passing  of  the  nineteenth  century  was  almost  like  the 
death  of  a  friend,  and  it  is  still  difficult  to  realise  that  the  century  whidi  we  had 
been  so  long  in  the  habit  of  associating  with  everything  new  and  great  and 
progressive  bos  itself  become  part  of  the  past.  Few  coincidences  have  been  more 
striking  than  the  almost  simultaneous  close  of  that  unparalleled  reign  which  gave 
a  name  to  the  Era  including  all  that  was  best  and  most  characteristic  of  the 
century.  The  death  of  Queen  Victoria  carried  so  keen  a  sense  of  personal  loss 
into  every  heart  that  few  attempts  have  been  made  to  show  how  vast  a  portion 
of  the  stream  of  time — measured  by  progress— intervened  between  the  tenniDal 
dates  of  her  life.  Think  for  a  moment  of  the  splendid  advances  in  the  one  small 
department  of  geographical  exploration  during  the  late  Queen's  reign,  the  multi- 
tude of  landmarks  wmch  have  oeen  crowned  by  the  great  name  of  Victoria — of 
the  Earth's  most  southerly  land  and  its  most  northerly  sea,  of  the  largest  lake 
and  most  majestic  waterfall  of  Africa,  the  loftiest  lake  of  Asia,  the  highest  peak  in 
New  Guinea,  the  widest  desert  and  most  populous  colony  in  Australia,  and  of  ih»» 
two  thriving  seaports  on  either  side  of  the  North  Pacific  which  couple  together 
the  British  Dominions  of  western  America  and  eastern  Asia. 

What  could  be  more  appropriate  in  this  first  meeting  after  the  close  of  such  a 
century  and  of  such  a  reign  than  to  pass  in  brief  but  appreciative  review  the 
advances  of  geography  during  those  hundred  or  those  sixty-five  years  P  One 
thing  in  my  opinion  is  more  appropriate  than  to  dwell  on  past  triumphs  or  to 
regret  past  greatness,  and  that  is  to  survey  our  present  positx>n  and  look  ahead. 
In  the  first  year  of  a  new  century  and  of  a  new  reign  we  are  reminded  that  wc 
have  a  future  to  face  and  that  the  world  is  before  us,  and  I  propose  to  seize  this 
opportunity  in  order  to  speak  of  the  science  of  geography  as  it  is  now  understood 
and  especially  to  urge  the  importance  of  the  more  systematic  pursuit  of 
geographical  research  henceforward. 
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Geography  in  the  Universities, 

The  pro«pect  of  immediate  expansion  in  many  British  univeraitiefi  seems  at 
Ifljlt  likely  to  afford  more  than  oue  opportunity  of  wiping  out  the  old  disgrace  of 
the  nefflect  of  geographical  science  in  the  accredited  seats  of  learning.  Already 
Oxford  haa  a  welf  manned  School  of  Geography,  and  Cambridge  has  a  Header  in 
Seography.  The  reconstituted  University  of  London  occupies  the  best  position  in 
the  world  for  creatmg  a  chair  of  geographical  research,  situated  as  it  is  in  the  very 
centre  of  the  comings  and  goings  of  all  mankind,  and  in  touch  with  the  most  com- 
plete geographical  library  and  map-collection  in  eziitence.  The  new  University  of 
Birmingham  may,  it  is  hoped,  prove  better  than  its  promises,  and  may  perhaps  after 
all  provide  some  more  adequate  treatment  of  geography  than  its  proposed  par- 
tition amongst  the  professors  of  half  a  dozen  special  subjects,  all  of  them  con- 
cerned in  geography,  it  is  true,  but  none  of  them  individually^  nor  all  of  them 
collectively;  capaole  of  embodying  that  co-ordination  of  parto  into  a  harmonious 
unity  which  nves  to  geography  its  power  as  a  mental  discipline  and  its  value  for 
practical  appucation.  But  Englana  in  all  that  pertains  to  higher  education  is  still 
a  poor  country,  and  the  will  to  do  well  is  hampered  b^  the  ^nning  demon  of 
poverty.  Here,  on  the  other  side  of  the  Border,  we  are  in  a  di^rent  atmosphere. 
The  wave  of  the  magician's  wand  in  the  hands  of  Andrew  Carnegie  has  brought 
wealth  that  last  year  would  have  been  deemed  fabulous  to  the  ancient  universities 
in  Scotland,  and  it  will  be  a  disgrace  to  our  country  if  this  splendid  generosity 
does  not  result  in  the  establishment  of  one  or  more  fully  endowed  and  completely 
equipped  chairs  of  geography. 

There  may  still  be  some  people  who  view  geography  as  the  concern  only  of 
soldiers  and  sailon*,  adventurous  travellers,  and  perhaps  of  elementary  teachers. 
Exploration  is  undoubtedly  the  first  duty  of  geographers,  but  it  is  a  duty  which 
has  been  well  done,  the  nineteenth  century  having  left  us  only  oue  problem  of 
the  first  magnitude.  This  is  the  exploration  of  the  polar  regions,  and  even  here 
the  twentieth  century  clamours  for  new  methods. 

Tlie  Antarctic  Expeditions. 

This  year  has  seen  the  long-hoped-for  Antarctic  expeditions  set  out  on  their 
great  quest,  a  quest  not  only  of  new  lands  in  the  southern  ice-world  but  of 
scientino  information  regarding  all  the  conditions  of  that  vast  unknown  region. 
Two  expeditions  have  been  planned  in  Great  Britain  and  Germany  with  a  com* 
plete  interchange  of  information  regarding  equipment  and  methods  of  work. 
Provision  has  been  made  for  simultaneous  magnetic  and  meteorological 
observations,  and  in  some  instances  for  the  use  of  instruments  of  identical 
construction,  and  all  possibility  of  any  unseemly  rivalry  in  striving  for  the 
childish  distinction  of  getting  farthest  south  has  been  obviated  bv  the  friendly 
understanding  that  the  British  ship  shall  explore  the  already  fairly  known  Hoss 
quadrant,  where  it  is  pretty  sure  that  extensive  and  accessible  land  will  favour 
exploration  by  sledges,  while  the  Germans  have  chosen  the  entirely  unknown  area 
of  the  Enderby  quadrant  which  no  ice-protected  steamer  has  yet  attempted  to 
penetrate,  aqd  where  they  enter  a  region  of  potential  discovery  before  they  cross 
the  Antarctic  Circle. 

The  British  expedition  is  equipped  on  the  good  old  plan  that  produced  such 
fine  results  in  the  days  of  Cook  and  Koss  ;  it  is  manned  oy  sailors  of  the  Royal 
Navy  and  is  under  the  command  of  a  gallant  naval  officer,  though,  unlike  the 
earlier  vessels,  the  '  Discovery  *  is  not  herself  a  naval  ship.  As  in  the  days  of  Cook 
the  naval  officers  are  assisted  in  their  non-professional  work  by  several  young  and 
promising  scientific  men,  two  of  whom  have  already  had  experience  of  work  in 
thd  polar  refldons.  These  have  the  great  advantage  of  the  counsel  and  help  oi 
Mr.  George  Murray  of  the  British  Museum,  who  goes  as  far  a«  Melbourne  in  the 
position  of  Director  of  the  Scientific  Staff. 

No  one  who  has  seen  the  zeal  and  unflagging  enthusiasm  with  which  Sir 
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Clements  Markham  has  organised  the  expedition  can  hesitate  to  accord  to  him  in 
fullest  measure  the  credit  for  its  successful  inauguration.  And  no  one  who  has  seen 
the  quiet  and  good-humoured  determination  of  the  commander,  Commander  IL  F. 
Scott,  in  overcoming  many  irritating  preliminary  difficulties,  can  douht  his  fitness 
to  undertake  the  heavy  responsihilities  of  the  voyage.  I  am  sure  that  he  will  be 
a  worthy  successor  to  Cook,  Ross,  Franklin,  Nares,  and  all  the  other  officers 
who  have  made  their  names  and  the  name  of  the  British  Navy  famous  in  Polar 
service.  The  second  in  command,  Lieutenant  Armitage,  R.N.R.,  has  had  several 
years  of  Arctic  experience,  and  amongst  the  crew  there  are  some  old  whalers  whose 
knowledge  of  the  ways  of  sea-ice  should  prove  of  value.  The  ship  and  her  equip- 
ment are  unique ;  it  is  no  exaggeration  to  say  that  she  is  the  best-found  and  most 
comfortable  vessel  which  has  ever  left  our  shores  on  a  voyage  of  discovery. 

The  German  expedition  has  been  more  boldly  planned  than  ours.  It  is  new 
and  experimental  ail  through,  as  befits  a  young  nation  in  its  first  exuberant  efforts 
in  a  new  field.  If  some  people  suppose  that  it  may  have  made  mistakes  that 
our  expedition  has  avoided ;  these,  at  least,  are  new  mistakes  from  which  new 
lessons  are  to  be  learned.  If  risks  must  be  run — and  we  of  the  twentieth  century 
are,  I  trust,  no  more  timid  of  incurring  risks  than  our  predecessors  of  the  nine- 
teenth, or  the  eighteenth,  or  even  the  seventeenth — it  is  good  that  they  should  be 
new  risks.  To  scientific  men  in  Germany  it  appears  natural  and  reasonable  that 
a  man  of  science  should  be  the  head  of  a  scientific  expedition  ;  and  that  a  geogra- 
pher should  lead  a  geographical  expedition.  Many  British  men  of  science  sympa- 
thise in  this  Tiew.  Dr.  Erich  von  Drygalski,  one  of  the  professors  of  Geography 
in  the  University  of  Berlin,  has  been  entrusted  with  the  command  to  which  he 
was  appointed  before  the  ship  was  designed,  and  for  five  years  he  has  given  all  his 
time  and  thought  to  the  expedition.  He  is  supported  by  a  band  of  highly  trained 
specialists,  who  have  spared  neither  time  nor  travel  in  mastering  the  subjects  with 
which  they  may  deal,  and  each  has  also  received  a  general  training  in  the  subjects 
of  all  his  colleagues — an  admirable  precaution.  The  captain  of  the  *  Gauss,*  who 
belongs  to  the  Merchant  Service,  has  taken  a  course  of  training  from  the  Norwe- 
gian whalers  off  Spitsbergen.  He  will,  of  course,  be  absolute  master  of  the  ship 
and  crew  in  all  that  concerns  order  and  safety,  but  he  will  be  under  the  direction 
of  the  leader  in  all  that  concerns  the  plan  of  the  voyage  and  the  execution  of 
scientific  work.  This  arrangement  is  one  which  has  idways  seemed  to  me  to  be 
desirable,  that  the  captain  of  a  ship  on  scientific  service  should  occupy  a  position 
in  relation  to  the  scientific  chief  similar  to  that  of  the  captain  of  a  yacht  in  relation 
to  the  owner;  but  it  is  subject  to  the  drawback  that  a  naval  officer  could  not  well 
be  asked  to  accept  such  a  divided  command. 

Whatever  our  views  as  to  ideal  organisation  may  be,  we  are  all  certain  that 
both  expeditions  will  do  the  utmost  that  they  can  to  justify  the  confidence  that  is 
placed  in  them  and  to  bring  honour  to  their  flags.  "We  know  that  the  officers  and 
staff  of  the  '  Discovery '  belong  to  a  race  which,  whether  trained  in  the  University 
or  in  the  Navy,  has  acquired  the  habit  of  bringing  back  splendid  results  from  any 
quest  that  is  undertaken. 

A  Definition  of  Geogi^aphy, 

The  bright  prospects  of  Antarctic  Exploration  must  not,  however,  blind  us  to 
the  fact  that  exploration  is  not  geography,  nor  is  the  readinp^  or  even  the  writing 
of  text-books,  nor  is  the  making  of  maps,  despite  the  recognition  of  leading  carto- 
graphers as  *  Geographers  to  the  King.'  These  are  amongst  the  departments  of 
geography,  but  the  whole  is  greater  than  its  parts. 

The  view  of  the  scope  and  content  of  Geography  which  I  have  arrived  at  as 
the  result  of  much  work  and  some  little  reading  during  twenty  years  is  substan- 
tially that  held  by  most  modem  geographers.  But  it  is  right  to  point  out  that  the 
mode  of  expressing  it  may  not  be  accepted  without  amendment  by  any  of  the 
recognised  leaders  of  the  science,  and  for  my  own  part  I  believe  that  discussion 
rather  than  acceptance  is  the  best  fate  that  can  befall  any  attempt  at  stating 
scientific  truth. 
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Put  in  the  fewest  words,  mj  opinion  is  that 

Geography  is  the  science  which  deals  with  thefoiins  of  relief  of  the  EartKs  crust , 
and  with  the  injltience  which  these  forms  exercise  on  the  distribution  of  all  other 
phenomena. 

This  definition  looks  to  the  form  and  composition  of  the  Earth's  crust  itself, 
and  to  the  successive  coverings,  partial  and  complete,  in  which  the  stony  glohe  is 
wrapped.  We  sometimes  hear  of  the  New  Geography,  but  I  think  it  is  more  pro- 
fitable to  consider  the  present  position  of  Geography  as  the  outcome  of  the  thought 
and  labours  of  an  unbroken  cbain  of  workers,  continuously  modified  by  the  growth 
of  knowledge,  yet  old  in  aim,  old  even  in  the  expression  of  many  of  the  ideas  that 
we  are  apt  to  consider  the  most  modem. 

So7}ie  nistorical  Landniarlcs, 

Claudius  Ptolemseus,  about  150  a.d.,  p^athered  into  his  great '  Geography '  the 
whole  outcome  of  the  Greek  study  of  the  habitable  world.  He  laid  stress  on  the 
threefold  nature  of  descriptions  of  the  Earth's  surface,  the  general  sketch  of  the 
great  features  of  the  world  alone  receiving  the  name  of  Geography,  the  more 
special  description  of  an  area  he  termed  Chorography,  and  the  detailed  account  of 
a  particular  place  Topography. 

Aristotle,  who  first  adduced  real  proofs  of  the  sphericity  of  the  Earth,  had  not 
failed  to  note  the  relationships  which  exist  between  plants  and  animals,  and  the 
places  in  which  they  are  found,  and  he  ar^ed  that  the  character  of  peoples  was 
infiuenced  by  the  land  in  which  they  lived ;  but  Ptolemy  cared  little  for  theories, 
comparisons,  or  relationships,  confinmg  himself  rather  to  the  record  of  actual  facts. 
He  made  errors,  the  results  of  which  were  more  important,  as  it  happened,  in  ad« 
rancing  knowledge  than  were  the  truths  which  he  recorded ;  for  after  the  troubled 
medissval  sleep,  when  oven  the  spherical  form  of  the  Earth  was  blotted  out  of  the 
knowledge  of  Christendom,  the  scientific  deductions  made  by  Toscanelli  from  the 
false  premises  of  Ptolemy  heartened  Columbus  for  his  westward  voyage  to  the 
Indies,  on  the  very  outset  of  which  he  stumbled  all  unknowing  on  the  New  World. 
AVhen  Magellan  succeeded  in  the  enterprise  which  Columbus  had  commenced,  the 
fourteen  centuries'  reign  of  Ptolemy  in  geography- came  to  an  end;  his  work  was 
done. 

The  rapid  unveiling  of  the  Earth  in  the  sixteenth  and  seventeenth  centuries  cast 
a  glamour  over  feats  of  exploration  which  has  not  yet  been  wholly  dissipated,  and 
it  may  not  be  easy,  even  now,  to  obtain  wide  credence  for  the  fact  that  the  ex- 
plorer is  usually  but  the  collector  of  raw  material  for  the  geographer. 

It  is  of  vital  interest  to  trace  the  re-formation  of  the  theory  of  geography  after 
its  interruption  in  the  Middle  Ages.  The  fragments  of  the  old  Greek  lore  were 
cemented!  together  by  new  and  plastic  thoughts,  crudely  enough  by  Apian,  Gemma 
Frisius,  and  Sebastian  Mimster  in  the  sixteenth  century,  but  with  increasing 
strength  and  completeness  by  Cluverius,  Carpenter,  and  Varenius  in  the  seven- 
teenth. 

Tlie  First  Oxford  Geograplier, 

The  names  of  Cluverius  and  Varenius  are  familiar  to  every  historian  of 
geography,  but  that  of  Carpenter,  I  am  afraid,  is  now  brought  to  the  notice  of 
many  geographical  students  for  the  first  time.  He  was  not  so  ^eat  as  Varenius, 
but  he  was  the  first  British  geographer  to  write  on  theoretical  geography  as 
distinguished  from  mathematical  treatises  on  navigation  or  the  repetition  of  nar- 
ratives of  travel,  and  I  think  that  there  is  evidence  to  show  that  his  work  had  an 
influence  on  his  great  Dutch  contemporary. 

Nathanael  Cwpenter,  Fellow  of  Exeter  College,  Oxford,  published  his  book  in 
lC2o  under  the  title — 

'Geographic  delineated  forth  in  two  Bookes.  Containing  the  Sphericall  and 
Topicall  parts  thereof,'  and  with  the  motto  from  Ecclesiastes  on  its  title-page — 

'  One  generation  commeth,  and  another  goeth,  but  the  Earth  remayneth  for 
ever.' 
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The  great  merits  of  Carpenter's  treatise  are  bis  firm  grasp  of  the  reUtion  of  one 
part  of  geography  to  another,  his  skilful  blending  of  the  solid  j^art  of  the  work  of 
Aristotle  and  Ptolemy  with  that  of  the  explorers  and  inyesti^ators  of  his  own 
generation,  and  the  wholesome  common-sense  that  dominates  his  reasoning.  Hit 
definition  is  comprehensive  and  precise. 

'  Oeographie  is  a  science  which  teacheth  the  description  of  the  whole  flarth. 
The  Nature  of  Geographic  is  well  expressed  in  the  name :  For  Oeographie  resolved 
according  to  the  Greeke  Dtymologie  signifieth  as  much  as  a  description  of  the 
Earth ;  so  that  It  differs  from  Cosirwgraphie,  as  a  ])art  from  the  whole.  Foras- 
much as  Cosmographie  according  to  the  name  is  a  description  of  the  whole  world, 
comprehending  under  it  as  well  Geographic  as  Astronomie,  Howbeit,  I  confMe, 
that  amongst  the  ancient  Writers,  Cosmographie  has  been  taken  for  one  and  the 
self-same  science  with  Geographic  as  may  appeare  by  sundry  treatises  meerely 
Geographicall,  yet  intituled  by  the  name  of  Cosmographies 

The  differences  held  by  Ptolemy  to  distioguish  ffeograpby  from  chcnroffraphy 
Carpenter  i^ows  to  be  merely  accidental,  not  essential,  and  as  to  geography  ha  aaya 
^  It  IS  properly  tearmed  a  Sctence,  because  it  proposeth  to  it  selfe  no  other  end  bat 
knowledge ;  whereas  those  faculties  are  commonly  tearmed  Arti,  which  are  not 
contented  with  a  bare  knowledge  or  speculation,  but  are  directed  to  soma  farther 
work  or  action.  But  here  a  doubt  seems  to  arise,  whether  this  Sdptoe  be  to  be 
esteemed  Physicall  or  Mathematicall  ?  Wee  answer,  that  in  a  Science  two  things 
are  to  bee  considered :  first,  the  matter  or  object  whereabout  it  is  convervant ; 
secondly,  the  manner  of  hatidling  and  explication :  For  the  former  no  doubt  can 
bee  made  but  that  the  object  in  Geographic  is  for  the  most  part  Phynoall  con- 
sisting of  the  parts  whereof  the  Spheare  is  composed ;  but  for  the  ipanDer  of 
Explication  it  is  not  pure  but  mivt;  as  in  the  former  part  Mathematically  in  the 
second  rather  Historicall ;  whence  the  whole  Science  may  be  alike  tearmed  both 
Mathematicall  &  Historicall ;  not  in  respect  of  the  subject  which  we  have  said  to 
be  Physicall  but  in  the  manner  of  Explication* 

Although  somewhat  diffuse  in  expresnon,  the  meaning  of  these  statementa  if 
clear  and  sound,  and  to  the  British  public  as  new  now  as  it  was  in  the  daya  of  King 
Charles.  The  book  treats  of  mathematical  geography  and  cartography,  of 
magnetism,  climates,  the  nature  of  places,  of  hydrography,  induding  toe  sea, 
rivers,  lakes  and  foimtains,  of  mountains,  valleys  aiid  woods,  of  islands  and 
continents,  and  at  considerable  length  of  people  and  the  way  in  which  tbey  are 
influenced  by  the  land  in  which  they  live.  Whether  Dr.  Carpenter  lectured  on 
geography  in  Oxford  I  do  not  know,  but  his  book  must  have  acquired  a  certain 
currency,  for  a  second  edition  appeared  in  1635,  and  it  seems  probable  that  it  wai> 
known  to  Varenius. 

Varenitm  and  Newton, 

Varenius,  a  young  man  who  died  at  twenty-eight,  produced  in  Latin  a  single 
small  volume  published  in  1650,  which  is  a  model  of  conciseness  of  expression  and 
logical  arrangement  well  worthy  even  now  of  literal  translation  into  English.  So 
highly  was  it  thought  of  at  the  time  that  Sir  Isaac  Newton  brought  oat  an 
annotated  Latin  edition  at  Cambridge  in  1672.*  The  opening  definition  as 
rendered  in  the  English  translation  of  1783  (a  work  spoilt  m  moet  places  by  a 
paraaitic  growth  of  notes  and  interpolations)  runs : — 

*  Geography  is  that  part  of  mixed  mathematics  which  explains  the  state  of  the 
Earth  and  of  its  parts,  depending  on  quantity,  viz.,  its  %ure,  place,  magnitude 

*  Dagdale,  in  the  introduction  to  the  English  translation  published  fai  1783, 
states  explicitly  that  Newton  produced  his  version  fgr  the  benefit  of  the  students 
attending  his  leotures  '  on  the  same  subject'  from  the  Lucaalao  obair;  b«t  we  h«fe 
been  unable  to  find  any  more  satisfactory  evidence  that  Newton  actually  lectived  on 
Geography  at  Cambridge. 
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and  motion  with  the  celestial  appearances,  &c.  By  some  it  is  taken  in  too 
limited  a  sense,  for  a  bare  description  of  the  several  countries ;  and  hy  others  too 
extenaively,  who  along  with  such  a  description  would  have  their  political 
constitution/ 

Varenius  produced  a  framework  of  Physical  Geography  ca]^able  of  including 
new  facts  of  discovery  as  they  arose,  and  it  is  no  wonder  that  his  work,  although 
but  a  part,  ruled  unchallenged  as  the  standard  text-book  of  pure  geography  for 
more  than  a  centurv.  He  laid  stress  on  the  causes  and  effects  of  phenomena  as 
well  as  the  mere  lact  of  their  occurrence,  and  he  clearly  recognised  the  vast 
importance  upon  different  distributions  of  the  vertical  relief  of  the  land.  He  did 
not  treat  of  human  relations  in  geography,  but,  under  protest,  gave  a  scheme  for 
discussing  them  as  a  concession  to  popular  demands. 

Krnii, 

As  Isaac  Newton,  the  mathematician,  had  turned  his  attention  to  ge(^raphy  at 
Cambridge  in  the  earlier  part  of  the  eighteenth  century,  go  Immanuel  Kant,  the 
philosopher,  lectured  on  mie  same  subject  at  Konigsberg  in  the  later  part.  The 
fame  of  Kant  as  a  metaphysician  has  defrauded  him  of  much  of  the  honour  that 
is  his  due  as  a  man  of  science.  As  Professor  Hastie  puts  it :  '  His  earlier 
scientific  work,  like  aa  inner  planet  merged  in  light,  was  thus  almost  entirely  lost 
sight  of  in  the  blaze  of  his  later  philosophical  splendour.' 

Kant,  it  will  be  remembered,  considered  that  the  communication  of  experience 
from  one  person  to  .another  fell  into  two  categories,  the  historical  and  the 
geographical :  that  is  to  say,  descriptions  in  order  of  time  or  in  order  of  space. 
The  science  of  geography  he  considered  to  be  fundamentally  physical,  but  physical 
geography  formed  the  introduction  and  key  to  all  other  possible  geographies,  of 
which  he  enumerated  five :  mathematical^  concerned  With  the  form,  size,  and 
movements  of  the  Earth  and  its  place  in  the  solar  system ;  moral,  taking  account 
of  the  customs  and  characters  of  mankind  according  to  their  physical  surroundings ; 
political^  concerning  the  divisions  of  the  land  into  the  territories  of  organised 
governments ;  mercantile,  or,  as  we  now  call  it,  commercial  geography ;  and 
theological,  which  took  account  of  the  distribution  of  religions.  It  is  not  so  much 
the  cleavage  of  geography  into  five  branches,  all  springing  from  physical  geography 
like  the  fingers  from  a  hand,  which  is  worthy  of  remark,  but  rather  the  recogni- 
tion of  the  interaction  of  the  conditions  of  physical  geography  with  all  other 
geographical  conditions.  The  scheme  of  geography  thus  acquired  a  unity  and  a 
flexibility  which  it  had  not  previously  attained,  but  Kants  views  have  never 
received  wide  recognition.  If  his  geographical  lectures  have  been  translated  no 
English  or  French  edition  has  come  under  my  notice,  and  such  currency  as  they 
obtained  in  Germany  was  checked  by  the  more  concrete  and  brilliant  work  of 
Humboldt,  and  the  teleologicai  system  elaborated  in  overwhelming  detail  by 
Hitter. 

The  teleologicai  views  of  Ritter  were  substantially  those  of  Paley.  The  world, 
he  found,  fitted  ita  inhabitants  so  well  that  it  was  obviously  made  for  them  down 
to  the  minutest  detail.  The  theory  was  one  peculiarly  acceptable  in  the  early 
depades  of  the  nineteenth  century,  and  it  had  the  immensely  important  result  of 
leading  men  to  view  the  Earth  as  a  great  unit  with  all  its  parts  co-ordioated  to 
one  end.  It  g^ave  a  philosophical,  we  may  even  say  a  theological,  character  to  the 
study  of  geography. 

Kant's  views  had  pointed  to  such  a  unity,  but  from  another  side,  that  of  evolu- 
tion. It  was  not  until  after  Charles  Darwin  had  fully  restored  the  doctrine  of 
evolution  to  modem  thought  that  it  was  forced  upon  thinking  men  that  the  fitness 
of  the  Earth  to  its  inhabitants  might  result  not  from  its  being  nude  for  them,  but 
from  their  having  been  shaped  W  it.  It  is  certain  that  the  influence  of  the 
terrestrial  environment  upon  the  life  of  a  people  has  been  carried  too  far  by  some 
writers — ^by  Buckle,  in  his  *  Hia|x>ry  of  Civilisation/  for  example — bnt  it  is  no 
less  certain  that  this  influence  is  a  potent  one. 
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Ths  Nature  of  Geography, 

Granted  that  such  influence  is  exercised,  some  objectors  mayoirge  that  geography 
has  nothing  to  do  with  the  matter,  and  we  are  compelled  to  acknowledge  that  the 
meaning  and  contents  of  geography  are  in  this  country  as  variously  interpreted  an 
the  colour  of  the  chameleon  in  the  traveller's  tale.  Yet  my  thesis  is  that  it  is 
just  this  relation  between  the  forms  of  the  solid  crust  of  the  Earth  and  all  the 
other  phenomena  of  the  surface  that  constitutes  the  very  essence  of  geography. 

It  IS  a  fact  that  many  branches  of  the  study  of  the  Earth's  surface  which  were 
included  in  the  cosmography  of  the  sixteenth  century,  the  physiography  of  Linnseua, 
the  physical  geography  of  Humboldt,  and  perhaps  even  the  Erdkunde  of  Ritter, 
have  been  elaborated  by  specialists  into  studies  which,  for  their  full  comprehen- 
sion, require  the  whole  attention  of  the  student.  Geology,  meteorology,  oceano- 
graphy, and  anthropology,  for  example,  have  been  successively  specialised  out  of 
geography  ;  but  it  does  not  follow  that  these  specialisations  fully  occupy  the  place 
of  geography,  for  that  place  is  to  co-ordinate  and  correlate  all  the  special  facts 
concerned  so  that  they  may  throw  light  on  the  plan  and  the  processes  of  the 
Earth  and  its  inhabitants.  Geography  is  concerned  with  the  results,  not  with 
the  processes  of  the  special  sciences,  and  the  limits  between  geography  and  geology, 
to  take  a  single  instance,  are  to  be  drawn,  not  between  any  one  class  of  phenomena 
and  another,  but  between  one  way  and  another  of  marshalling  and  utilising  the 
same  facts.  This  was  clear  to  Carpenter  in  1625,  though  we  have  almost  forgotten 
both  it  and  him. 

Tlie  Principles  of  Geography, 

The  principles  of  geography — the  '  pleasant  principles,'  to  use  the  phrase  of  old 
'William  Guningham  in  1559 — on  which  its  chums  to  status  as  a  science  rest  are 
generally  agreed  upon  by  modern  geographers,  though  with  such  variations  as 
arise  from  differences  of  standpoint  and  of  mental  process.  The  evolutionary  idea 
is  unifying  geography  as  it  has  unified  biology,  and  the  whole  complicated  subject 
may  be  presented  as  the  result  of  continuous  })rogres8ive  change  brought  about  and 
guided  by  the  influence  of  external  conditions.  These  views  have  been  often 
expressed  in  recent  years,  but  they  do  not  seem  to  have  been  very  serioudy 
considered,  and  no  excuse  need  be  oifered  for  presenting  them  once  more,  Uiou^ 
in  an  epitome  curt  to  baldness. 

The  science  of  geography  is  of  course  based  on  the  mathematical  properties  of 
a  rotating  sphere ;  but  if  we  define  geography  as  the  exact  and  organised  knowledge 
of  the  distribution  of  phenomena  on  the  surface  of  the  Earth,  we  see  the  force  of 
Kant's  classification,  which  subordinated  mathematical  to  physical  geogn^thy. 
The  vertical  relief  of  the  Earth's  crust  shows  us  the  grand  and  fundamental  contrast 
between  the  oceanic  hollow  and  the  continental  ridges ;  and  the  hydrosphere  is  so 
guided  by  gravitation  as  to  fill  the  hollow  and  rise  upon  the  slopes  of  the  ridges 
to  a  height  depending  on  its  volume,  thus  introducing  the  great  superficial  separa^ 
tion  into  land  and  sea.  The  movements  of  the  water  of  the  ocean  are  guided  in 
every  particular  by  the  relief  of  the  sea-bed  and  the  configuration  of  the  coast  lines. 
Even  the  distribution  of  the  atmosphere  over  the  Earth's  surface  is  afiected  by  the 
relief  of  the  crust,  the  direction  and  force  of  the  winds  being  largely  dominated  by 
the  form  of  the  land  over  which  they  blow.  The  different  physical  constitution 
of  land,  water  and  air,  especial! v  the  great  difference  between  the  specific  heat  and 
conductivity  or  diathermancy  of  the  three,  causes  changes  in  the  distribution  of  the 
sun's  heat,  and  as  a  result  the  simple  climatic  zones  and  rhythmic  seasons  of  the 
mathematical  sphere  are  distorted  out  of  all  their  primitive  simplicity.  The  whole 
irregular  distribution  of  rainfall  and  aridity,  of  permanent,  seasonal  and  variable 
winds,  of  sea-climate  and  land  climate,  is  the  resultant  of  the  guiding  action  of 
land  forms  on  the  air  and  water  currents,  disturbed  in  this  way  from  their  primitive 
theoretical  circulation.  So  far  we  see  the  surface  forms  of  the  Earth,  themselves 
largely  the  result  of  the  action  of  climatic  forces,  and  constantly  undergoing  change 
in  a  definite  direction,  controlling  the  two  great  systems  of  fluid  circulation 
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These  in  turn  control  the  distrihution  of  plants  and  animals,  in  conjunction  with 
the  direct  action  of  surface  relief,  the  natural  regions  and  climatic  belts  dictating 
the  distribution  of  living  creatures.  A  more  complicated  state  of  things  is  found 
when  the  combined  physical  and  biological  environment  is  studied  in  its  incidence 
on  the  distribution  of  the  human  race,  the  areas  of  human  settlement,  and  the 
lines  of  human  communications.  The  complication  arises  partly  from  the  fact  that 
each  of  the  successive  earlier  environments  acts  both  independently  and  collec- 
tively ;  but  the  difficulty  is  in  greater  degree  due  to  the  circumstance  that  man 
alone  amongst  animals  is  capable  of  reacting  on  his  environment  and  deliberately 
modifying  the  conditions  which  control  him. 

It  seems  to  me  that  the  glory  of  geography  aa  a  science,  the  fascination  of 
geography  as  a  study,  and  the  value  of  geography  in  practical  affairs  are  all  due 
to  the  recognition  of  this  unifying  influence  of  surface  relief  in  controlling,  though 
in  the  higher  developments  rather  by  suggestion  than  dictation,  the  incidence  of 
every  mobile  distribution  on  the  Earth's  surface. 

l^he  Classification  of  Geography, 

Following  out  this  idea,  we  are  led  to  a  classification  of  the  field  of  geography 
in  a  natural  order,  in  which  every  department  arises  out  of  the  preceding  with  no 
absolute  line  of  demarcation,  and  merges  into  the  succeeding  in  the  same  way 
This  classification,  it  is  necessary  to  note,  is  not  like  a  series  of  pigeon-holes,  which 
may  be  nlaced  in  any  arbitrary  order,  but  like  a  chain,  in  which  the  succession 
of  me  linKs  is  essential  and  unalterable. 

Since  form  and  dimension  are  the  first  and  fundamental  concepts  in  geography, 
the  first  and  basal  division  is  the  MathematicaL  Mathematical  geography  leaves 
the  Earth  as  a  spinning  ball  lighted  and  warmed  according  to  a  rigid  succession  of 
diurnal  and  annual  changes.  This  merges  into  the  domain  of  PAy^'ca^  Geography y 
which  involves  the  results  of  contemporary  change  in  the  crust  and  the  circulation 
of  the  fluid  envelopes,  with  the  resulting  modifications  in  the  simple  and  pre- 
dictable mathematical  distributions.  This  division  fails  naturally  into  three  parts : 
Geomorphology,  dealing  with  the  forms  of  the  solid  crust  and  the  changes  they 
are  undergoing  at  the  present  time ;  Oceanography,  dealing  with  the  great  masses 
of  water  in  the  world ;  and  Climatology,  dealing  with  the  efiects  of  solar  energy 
in  the  air.  But  all  three  spheres — lithosphere,  hydrosphere,  and  atmosphere— are 
so  closely  inter-related  that  no  one  of  them  can  be  studied  without  some  preliminary 
knowledge  of  the  others.  This  forms  the  largest  and  most  important  part  cf 
geography,  more  varied  and  intricate  than  the  mathematical,  better  known  and 
more  definite  than  those  involving  life. 

Bio^eography^  the  geographic^  distribution  of  life,  arises  directly  from  physical 
geography,  which  dominates  it,  but  it  is  fldl  of  complex  questions  which  involve 
the  biological  nature  of  the  organism  and  the  influence  ot  physical  environment, 
in  which  geographical  elements,  although  predominant,  do  not  act  alone.  Difficult 
as  some  of  the  problems  of  the  distribution  of  life  are  at  the  present  day,  the 
remains  of  living  creatures  found  fossil  in  the  rocks,  and  the  survivors  of  archaic 
forms  still  lingering  in  remote  islands,  supply  us  with  our  only  instrument  of 
research  into  the  geography  of  past  ages,  oiten  making  it  possible  to  lay  down 
the  areas  of  land  and  water  in  earlier  geological  periods. 

The  relation  of  man  to  the  surface  of  the  Earth  detaches  itself  from  the  rest  of 
Bio-geogfraphy  by  the  number  of  exceptions  to  general  laws  of  distribution  and  by 
the  human  power  of  modifying  environment.  It  has  necessarily  been  formed  into 
a  special  department,  Antkropo-geography.  In  primitive  man  the  control  exer- 
cis^  by  environment  is  nearly  as  complete  and  simple  as  in  the  case  of  the  lower 
animals ;  but  with  every  advance  in  culture  fresh  complications  are  introduced. 
The  relation  of  people  to  the  land  they  inhabit,  the  choice  of  sites  for  dwellings 
and  towns,  the  planning  and  carrying  into  efiect  of  lines  of  communication,  are  dl 
obviously  much  under  the  control  of  land  form  and  climate.  When  people  get 
settled  in  a  favourable  position  they  usually  become  attached  to  it ;  they  acquire, 
one  may  say,  the  colour  of  the  land,  in  modes  of  thought  as  well  as  in  manner  of 
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life.  The  poemff  of  Oflsian  and  the  Crofter  Question  require  for  their  olucidatioTi 
a  knowledge  of  the  geographical  conditions  of  the  Western  Highlands,  jnst  a» 
the  Border  ballads  and  the  Border  raids  were  largelj  conditioned  hj  the  geo- 
graphy of  the  Southern  Uplands. 

Attachment  to  the  native  yallej  or  the  native  fields  leads  to  the  holding  of 
land  by  clans  or  tribes  and  the  fusion  of  tribes  into  nations,  while  changes  in 
physical  conditions  stimulating  migration  from  a  deteriorating  country  may  lead 
to  the  invasion  of  settled  territories  by  homeless  hordes.  Here  Anthropo* 
geography  buds  oif  the  subdivision  of  Political  Oeograpkyf  which  takes  account 
of  the  artificial  boundaries  separating  or  subdividing  countries^  and  of  the  in- 
numerable artificial  restrictions  and  ameliorations  which  are  superimposed  on 
the  natural  barriers  and  channels  of  intercommunication.  Even  in  political 
geographv  only  a  humble  place  is  held  by  a  statement  of  bonndariea  and  capitals, 
t^  lists  of  which  the  great  name  of  Geography  has  actually  been  confined  by  people 
who  ought  to  have  known  better. 

Anthropo-geography  views  the  world  from  the  standpoint  of  the  race,  political 
geography  from  the  standpoint  of  the  nation ;  but  room  has  to  be  found  for  a  yet 
more  restricted  outlook,  that  of  the  individual,  whose  view  of  the  world  as  it 
profits  himSelf  is  known  as  commercial  geography.  This  department  deals  with 
natural  commodities  and  their  interchange,  and  perhaps  becaose  here  rather  than 
in  the  other  departments  a  successful  comprehension  of  the  inter-relation  of  cause 
and  efiect  may  be,  in  the  language  of  the  schoolroom,'  reduced  to  pounds, shillings, 
and  pence,'  the  name  of  Applied  Geographjr  has  been  proposed.  It  fitly  terminates 
our  survey  of  the  science,  for  the  fiickenng  disturbances  of  the  equilibrium  of 
supply  and  demand  known  simultaneously  over  the  whole  world,  and  the  slower 
movements  of  transport  to  restore  equilibrium,  are  still  far  from  the  power  of 
scientific  prevLnon,  and  all  we  can  do  at  present  is  to  point  out  certain  dear  lines 
of  least  resistance,  or  greatest  advantage^  due  to  the  interactions  of  natural  and 
human  causes  and  efiects. 

To  sum  up  in  a  sentence  the  field  and  the  function  of  geography  in  the  broad 
majesty  of  its  completeness,  we  may  say  that  it  is  the  description  of  the  surface 
of  the  solid  Earth  as  it  is  in  itself,  as  it  acts  upon  the  ocean,  the  air,  and  the  living 
things  which  inhabit  it,  and  as  it  is  afiected  in  turn  by  their  actions. 

Geogrcvphy  and  the  StcU^, 

Viewed  thus  I  believe  that  geography  will  be  found  to  aflbrd  an  important  doe 
to  the  solution  of  every  problem  affecting  the  mutual  relations  of  land  and  people, 
enlightening  the  course  of  history,  anticipating  the  trend  of  political  movements, 
indicating  the  direction  of  sound  industrial  and  commercial  development. 

It  would  be  possible^  unfortunately  it  would  be  easy^  to  enumerate  miseoDoep- 
tions  of  history,  blunders  in  boundary  settlements,  errors  in  foreign  policy,  uaeles* 
and  wasteful  ware,  mistakes  in  legislation,  failures  in  commercial  enterprise,  lost 
opporfuniti^  in  every  sphere,  which  are  due  to  the  neg^t  of  such  a  theo- 
retical geography.  8urely  it  is  to  the  laws  defining  the  interaction  of  Natora 
and  Mati  that  we  should  turn  for  guidance  in  such  affairs,  rather  than  to  the  dull 
old  British  doctrine  of '  mtlddling  through.'  That  vaunted  process  after  all  means 
that  we  are  driven  by  stress  of  facts  to  do  without  intendii^f  it  or  knowing  how, 
and  At  imiYiense  expense,  the  very  things  that  intelligent  study  beibrehand  would 
have  shown  to  be  necessar}',  feasible  and  cheap. 

All  this  has  been  urged  again  and  again,  and  it  has  fallen  on  the  eArs  of 
those  in  authority  '  like  a  tale  of  little  meaninff  though  the  words  are  strong.'  I 
admit  that  all  aavooates  of  a  rational  geography  have  not  escaped  tiie  danger  of 
the  special  pleader — they  have  promised  too  much.  If  a  Government  official  were 
to  say,  'Yes,  I  confess  there  was  a  mistake  here,  the  afiair  was  managed  badly, 
much  money  and  some  jrrestige  were  lost ;  it  must  all  be  done  over  again  $  please 
tell  me  how,'  1  am  afraid  that  the  chAnees  are  that  the  answer  would  be  vague, 
general  and  unpractical.  If  the  anewer  to  this  boldly  bypothetieal  question  is  ever 
to  be  clear  and  definite,  geography  milst  be  stildied  ai  it  has  never  yet  been  studied 
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in  tliia  country.  It  must  pass  bdyond  the  stage  of  a  recreation  for  retired  ofiicerfi, 
colonial  ofBcials,  and  persons  of  leisurey  and  become  the  object  of  intense  whole- 
hearted and  original  study  hy  men  of  no  less  ability  who  are  willing^  to  deTote, 
not  their  leisure,  but  their  whole  time  to  the  work.  The  object  of  geographical 
research  should  be  nothin£^  less  than  the  demonstration  or  refutation  of  what 
we  daim  to  be  the  central  principle  of  geography — that  the  forms  of  terrestrial 
relief  control  all  mobile  distributions. 

A  Projected  Geographical  Description. 

In  order  to  focus  the  question  it  may  be  convenient  to  consider  the  ffgogTaphy — 
or  chorography,  as  Ptolemy  would  have  termed  it — of  the  British  Islands.  No 
author  has  ever  attempted  to  give  such  a  description.  Camden's  '  Britannia ' 
was  swamped  by  archaeology ;  the  county  histories,  which  are  certainly  not  deficient 
in  number,  were  wrecked  outward  bound  on  the  harbour-bar  of  genealogy.  Sir 
John  Sinclair's  old  'New  Statistical  Account  of  Scotland  *  in  the  intellijfent  utilisa- 
tion of  very  incomplete  data  was  a  great  but  solitarv  stride  in  the  right  direction. 
Bartholomew's  great '  Atlas  of  Scotland  '  supplies  the  cartographical  basis  for  a 
modem  description  of  the  northern  kingdom ;  but  the  description  Itself  has  not 
been  undertaken  on  an  equal  scale.  The  work  of  producing  a  complete  geo- 
graphical description  of  the  British  Islands  would  be  gigantic,  but  not  hope- 
lessly difficult. 

The  material  has  been  collected  at  an  enormous  expenditure  of  public  money, 
and  is  stacked  more  or  less  accessibly,  much  of  it  well-seasoned,  some  1  fear  spoilt 
by  keepinff;  but  there  it  lies  in  overwhelming  abundance,  heaps  of  building 
materials,  but  ^requiring  the  labour  of  the  builder  before  it  can  become  a  building. 

There  is  first  and  chief  the  Ordnance  Survey,  one  of  the  grandest  pieces  of  work 
in  mathematical  geography  that  has  ever  been  accomplished.  The  result  is  a 
series  of  maps  almost  as  perfect  as  one  can  expect  any  human  work  to  be,  showing 
in  a  variety  of  scales  from  \  of  an  inch  to  25  juches  to  a  mile  every  feature  of  the 
confipfuration  of  the  land — except  the  lake-beds. 

There  is  next  the  hydrographic  survey  by  the  Admiralty,  giving  every  detail 
of  the  subaqueous  configuration  in  and  around  our  islands — excent  the  lake-beds. 

These  two  great  surveys  supply  the  basis  for  a  complete  description  ot  the 
British  Islands,  and  the  geological  survey,  which  in  a  sense  is  more  elaborate  than 
either  of  the  others,  completes  the  fundamental  part.  The  geological  map  makes  it 
possible  to  explain  many  of  the  forms  of  the  land  by  referring  to  the  structure  of 
the  rocks  which  compose  them.  Both  the  geological  and  hydrographic  Surveys 
are  accompanied  by  memoirs  describing  the  features  and  discussing  the  various 
questions  arising  from  the  character  of  each  sheet ;  but  there  is  nothing  of  the 
kind  for  the  maps  of  the  ordnance  survey. 

The  ordnance  maps  show  at  the  date  of  their  preparation  the  extent  and  also 
the  nature  of  the  woodlands  and  moorlands,  and  this  information  is  supplemented 
by  the  Returns  of  the  Board  of  Agriculture,  which  each  year  contain  the  statistics 
of  fkrm  crops,  waste  land,  and  livestock  for  every  county.  These  returns  are 
excellently  edited  from  the  statistical  point  of  view,  but  they  are  not  discussed 
geographically.  It  is  easy  to  see  in  any  year  how  much  wheat  is  raised  in  each 
county,  but  it  is  a  slow  and  laborious  process  to  discover  from  the  Returns  what 
are  the  chief  wheat-growing  areas  of  the  country.  The  count v  is  too  large  a  unit 
for  geographical  study,  as  it  usually  includes  many  types  or  land  form  and  of 
geological  formation.  Before  the  distribution  of  crops  can  be  understood  or 
compared  with  the  features  of  the  ground  they  must  be  broken  up  into  parishes, 
or  even  smaller  units,  and  the  result*  placed  on  maps  and  generalised.  The  vast 
labour  of  collecting  and  printing  the  data  is  unaertalien  by  Government,  and 
paid  for  by  the  people  without  a  murmur,  but  the  geographer  is  left  in  ignorance 
for  the  want  of  a  comparatively  cheap  and  simple  cartographic  representation  of 
the  &ct8. 

The  Inspectors  of  Mines  and  the  Board  of  Trade  publish  statistics  of  the 
industry  and  the  commerce  of  the  country,  statistically  excellent,  no  doubt,  but  in 
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most  cases  lacking  the  cartographic  expression  which  makes  it  posdble  to  take  in 
the  general  state  of  the  country  from  year  to  year.  The  Bame  is  true  of  the 
Kegistrar-Generars  Hetums  of  births,  marriages,  and  deaths,  in  themselves  an 
admirable  epitome  of  the  health  conditions  of  the  country,  and  of  the  fiuctuations 
in  population,  but  limited  by  a  narrow  specialism  to  the  one  purpose. 

Finally  and  chiefly  we  have  the  Census  Reports.  Once  in  ten  years  the 
people  are  numbered  and  described  by  sex,  age  and  occupation.  The  mhabited 
bouses  are  numbered,  and  the  smaller  dwellings  grouped  according  to  size.  The 
figures  are  most  elaborately  classified  and  discussed,  so  as  to  bring  out  the  distri- 
bution of  population,  and  its  change  from  the  previous  decade.  But  to  the 
geoji^apher  the  Census  Reports  are  like  a  cornfield  to  a  seeker  of  bread.  The 
grams  must  be  gathered,  prepared,  and  elaborated  before  the  desired  result  is 
obtained.  Nowhere  is  the  cartographic  method  more  useful  than  here.  It  is 
a  striking  contrast  to  turn  to  the  splendid  volumes  of  the  United  States  Census 
Reports,  many  of  them  statistically  inferior  to  ours,  but  thickly  illustrated  with 
maps,  showing  at  a  glance  the  distribution  of  every  condition  which  is  dttih 
wi&,  and  enabling  one  to  follow  decade  by  decade  the  progressive  development 
of  the  country,  and  to  study  for  each  census  the  relations  between  the 
various  conditions. 

These  are  only  a  few  of  the  statistical  publications,  produced  by  Goyemment, 
and  embodying  year  after  year  a  mass  of  conscientious  labour,  which,  save  for  a 
few  specialists  who  extract  and  utilise  what  concerns  themselves,  is  annually 
*cast  as  rubbish  to  the  void.' 

One  small  department  supported  by  public  money,  but  under  unofficial 
direction,  may  be  referred  to  as  an  example  of  the  successful  employment  of 
cartographic  methods.  This  is  the  Meteorological  CouncU,  appointed  by  the 
Royal  Society,  and  charged  with  the  collection  of  meteorological  data  and  the 
publication  of  weather  reports,  forecasts,  and  storm  warnings.  The  maps 
published  twice  daily  to  show  the  distribution  of  atmospheric  pressure  and  tempe- 
rature are  only  rough  sketches  and  ver^r  much  generalised,  yet  they  serve  the 
purpose  of  presenting  the  facts  in  a  graphic  form,  yielding  at  a  glance  information 
which  could  only  be  extracted  from  tables  by  long  and  laborious  efforts.  The 
pilot  charts,  published  monthly  by  the  same  dep^ment,  showing  the  average 
conditions  of  air  and  sea  over  the  whole  North  Atlantic,  and  the  occasional 
atlases  of  oceanographical  data  are  valuable  geographical  material. 

The  official  work  of  Government  is  supplemented  by  the  voluntary  labours  of 
many  societies,  in  whose  Transactions  much  valuable  material  is  stored,  and  ia 
not  a  few  cases  is  well  discussed.  But  even  with  these  supplements  gaps  remain 
which  must  be  filled  by  private  enterprise  before  a  complete  geographical  descrip- 
tion can  be  compiled. 

Considering  the  Ordnance  Survey  alone  it  is  much  to  be  regretted  that  cir- 
cumstances have  prevented  the  extension  of  the  survey  to  the  lake-beds,  whatever 
reason  may  be  assigned  for  the  omission ;  yet  such  is  the  fact.  The  directors  of  the 
Survey  have,  however,  shown  themselves  ready  to  encourage  private  workers  by 
placing  the  data  presented  by  them  upon  the  maps  with  due  ac^owledgment. 

The  Survey  of  the  Lakes, 

It  is  with  profound  satisfaction  that  I  now  make  an  announcement — by  spedal 
favour  the  first  public  announcement — of  a  scheme  of  geographical  resiearch  on  a 
national  scale  by  private  enterprise.  Sir  John  Murray  and  Mr.  Laurence  Pnllar 
have  resolved  to  complete  the  bathymetrical  survey  of  all  the  fresh-water  lakes 
of  the  British  Islands.  Mr.  Laurence  Pullar  will  take  an  active  part  in  the  pro- 
posed survey,  and  has  made  over  to  trustees  a  sum  of  money  sumdent  to  enable 
the  investigation  to  be  commenced  forthwith  and  to  be  carried  through  in  a 
comprehensive  and  thorough  manner.  It  is  intended  to  make  the  finisbed 
work  an  appropriate  and  worthy  memorial  of  Mr.  Pullar's  son,  the  late  Mr. 
Fred  Pullar,  who  had  entered  enthusiastically  upon  the  survey  of  the  lodis  of 
Scotland,  and  whose  heroic  death  while  endeavouring  to  save  life  in  Airthrey  Loch 
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last  February  must  be  present  to  the  memory  of  many  of  you.  Large  sums  of 
money  devoted  in  good  faith  to  scientific  purposes  do  not  always  bring  about  the 
wifiJied-for  result ;  but  in  this  case  there  is  no  room  for  anxiety  on  that  score. 
Sir  John  Murray,  with  whom  Mr.  Fred  Pullar  had  worked  for  several  years,  has 
generously  pronused  to  direct  the  whole  scheme,  and  to  be  responsible  for  carrying 
it  out.  All  the  lakes  of  the  British  Islands  will  be  sounded  and  mapped  as  a 
preliminary  to  the  complete  limnological  investigation  which  is  proposed.  The 
nature  of  the  deposits,  the  chemical  composition  of  the  water  and  its  dissolved 
ffases,  the  rainfall,  of  the  drainage  areas,  the  volumes  of  the  inflowing  and  out- 
flowing streams,  the  fluctuations  in  the  level  of  the  surface,  the  seasonal  changes 
of  temperature,  and  the  nature  and  distribution  of  aquatic  plants  and  animals  will 
all  receive  attention.  The  geological  history  of  the  lakes  may  also  be  enquired 
into  with  reference  to  such  points  as  the  growth  of  deltas,  the  erosion  of  the 
margins,  and,  perhaps,  the  conditions  of  the  old  dead  lakes  that  are  now  level 
meadows. 

Five  years  at  least  will  be  required  to  make  these  observations  and  to  in- 
corporate them  in  memoirs,  each  of  which  will  be  a  complete  natural  history 
of  the  lakes  of  one  river  basin.  The  proposed  work  wants  more  than  money, 
direction  and  time.  It  reauires  the  services  of  several  young  and  enthusiastic 
workers — preferably  men  who  have  completed  their  University  course  and  are 
anxious  to  devote  some  time  to  research.  Sir  John  Murray  and  Mr.  Pullar 
wish  to  meet  three  or  four  capable  young  fellows,  one  pre&rably  a  chemist, 
one  a  geologist,  one  a  botanist,  and  one  a  zoologist.  When  found  they  will 
be  oflered  a  salary  sufiicient  to  enable  them  to  give  their  whole  time  to  the 
work,  but  not  large  enough  to  induce  anyone  who  has  not  the  love  of  science  at 
heart  to  take  it  up.  From  my  experience  when  working  in  somewhat  similar  con- 
ditions at  the  Scottish  Marine  Station  seventeen  years  a^o,  I  can  promise  those 
who  will  have  the  ffood  fortune  to  be  selected  plenty  of  hard  work  for  which 
they  will  get  the  fimest  credit — and  this  they  will  appreciate  more  keenly  when 
they  cume  to  know  the  world  bett-er — and  I  can  promise  them  also  in  their 
association  with  Sir  John  Murray  a  course  of  scientific  and  intellectual  training 
0uch  as  even  the  universities  do  not  afiford. 

Other  Desirable  Surveys, 

The  Geological  Map  requires  to  be  supplemented  by  additional  work  on  the 
nature  of  the  superficial  soil  as  it  aflects  agriculture,  such  as  is  expressed  in 
the  Cartes  offranomiques  of  France,  going  more  fully  into  the  chemical  nature  of 
the  soil  than  is  possible  on  the  Drift  Maps  of  the  Survey  which  so  usefully  supple- 
ment the  maps  of  solid  geology.  Such  experiments  as  have  been  made  at  the 
College  at  Reading  in  collecting  analyses  of  the  soils  in  the  neighbourhood  might 
very  well  be  carried  out  at  the  agricultural  colleges  and  other  centres  all  over  the 
country. 

Of  equal  value,  though,  perhaps,  more  obviously  so  to  the  scientific  than  to 
the  '  practical '  man,  is  the  study  of  the  natural  vegetation  of  the  country.  In  a 
highly  cultivated  land  like  ours  there  are  comparatively  few  places  where  the 
native  flora  remains  in  possession,  but  the  mapping  of  the  main  crops  which  have 
supplanted  it  is  nearly  as  useful.  To  become  satbfactory  from  this  point  of  view, 
the  statistics  of  the  Board  of  Agriculture  ought  to  be  supplemented  by  surveys 
made  by  trained  botanists  on  the  groimd.  A  valuable  beginning  has  been  made 
under  the  ever-fertile  stimulus  of  Professor  Patrick  Geddes  in  the  two  sheets  of  a 
map  of  the  plant-associations  of  Scotland  compiled  by  the  lato  Robert  Smith, 
whose  premature  death  last  year  was  a  loss  to  science.  It  would  be  a  splendid 
thing  if  this  map  could  be  finished  as  a  memorial  to  the  brilliant  younff  botanist  in 
the  same  way  as  the  survey  of  the  lakes  is  proposed  as  a  memorial  worthy  of 
Fred  Pullar,  and  I  am  glad  to  learn  that  there  is  some  probability  of  it  being 
canied  on. 

Of  all  the  other  distributions  which  might  be  worked  out  cartographically 
time  fails  us  to  speak ;  but  reference  must  be  made,  however  briefly,  to  a  few. 

1901.  3  A 


Digitized  by 


Google 


710  REPORT— 1901. 

Geography  of  the  Air. 

With  ref|[ard  to  Meteorology,  the  4lBtributioD  of  temperature  and  preesiUB 
oyer  the  British  Islands  for  the  year  and  for  the  separate  months  haye  been 
worked  out  by  the  experienced  hand  of  Dr.  Buchan  and  published  both  in 
separate  memoirs  and  m  the  'Meteorological  Atlas/  edited  by  Dr.  Buchan 
and  Dr.  Herbertson.  But  such  observations  as  the  degree  of  cloud  or  of 
sunshine  can  as  yet  be  treated  only  in  a  superficial  and  generalised  way  for 
want  of  data.  Perhaps  the  most  important  and  certainly  the  most  difficult  of 
all  the  atmospheric  conditions  to  discuss  fully  is  precipitation.  It  depends  on  so 
many  varying  conditions,  such  as  the  form  and  exposure  of  the  land,  tne  altitude 
above  sea-level,  the  direction  and  force  of  the  wind,  the  relative  frequency  of 
thunderstorms,  the  distance  from  the  sea,  the  direction  of  the  average  paths  of 
cyclonic  storms,  &c.,  that  h,r  more  numerous  and  more  long-continued  observa- 
tions are  required  to  establish  the  normal  condition  of  the  country  than  in  the 
case  of  either  temperature  or  pressure.  When  t^e  reflect  that  the  whole  water- 
supply  of  the  country  depends  directly  on  rainfaU,  and  when  we  remember  that 
the  value  of  water-power  made  available  by  difierences  of  level  promises  to  be 
greater  in  the  future  than  it  has  been  in  the  past,  we  can  see  tnat  a  study  of 
rainfdl  in  conjunction  with  configuration  may  prove  as  valuable  for  the  localisa- 
tion of  the  manufacturing  centres  of  the  future  as  the  geological  survey  was  for 
those  of  the  present. 

Thanks  to  the  remarkable  foresight  and  the  untiring  exertions  of  the  late 
Mr.  Symons,  the  volunteer  rainfall  observers  of  this  country  have  been  encouraged 
to  ortipanise  their  efforts,  and  by  working  on  a  common  plan  have  accumulated 
within  the  last  forty  years  a  mass  of  observations  unrivalled  for  number  and  com- 
pleteness in  any  other  land.  But  as  yet  the  difficulties  in  the  way  of  constructing 
a  map  of  normal  rainfall  on  an  adequate  scale  have  not  been  overcome,  and  much 
experimental  work  will  probably  be  necessanr  before  it  can  be  accomplished.  To 
this  task  it  is  my  ambition  to  devote  myself:  I  may  be  permitted  to  state  that 
Scotland  is  ikr  behind  England  or  Wales  in  the  number  of  rainfall  stations  per 
square  mile.  Thus  there  is,  roughly,  one  rain-observing  station  for  every  20 
square  miles  of  England,  one  for  every  30  square  miles  of  Wales,  but  only  one 
for  every  67  square  miles  of  Sootland,  and  one  for  every  170  square  miles  of 
Ireland. 

Rainfiedl  observations  only  tell  the  amount  of  available  water ;  the  con- 
figuration of  the  stream-beds  must  be  considered  in  determining  water-power. 
The  only  country  I  know  where  the  horse-power  of  the  rivers  has  been  measured 
and  mapped  is  Finland,  but  of  course  individual  rivers,  such  as  the  Mississippi, 
Rhine,  Seine,  and  Thames,  have  been  thoroughly  studied.  Before  many  decades 
have  passed  it  will  be  a  necessary  element  in  the  surveys  of  all  countries,  though 
at  present  the  available  data  are  few  and  scattered. 

Population  Maps. 

In  considering  human  geography  we  come  to  the  most  interesting  and  least 
occupied  field  of  research.  Until  Mr.  Bosse  constructed  his  beautiful  maps  of  the 
density  of  population  of  Scotland  and  England  we  had  absolutely  no  carto- 
graphical representation  of  the  true  distribution  of  people  over  the  land.  To  map 
population  by  counties  gives  a  very  poor  idea  of  the  truth,  for  in  such  counties  as 
Yorkshire  or  Perthshire  there  are  large  areas  entirely  without  inhabitants,  and 
small  areas  where  the  population  is  very  dense.  Mr.  £k>8se'B  maps  were  made  on 
the  principle  of  leaving  blank  all  the  land  on  which  there  were  no  dwelling-houses, 
and  so  obtaining  a  close  approximation  to  the  true  density  of  population  of  the 
inhabited  area.  For  Scotland  his  map  shows  at  once  that  it  is  a  function  of 
configuration.  It  shows  the  densely  peopled  lowland  plain,  the  less  densely 
peopled  coast-slxip  surrounding  the  country,  and  the  least  densely  peopled  valleys 
running  inland  into  the  great  uninhabited  areas.  The  population  map  of  England, 
on  the  other  hand,  shows  an  absolutely  startling  relation  to  the  geological  structure^ 
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which  LB  turn  is  closely  related  to  the  configuration.  We  are  not  astonished  to 
see  the  centres  of  densest  population  coinciding  with  the  Coal  Measures,  but  it 
is  both  surprising  and  instructive  to  see  how  the  density  of  population  runs 
parallel  to  the  strike  of  the  Secondary  and  Tertiary  rocks  of  south-eastern 
England,  a  band  of  the  lightest  population  following  each  outcrop  of  chalk  and 
limestone,  a  band  of  dense  population  following  each  belt  of  sandstone  or  clay. 

Anthropo-geography  teems  with  fascinating  subjects  of  research.  The  admi- 
rable investigations  in  the  West  of  Iieland  on  the  physical  anthropology  of  the 
people  might  well  be  extended  to  the  whole  country  outside  the  great  towns, 
where  all  evidence  of  place  of  origin  and  original  character  is  speedily  lost.  Good 
work  has  been  done  in  this  way  by  the  Ethnographic  Survey  promoted  by  a 
committee  of  this  Association,  and  a  committee  ot  the  Royal  Scottish  Geo- 
graphical Society  has  rendered  great  aid  to  the  Ordnance  Survey  in  the  cognate 
study  of  the  place-names  of  Scotland. 

The  distnbution  of  religion,  even  in  the  three  typical  forms  of  Anglican, 
Presbyterian,  and  Roman  Catholic — forms  so  typical  as  to  be,  broadly  speaking, 
national — is  most  imperfectly  known.  The  objection  to  a  religious  census  is  one 
which  is  somewhat  difficult  of  comprehension  in  Scotland,  and  too  polemic  for 
sober  discussion  in  England.  But  a  few  of  the  problems  are  worth  being  worked 
out  by  individuals.  The  curious  islands  of  Roman  Catholic  continuity  in  Lanca- 
shire/the  Hebrides  and  the  Highlands  can  probably  be  related  simply  enough  to 
the  configuration  of  the  country  and  the  means  of  communication  as  influenciog 
free  movement  of  people  at  critical  periodf^  of  history.  There  are  many  inter- 
esting points  as  to  the  geographical  distribution  of  surnames,  the  relation  of 
characteristic  literature  or  poetry  to  specific  areas ;  things  small  in  themselves,  but 
capable  of  exercising  very  far-reaching  influence  if  systematically  worked  out. 

Geographical  Synthesis, 

Granted  that  the  subsidiary  surveys  have  been  made  and  the  results  put  in  a 
strictly  comparable  form,  the  central  problem  remains — the  synthesis  of  the  complete 
geography  of  the  country.  This  can  perhaps  be  solved  best  by  comparing  the  maps 
of  the  various  distributions  in  the  proper  order,  and  seeing  how  far  they  are 
related  to  one  another.  For  the  general  discussion  the  Ordnance  Map  on  the 
scale  of  1  inch  to  a  mile  should  be  used,  and  each  natural  regioq  ought  properly  to 
be  treated  by  itself,  but  as  a  matter  of  practical  convenience  it  would  probably  be 
found  best  to  select  either  the  artificial  boundaries  of  counties  or  the  still  more 
arbitrary  lines  bounding  sheets  of  the  map.  Whatever  small  area  is  taken  as 
the  unit  of  description,  it  should  be  treated  in  such  a  way  as  to  seek  for  and  prove 
or  disprove  the  existence  of  any  control  exercised  by  the  form  of  the  land  and  its 
geological  character  on  the  outcrops  of  the  rocks,  the  nature  of  the  soil,  the  course 
of  the  rivers,  the  temperature  and  movements  of  the  air,  the  rainfall,  the  vegetation 
and  agriculture,  the  distribution  of  population,  the  sites  of  towns,  villages,  and 
isolated  dwellings,  the  roads,  railways  and  harbours,  the  birth-rate  and  death-rate, 
and  on  the  progressive  changes  in  all  these  conditions  which  are  shown  in  the 
discussion  of  the  statistics  collected  annually  or  decennially.  When  such  unit 
areas  are  worked  out  individually  the  results  can  easily  be  combined  and  condensed 
into  a  geographical  description  that  will  be  complete,  well  balanced,  and  sym- 
metrical. The  work  is  practicable ;  it  requires  only  time,  money,  direction  and 
workers  to  carry  it  out ;  but  although  a  specimen  memoir,  prepared  by  the 
authority  of  the  Royal  Geographical  Society,  met  with  a  certain  measure  of 
approval,  all  attempts  failed  to  obtain  funds  for  making  the  work  complete,  and 
the  scheme  must  await  a  more  educated  generation  before  it  can  be  profitably 
revived  in  its  entirety.  Meanwhile  this  field  for  geographical  study  and 
research  lies  at  the  doors  of  every  university  where  the  subject  is  or  may  be 
recognised,  and  the  labours  of  professors  and  students  might  be  profitably 
directed  to  the  completion  of  such  memoirs  for  the  surrounding  district,  gradually 
working  further  and  further  afield.  The  idea  is  no  more  new  than  every  other 
'  thing  under  the  aim,'    Such  exercises,  not  so  elaborately  planned,  but  the  same 
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in  essentials,  were  ordinary  subjects  for  theses  in  the  universities  of  Sweden  and 
flnland  during  the  eighteenth  century.  To  come  nearer  home,  the  local  handbooln 
prepared  for  successive  meetings  of  the  British  A.s80ciation  are  frequently  very  £ur 
examples  of  the  geographical  description  of  a  district.  The  essential  qualities  are 
rarer  in  guide-books,  but  we  must  not  forget  one  brilliant  exception,  the  poet 
Wordsworth's  '  Guide  to  the  English  Lakes/ 

It  is  pleasant  to  hear  that  through  the  encouragement  of  Sir  John  Murray  the 
Scottish  Natural  History  Society  is  taking  up  the  systematic  study  of  the  baain  of 
the  Forth,  and  they  will,  I  feel  sure,  give  a  good  account  of  their  labours.  One 
point  which  must  be  very  strongly  emphasised  is  that  a  geographical  treatise  is 
distinguished  from  a  jumble  of  facts  mainly  by  the  order  and  proportion  in  wMdi 
the  phenomena  are  dealt  with,  and  by  the  relation  of  cause  and  effect  that  is 
established  between  them. 

As  to  the  utility  of  complete  geographical  descriptions,  we  must  of  course 
recognise  their  greater  practical  importance  in  new  and  developing  countries  than 
in  old  lands  like  our  own.  Yet  even  with  us  the  study  or  the  distribution  of 
natural  resources  may  suggest  important  changes,  involving  great  redistributions 
of  population. 

A  Geographical  Warning, 

Hitherto,  except  as  regards  exploration  and  cartography,  the  position  of 
geography  in  this  country  has  never  been  satisfactory.  Times  are  changing,  and  even 
in  exploration  we  are  now  only  one  amongst  many  rivals,  often  better  equipped  by 
education,  usually  in  no  way^  deficient  in  daring.  Although  the  best  work  of 
several  of  our  cartographers  in  Edinburgh  and  London  need  fear  no  comparison, 
we  cannot  conceal  the  fact  that  Germany  leads  the  world  in  map-making.  As 
regards  the  recognition  or  even  the  comprehension  of  geography  by  the  State,  by 
the  universities  and  by  the  public,  we  are  equally  far  behind  our  neighbours  acroas 
the  North  Sea. 

It  has  sometimes  been  hinted  that  the  study  of  geography  has  been  deliberately 
discouraged  by  politicians  or  by  merchants  because  too  much  knowledge  on  tJie 
part  of  the  public  might  embarrass  foreign  policy  or  lead  to  mercantile  competi- 
tion ;  but  we  surely  cannot  entertain  such  unworthy  suspicions.  I  am  inclined  to 
attribute  the  neglect  of  the  subject  merely  to  ignorance  of  its  nature  due  to 
imperfect  education. 

Two  cases  in  which  the  application  of  geography  to  political  and  practical 
affairs  suggests  a  definite  course  of  action  may  be  mentioned  as  examples.  There 
is  still  one  important  colonial  boundary  entirely  undelimitod  in  a  region  somewhat 
difiicult  of  access  and  still  little  known,  where  gold  fields  will  probably  be  found 
or  reported  before  long,  and  where  a  very  serious  international  question  may 
suddenly  arise  in  a  part  of  the  world  absolutely  unsu8|>ected  by  most  people,  even 
amongst  those  who  interest  themselves  in  general  politics  and  in  colonial  af&irs. 
It  would  cost  a  comparative  trifle  to  survey  the  region  in  question,  and  to  lay 
down  that  boundary  line  before  the  goldfields  are  touched,  so  that  no  international 
trouble  could  ever  arise.  What  it  may  cost  to  postpone  the  matter  until  claims 
have  been  pegged  out  on  debatable  land,  the  British  Guiana  and  Venezuela 
arbitration,  the  Alaska  difficulty,  and  South  Africa  are  there  to  tell  ua.  It  would 
be  interesting  to  calculate,  now  that  the  cost  of  a  week  of  fighting  is  known,  the 
saving  in  pennies  on  the  income  tax  that  would  have  accrued  from  a  survey  of 
South  Africa  if  that  had  been  carried  out  as  an  imperial  duty  when  Cape  Colony 
was  settled.  I  do  not  for  a  moment  suggest  that  a  survey  would  have  prevented 
the  war ;  but  it  is  not  unreasonable  to  believe  that  it  would  have  shortened  it  by 
some  months.  In  this  connection  it  is  satisfactory  to  know  that  a  valuable  report 
has  been  drawn  up  by  a  Committee  of  the  British  Association,  presided  over  by 
Sir  Thomas  Holdich,  embodying  a  scheme  for  the  systematic  survey  of  Briti^ 
protectorates. 

The  second  example  comes  nearer  home.  The  utilisation  of  wind-  and  water- 
power  must  increase  in  importance  as  mineral  fuel  diminishes  in  amount  or 
uicreases  in  price.  Wind-  and  water-power  will  never  fail  as  long  aa  tlie  mm  shines 
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and  the  land  remains  higher  than  the  sea ;  but  what  may  fail  unless  dmelj  pre- 
cautions are  taken  is  the  power  of  utilising  them  for  the  benefit  of  the  community 
at  large.  Are  the  existing  laws  as  to  water-rights,  and  the  absence  of  laws  as  to 
the  utilisation  of  wind  desirable  and  satisfactory  P  The  usual  answer  to  such 
questions  is,  *  Why  trouble  about  that  just  now  ?  These  matters  are  not  urgent, 
other  things  are/  That  argument  is  answerable  for  many  disasters.  The  inevit- 
able is  in  many  if  not  in  most  cases  simply  another  name  for  the  unforeseen.  It 
is  inevitable  that  the  country  will  be  impoverished  if  the  utilisation  of  wind-  and 
water-power  and  the  transport  of  that  power  by  electricity  ar«  not  wisely  safe- 
guarded and  provided  for ;  but  when  a  survey  of  our  resources,  the  circulation  of 
the  air  over  our  islands,  and  the  effects  produced  by  the  interposition  of  the  moun- 
tains, plateaus,  and  valleys  upon  it,  plainly  points  to  the  possibility  of  such  a 
trouble,  it  only  becomes  inevitable  as  a  result  of  culpable  negbgence. 

These  two  examples,  which  will  not  strike  anyone  whose  mind  is  wholly  oc- 
cupied in  paying  the  penalties  of  old  neglect,  illustrate  my  contention  that  a  com- 
plete geographical  description  based  on  full  investigation,  is  of  the  highest  and 
most  urgent  importance,  not  for  this  country  only,  but  for  the  Empire,  and  for 
every  country  in  the  world. 

Nor  is  it  the  land  alone  whicb  claims  attention.  It  is  of  the  utmost  importance 
to  investigate  and  evaluate  the  resources  of  the  surrounding  seas.  The  recent 
International  Conference  for  the  exploration  of  the  sea  held  at  Christiania  formu- 
lated a  scheme  of  research  which  has  been  taken  up  enthusiastically  by  Belgium, 
Holland,  Germany,  Denmark,  Russia,  Sweden  and  Korway.  Its  object  is  to 
place  the  fisheries  of  Northern  Kurope  on  a  scientific  basis,  and  to  make  for  that 
purpose  a  comprehensive  survey  of  the  sea,  which  will  prove  of  high  value  to 
meteorology, '  and  through  it  to  agriculture  as  well.  The  recent  work  by 
Mr.  H.  N.  Dickson  on  the  circulation  of  the  surface  waters  of  the  North  Atlantic 
in  conjunction  with  similar  work  by  Professor  Pettersson  in  Sweden  shows  how 
hopeful  such  researches  are  from  the  purely  scientific  standpoint,  and  their  practical 
importance  is  no  less.  It  remains  with  our  Government  to  show  that  this 
country  is  not  indifferent  to  an  opportunity,  such  as  has  never  presented  itself 
before,  of  placing  one  of  our  ^at  national  industries  on  a  basis  of  scientific 
knowledge.  This  is  in  my  belief  one  of  the  cases  in  which  the  expenditure  of 
thousands  now  will  mean  the  saving  of  millions  a  few  years  hence. 

It  is  magnificent  to  send  out  polar  expeditions ;  they  speak  volumes  for  the 
greatness  of  the  human  mind  that  can  give  itself  to  the  advancement  of  knowledge 
for  the  sake  of  knowledge,  knowing  that  it  will  bring  no  material  gain ;  and  I 
trust  that  such  a  spirit  will  continue  to  manifest  itself  until  no  spot  on  Earth,  no 
land  however  cold  or  hot,  no  depth  of  sea,  no  farthest  limit  of  the  atmosphere 
remains  unsearched  and  its  lesson  unlearnt.  But  I  insist  that  the  full  study  of 
our  own  countiy  is  on  a  totally  different  footing.  Magnificent  it  majr  be,  too,  but 
sternly  practical,  since  it  is  absolutely  essential  for  our  future  well-being,  and  even 
for  the  continuance  of  the  nation  as  a  Power  amongst  the  states  of  the  world. 
Still,  there  is  every  probability  that  such  work  will  be  neglected  until  the  events 
which  it  should  avert  are  upon  us,  and  then  it  will  be  too  late  to  make  provisions 
which  now  could  be  done  cheaply,  easily,  and  effectively. 

A  Proposed  Remedy, 

The  few  attempts  which  have  been  made  in  this  country  to  promote  the  study 
of  geography  or  to  diminish  the  discouragements  to  geographical  research  have 
had  but  slight  success.  Much  has  been  done  to  improve  geographical  teaching 
by  the  Royal  Geographical  Society,  the  Royal  Scottish  Geographical  Society,  the 
Geographical  Association,  this  Section  of  the  British  Association,  and  other 
bodies;  but  that  is  not  my  theme.  I  refer  to  the  little  that  has  been  done 
towards  the  elaboration  of  a  geographical  theory  and  the  elucidation  of 
geographical  processes.  Amongst  the  not  inconsiderable  number  of  teachers  of 
geography  in  the  Universities  and  colleges  of  Great  Britain  there  is  not  one 
man  who  receives  a  salary  on  which  he  can  live  in  decent  comfort  so  as  to 
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devote  all  his  time,  or  a  substantial  part  of  it,  to  geographical  research ;  and  th« 
same  is  true  of  ererjr  official  of  all  tne  geographical  societies.  Not  one  is  paid  a 
salary  sufficient  to  enable  him  to  devote  the  time  not  occupied  by  mechanical 
routine  to  any  other  purpose  than  supplementing  his  income  by  outside  work — 
writing  text-books,  correcting  examination  papers,  perhaps  even  practising 
journalism.  If  by  an  effort  and  the  sacri&ce  of  some  oi  the  comforts  considered 
necessary  by  most  people  of  the  professional  classes  he  devotes  a  few  odd  hours 
now  and  then  to  some  original  research,  he  finds  very  few  to  consider  it  seriously; 
some  friendly  expressions  of  opinion  possibly,  but  scarcely  a  reader ;  and  it  counts 
for  nothing,  save,  perhaps,  in  enhancing  the  reputation  of  his  country  in  other 
lands  where  scientific  work,  no  matter  in  what  department,  is  valued  in  a  doe 
degree.  All  this  must  be  changed  before  much  progress  can  be  made.  No  doubt 
a  giant  of  genius  would  ignore  all  obstacles  and  pursue  his  work  regardless  of 
recognition ;  but  such  giants  are  not  to  be  looked  for  many  times  in  a  century. 
It  should  be  made  possible  for  a  man  of  fair  abilities  to  receive  as  much  oppor- 
tunity, encouragement,  recognition  and  reward  for  good  work  in  geography  aa 
for  good  work,  let  us  say,  in  chemistry  or  electricity.  That  is  all  that  can  reason- 
ably be  asked,  and  that  is  what  is  freely  accorded  in  other  countries  where  the 
status  of  the  man  of  science  is  higher  than  it  is  with  us.  It  is  here  that  help 
may  be  hoped  for  from  the  Scottish  Universities  in  the  strength  of  their  new 
endowments.  If  a  Chair  of  Geography  were  instituted  with  the  purpose  of 
promoting  research  first  and  teaching  afterwards,  properly  equipped  with  books, 
maps,  and  apparatus,  and  held  on  the  understanding  that  no  outaide  work  was  to 
be  undertaken,  something  might  yet  be  done  to  restore  our  country  to  the 
position  it  held  a  century  and  a  half  ago,  when  a  text-book  of  geography  was 
published  without  a  thought  of  sarcasm,  containing  a  frontispiece  repreeenting 
'Britannia  instructing  Europe,  Asia,  Africa,  and  America  m  the  Science  (3 
Geography.* 

The  following  Papers  and  Report  were  read : — 

1.  Martin  Behaim  of  Nurnberg^  1459-1507.     By  E.  G.  Ravenbtbik. 

Martin  Behaim  of  Niimberg  fills  a  place  of  some  prominence  in  the  history  of 
geography  on  three  grounds:  firstly,  the  famous  historian  Jo&o  de  Barroe, 
writing  in  1539,  tells  us  that  he  was  a  pupil  of  Regiomontanus,  and  was  appointed 
jointly  with  Master  Rodrigues  and  Master  Josepo,  a  member  of  a  committee  who 
devised  a  method  of  'navigating  by  the  sun,'  which  had  become  necessary  since 
the  Portuguese  had  crossed  the  equator,  and  left  behind  them  the  pole  star  to 
determine  their  latitude ;  secondly,  Behaim  claims  to  have  commanded  a  vessel 
in  Cfto's  memorable  second  expedition  ;  and  thirdly,  during  a  visit  to  Niimberg, 
in  1490-1493,  he  superintended  the  manufacture  of  a  terrestrial  globe,  which  sur- 
vives to  this  day,  and  is  the  most  ancient  geographical  monument  of  that  kind  in 
existence.  As  to  the  first  point  we  may  well  doubt  whether  Behaim  was  a  pupil 
of  the  great  Franconian  astronomer,  for  Regiomontanus  left  Niimberg  in  July 
1575,  and  Behaim  was  intended  for  a  commercial  and  not  for  a  scientific  career. 
We  know,  on  the  other  hand,  that  Jos^  Visinho,  the  Josepo  of  de  Barros  and  a 
pupil  of  the  astronomer  Zacuto  of  GuimarSes,  actually  did  translate  the  '  Almanach 
Perpetuum '  of  his  master  (it  was  printed  at  Leiria  in  1496),  and  in  1484  under- 
took a  voyage  to  the  Guinea  coast  for  the  especial  purpose  of  determining  the 
latitudes  with  the  aid  of  the  astrolabe  and  the  tables  of  the  declination  of  the  sun, 
furnished  by  Zacuto.  Behaim  may  have  accompained  Jos^  on  this  voyage.  It 
has  bnen  suggested  that  he  introduced  into  the  Portuguese  navy  an  '  improved ' 
astrolabe,  the  cross-staff  or  the  '  Ephemerides '  of  Regiomontanus ;  but  these  are 
mere  idle  conjectures. 

Nor  can  we  admit  that  Behaim  was  a  member  of  C&o's  second  expedition, 
which  left  Lisbon  towards  the  close  of  1485  and  was  back  before  August  1486. 
Behaim's  own  account  we  gather  from  the  legends  on  his  globe  and  information 
evidently  communicated  by  him  to  Hartmann  Schedel,  the  compiler  of  the  well- 
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known  ^  Liber  Chrouiconim.'  He  claims  to  have  left  Portugal  in  1484  in  com- 
mand of  one  Teesely  the  other  being  commanded  by  Cdo ;  to  have  set  up  a  PadrSkO 
on  Monte  Negro  on  January  18, 1485 ;  and  to  haTe  turned  homeward  after  a 
voyage  of  2,300  leagues.  As  measured  on  his  globe  these  2,800  leagues  would 
have  carried  him,  far  beyond  the  Oape  of  Gkx)d  Hope,  to  a  *  Prom.  S.  Bartholomeo 
viego,'  whilst  Cfto  turned  back  on  a  Gabo  Negro  (now  known  as  Oape  Gross)  in 
16°  14'  8.  If  Behaim  was  knighted  on  Friday,  February  18,  1486  (day  of 
the  week,  date,  and  year  are  in  agreement),  he  cannot  have  set  up  a  pUlar  on 
January  18, 1486.  But  even  supposing  all  these  inconsistent  dates  of  his  to  be  due 
to  lapses  of  memory,  we  should  still  hesitate  to  admit  his  having  been  a  companion 
of  that  famous  explorer,  still  less  would  a  man  who  wrote  in  1493  that  *  the 
polar  star  not  being  visible  to  the  south  of  the  equator  and  the  magnet  refusing 
to  act  the  navigators  are  constrained  to  miJie  their  course  with  the  aid  of  the 
astrolabe '  have  been  placed  in  conmiand  of  a  Portuguese  vessel.  Behaim  has 
nothing  to  say  about  the  powerful  Manicengo  *  discovered '  by  G&o,  but  seems  to 
know  everything  about  King  Furfiir^s  Land  (Benin),  where  the  <  Portugal  pepper ' 
was  discovered  in  1485 ;  about  the  mysterious '  Ogane,'  supposed  to  be  Prester  John ; 
and  about  the  great  mortality  in  the  Gulf  of  Guinea  owinff  to  the  heat.  But 
these  are  en>eriences  of  the  expedition  of  Jo&o  Affonso  d'Aveiro,  who  left 
Portugal  in  1485  and  returned  in  1486  in  time  for  Behaim  to  enter  into  a  scheme 
for  the  discovery  of  the  *  island  of  the  seven  cities,'  as  supposed  by  Ernesto  do  Ganto. 
We  therefore  think  it  (][uite  possible  that  Behaim  took  part  in  d'Aveiro^s  expedi-  ' 
tion,  but  reject  unhesitatingly  his  claim  to  have  commanded  a  vessel  in  that  of 
Cao. 

As  to  the  ^lobe  still  to  be  seen  at  Numberg  there  is  no  doubt  that  it  was  pro- 
duced under  his  direction,  and  I  propose  shortly  to  publish  a  full  description  of  it, 
together  with  a  trustworthy  facsimile. 


2.  Report  on  the  ClimaMogy  of  Tropical  Africa, — See  Reports,  p.  383. 


3.  Morphological  Map  of  Europe.    By  Dr.  A.  J.  HiRBEBTSOlT. 


4.  Geographical  Condition^  affecting  British  Trade, 
By  Geo.  G.  Chisholm,  M,A,^  B.Sc.^ 

Fluctuations  in  British  trade  are  often  discussed  as  if  they  depended  solely  en 
such  matters  as  tariffs  and  bounties,  the  ignorance  and  negligence  or  knowledge 
and  enterprise  of  merchants,  the  behaviour  of  masters  and  men  among  the  indus- 
trial classes,  railway  rates,  and  so  forth.  It  may  therefore  be  worth  while  to  call 
attention  to  some  obvious  facts  showing  that  geographical  conditions  are  im- 
portant factors  to  be  taken  into  account  in  considering  such  changes. 

The  history  of  Glasgow  fumisKes  a  very  interesting  illustration  of  this  truth. 
Throughout  the  separate  historv  of  Scotland,  Glasgow  was  a  town  of  quite  minor 
importance.  Not  till  trans-Atlantic  trade  developed  did  it  rise  to  the  position  of 
an  important  commercial  and  industrial  city.  In  considering  this  rise  it  is  im- 
portant to  note  that,  in  relation  to  such  trade,  the  physical  configuration  of  Scot- 
land gives  to  Glasgow,  as  its  hinderland,  not  merely  the  small  vfdley  of  the  Glyde, 
but  ail  the  originally  richer  eastern  lowlands  of  Scotland  from  the  Grampians  to 
the  Tweed. 

In  discussing  the  subject  of  the  Paper  with  reference  to  the  United  Eangdom 
as  a  whole,  it  will  be  convenient  to  distinguish  between  commercial  and  industrial 
advantages  or  disadvantages,  even  although  these  act  and  react  on  one  another. 

Gommercially,  this  country  has  a  situation  presenting  unparalleled  advantages 
in  relation  to  those  parts  of  the  world  most  conveniently  reached  from  the 

^  Published  in  full  in  the  Geographical  Journal^  October  1901. 
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seaboard,  but  no  otbers.  The  importance  of  these  advantages  is  well  illostrated 
by  the  great  magnitude  and  the  remarkable  constancy  in  the  relative  value  of 
the  British  entrepdt  trade,  and  also  by  the  rapid  development  and  continued 
pre-eminence  of  our  chief  textile  industr}^,  that  of  cotton. 

Such  being  the  essential  nature  of  British  commercial  advantages,  all  improve- 
ments in  connection  with  shipping,  the  change  from  wood  to  iron  and  steel  as 
ship-building  materials,  the  change  from  sails  to  steam  as  a  means  of  propulsion, 
the  improvement  of  marine  engines,  the  enlargement  of  ships,  the  improvement 
and  enlargemeDt  of  harbours,  the  improvement  of  the  means  of  communication 
between  the  seaboard  and  the  interior  in  all  parts  of  the  world,  have  tended  in 
the  aggregate  more  to  the  advantage  of  this  country  than  any  other. 

On  the  other  hand,  all  improvements  in  the  means  of  communication  between 
inland  centres  of  production  and  inland  markets  have  tended  to  diminish  the 
relative  value  of  the  commercial  jposition  of  this  country.  This  consideration  is 
illustrated  by  reference  to  some  lacts  in  the  history  of  the  trade  of  Germany  with 
surrounding  countries,  and  that  of  the  United  States  with  Mexico  and  Canada. 

The  industrial  advantages  of  the  United  Kingdom  depend  on  the  great 
abundance  of  coal  and  iron  ore  in  convenient  situations.  It  is  obvious,  however, 
that  the  development  of  similar  resources  elsewhere  must  reduce  the  relative  value 
of  these  advantages.  With  reference  to  this  point  the  position  of  two  rival 
countries  is  of  peculiar  interest  for  different  reasons.  Germany  is  so  favoured, 
both  in  its  coal  and  iron  fields,  that  one  is  led  to  ask  why  that  country  vras  so 
long  in  becoming  a  rival  in  industry  of  the  United  Kingdom.  The  United  States 
is  even  more  favoured,  and  in  the  case  of  that  country  the  interesting  point  to 
•note  is  how  the  advance  of  time  is  tending  to  increase  its  industrial  advantages 
relatively  to  those  of  our  own  country. 

Another  circumstance  tending  to  lower  the  industrial  advantages  of  this 
country  relatively  to  those  of  others  is  the  development  of  water-power.  Formerly 
the  use  of  this  power  was  restricted  by  natural  obstacles,  but  now  these  olratacles 
are,  to  a  large  extent,  removed  by  the  employment  of  electricity  as  a  means  of 
transmitting  that  power.  All  this  must  obviously  tend  more  to  the  advantage  of 
such  countries  as  Switzerland,  Norway,  and  Italy  in  Europe,  and  Canada  and  the 
United  States  in  America,  than  to  that  of  this  country.  Under  this  head  the  case 
of  Italy  is  of  peculiar  interest.  Water-power  is  there  getting  very  largely  applied 
through  electricity.  Now,  it  is  to  be  borne  in  mind  that  Italy  has  an  extremely 
advantageous  commercial  situation.  That  was  shown  by  the  whole  history  of 
commerce  in  the  middle  ages.  The  opening  of  the  Suez  Canal  has  restored,  to 
some  extent,  this  advantage,  which,  however,  has  not  yet  been  fully  or  even 
largely  turned  to  account.  But  in  commerce  the  great  law  is  that  to  him  that 
hath  shall  be  given.  K,  then,  Italy,  through  her  water-power  or  in  other  ways, 
is  able  to  develop  very  greatly  a  trade  based  on  her  own  resources,  all  the  more 
likely  will  she  be  to  add  to  that  trade  a  great  transit  and  entrepot  trade  such  as 
she  once  possessed. 


5.  The  Influence  of  Geographical  Environment  on  Political  'Evolution, 
By  Alletne  Irelakd. 

The  influence  of  geographical  environment  on  political  evolution  in  the  tropica 
and  sub-tropics  is  a  subject  which  must  assume  for  us  an  increasing  practical 
interest  as  time  passes.  In  order  to  emphasise  this  point  it  is  only  necessary  to 
observe  that,  taking  the  tropics  and  sub-tropics  to  mean  the  heat-belt  lying 
between  30°  N.  and  3(f  S.,  the  sea-borne  trade  of  these  regions  is  increasing  at  a 
much  greater  rate  than  is  the  sea-borne  trade  of  the  temperate  lands. 

We  know  that  commerce  to-day  demands  for  its  best  development  certain 
conditions  of  government  which  must  in  the  main  conform  to  the  usages  of  what 
we  call  Western  Civilisation.  Thus  the  construction  of  the  Suez  Canal  involved 
the  Europeanising  of  the  Egyptian  Government,  as  the  Panama  or  Nicaragua 
Canal  of  the  future  will  involve  the  establishment,  under  one  authority  or  another, 
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of  a  type  of  govemment  in  Central  America  very  different  firom  that  which  now 
exists. 

It  would  be  easy  to  multiply  indefinitely  examples  intended  to  prove  the 
interdependence  of  commerce  and  political  administration.  The  history  of  British 
rule  in  India  might  well  be  founded  on  that  central  idea;  and  from  the  earliest 
times  European  relations  with  China  have  been  moulded  by  the  failure  of  the 
Chinese  political  system  to  meet  the  necessities  of  European  commerce. 

A  brief  survey  of  the  history  of  tropical  and  sub-tropical  countries  during  the 
past  four  centuries  confronts  us  with  the  fact  that  in  three  countries  only — 
Mexico,  Peru,  and  India— did  the  first  European  travellers  find  native  Gtevem- 
ments  possessing  any  serious  elements  of  stability,  and  that  in  each  case  the 
government  was  in  the  form  of  a  military  despotism.  Broadly  speaking,  we  may 
say  that  whatever  degree  of  organised  government  exists  to-day  in  Central  and 
South  America,  in  the  West  Indies,  in  the  whole  of  Africa,  in  Further  India,  and 
in  the  Malay  Archipelago  is  due  to  the  intrusion  of  one  or  another  of  the 
European  Powers.  These  countries  may  be  divided  into  two  claMes— one  com- 
prising those  in  which  the  administration  is  of  direct  European  origin,  the  other 
including  those  in  which  popular  representation  effectively  throws  the  control  of 
affairs  into  the  hands  of  the  local  inhabitants.  If  we  accept  India  as  representing 
the  former  class,  and  the  Central  American  Republics  as  representing  the  latter, 
we  cannot  fiftil  to  be  impressed  bv  the  fact  that,  although  European  influence  in 
Central  America  antedates  British  influence  in  India  by  a  full  century,  the 
argument  on  the  facts  is  strongly  against  the  applicability  of  representative 
institutions  to  tropical  countries. 

Briefly  the  question  resolves  itself  into  one  of  climatic  discipline.  In  Europe 
the  extreme  range  of  temperature  demands  variety  of  clothing,  and  to  this 
necessity  we  may  attribute  the  growth  of  industry  in  early  times.  A  winter 
season,  during  which  food  cannot  be  obtained  directly  from  the  soil,  involved  an 
excess  of  labour  above  the  daily  need  during  the  season  of  crops,  and  from  this  we 
adduce  the  development  of  thrift  and  foresight.  To  these  two  factors,  and  to 
their  innumerable  and  fai^reachmg  corollaries,  must  be  attributed  the  general 
character  of  European  civilisation.  In  the  development  of  the  tropical  man 
neither  of  these  great  agencies  has  been  at  work,  nor,  except  in  a  few  special 
instances,  can  it  be  foreseen  that  they  will  come  into  operation. 

It  is  not  asserted  that  the  natives  of  the  tropics  are  necessarily  deficient  in  the 
intellectual  faculties.  To  propound  such  a  theory,  in  view  of  the  constant  and 
deserved  success  of  East  Indians  and  Negroes  in  our  Universities  and  at  the  Bar, 
would  merely  betray  colour  prejudice.  But  when  we  observe  the  tropical  man  as 
a  legislator  or  as  a  responsible  administrator  we  find  him,  with  very  few  excep- 
tions, to  be  utterly  unsuited  to  his  task.  I  think  that  the  available  facts  justify 
the  theory  that  the  climatic  conditions  of  the  tropics  have  set  an  insuperable 
barrier  to  the  advancement  of  tropical  peoples  in  the  direction  of  popular  govern- 
ment. It  seems  to  me  that  a  great  deal  of  futile  experimenting  would  be  saved  if 
we  accepted  the  principle  that  in  the  heat-belt  of  the  world  administrative  affairs 
must  rest  in  the  hands  of  specially  trained  Europeans,  guided  by  the  advice  of  a 
nominated  council  consisting  of  representatives  of  each  class  of  the  community. 

It  is  not  because  we  would  oppress  the  native,  but  because  we  would  save  him 
from  oppression  and  from  the  evil  effects  of  rash  and  ill-considered  legislation,  that 
we  would  take  the  administration  of  his  country  out  of  his  hands. 


6.  Itsmera/riea  in  Portuguese  Congo,    By  Rev.  Thomas  Lewis. 

The  ancient  kingdom  of  Kongo  discovered  in  the  fifteef  ith  century  is  so  little 
known  at  the  beginning  of  the  twentieth.  In  past  genemtioiis  the  Portuguese 
were  more  interested  in  their  island  plantations,  and  used  their  territories  on  the 
mainland  to  supply  them  with  slaves.  The  Government  of  to-day  shows  signs  of 
activity  in  opening  up  the  country,  and  have  established  three  military  and  fiscal 
stations  inland,  the  latest  on  the  Kwangu  River. 


Digitized  by 


Google 


718  REPORT— 1901. 

The  traveller  finds  the  river  banks  from  the  coast  to  Mo(]ui  sparsely  populated. 
Moqui  itself  is  very  unhealthy,  but  is  indispensable  as  the  principal  port  and  depot 
for  goods  into  the  interior.  From  here  he  starts  on  his  inland  joumej,  and  travels 
for  six  days  through  dreary  and  monotonous  country  to  S.  Salvador,  the  ancient 
capital  of  Kongo. 

Here  there  are  ruins  of  ancient  churches,  and  the  main  arch  of  the  cathedral 
is  in  a  good  8tat«  of  preservation,  the  only  monument  of  a  great  and  glorlouB 
past.    There  is  a  Portuguese  Resident,  two  trading  firms,  and  two  missioDS. 

Three  years  ago  the  writer  of  this  paper  was  requested  to  make  a  prospecting 

i'ourney  into  Zombo,  and  after  traversing  the  country  in  several  directions  esta- 
)lishe(i  a  mission  station  at  Kibokolo,  in  the  heart  of  Zombo. 

Travelling  east  from  S.  Salvador  he  ascended  the  plateau  at  Bangu,  where  the 
Mbrizi  River  falls  into  the  valley,  the  Arthington  Falls.  The  journey  proceeded 
eastward,  and  the  source  of  the  Mbrizi  was  noted.  The  Kwilu  River  also  rises 
on  this  plateau.  Two  days'  journey  takes  him  to  the  Lufunde  Valley,  the  high, 
precipitous  rocks  and  waterfalls  on  both  sides  of  which  are  very  picturesque.  The 
river  Lufunde  flows  into  the  Mbrizi  to  the  south-west. 

Climbing  the  hill  on  the  eastern  side  the  traveller  is  again  on  the  plateau,  and 
Kibokolo  is  a  populous  district  on  the  highland,  30,260  feet  above  the  sea. 

The  climate  is  much  better  on  the  plateau  than  in  the  swampy  lowlands,  and 
the  temperature  is  much  lower,  with  a  good  annual  fall  of  rain. 

The  soil  is  sandy  and  the  country  naturally  well  drained,  the  most  noticeable 
feature  being  the  abundance  of  water  in  sparkling  and  crystal  streams  and  the 
absence  of  swamps.  Hence  these  highlands  of  Zombo  are  much  healthier  for 
Europeans,  and  malarial  fevei  is  not  prevalent. 

The  flora  of  the  country  afibrds  a  splendid  field  for  botanists.  Many  parts  of 
Portuguese  Congo  are  sparsely  populated,  but  Zombo  is  an  exception,  being  very 
thickly  populated. 

When  slavery  and  native  wars  and  superstitions  are  done  away  with  the 
natives  of  Africa  will  rapidly  increase  in  number,  and  the  question  of  the  native 
races  will  be  the  most  difficult  of  African  proUems. 

The  development  of  the  country  must  oe  by  the  uplifting  of  the  natives.  New 
needs  and  new  tastes  must  be  cultivated,  so  that  the  natives  may  be  impelled  tc 
work  for  their  living. 

Here  Christian  missions  do  great  good  in  teaching  the  people  and  providing 
tl;em  with  vernacular  literature,  so  that  they  are  no  longer  satisfied  with  savage 
life.  Young  men  are  trained  as  carpenters,  stonemasons,  and  blacksmiths,  and  they 
employ  themselves  in  useful  work.  Thus  the  natives  take  their  position  as 
responsible  beings  in  the  progress  and  development  of  their  country. 


FRIDAY,  SEPTEMBMU  13. 

The  following  Papers  were  read : — 

1.  The  Effects  of  Vegetation  in  tJie  Valley  and  Plains  of  the  Clyde. 
By  G.  F.  Scott-Elliot,  M.A,,  B.Sc,  F.L.S.,  F.R.G.S. 

General  characters  of  the  valley  in  (l)  the  subalpine,  (2)  heather  and  peat, 
(3)  sheep  pasture,  and  (4)  arable  districts;  (6)  the  Falls  of  Clyde  or  canyon, 
(6)  the  valley  below  the  falls,  and  (7)  the  flat  alluvial  plains  about  Renfrew. 

Erosion, — The  effect  of  erosion  on  peat,  bare  arable  land,  and  permanent  pasture 
is  contrasted  with  a  view  to  showing  that  the  water  retained  in  peaty  soil,  the 
transpiration  amounts  of  living  plants,  as  well  as  the  vegetable  matter  produced, 
must  so  alter  the  character  and  amount  of  the  erosion  that  no  trustworthy  estimate 
can  be  formed  if  these  factors  are  disregarded. 

Slopes  or  sides  of  the  valley, — The  successive  stages  in  the  formation  of  the 
slope  are  traced  in  several  instances,  taken  from  the  Falls  of  Clyde  and  the 
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tributaries  Neihan  and  HarperagiU,  &c.  It  is  shown  that  a  perfect  aeries  of  transi- 
tions can  be  found  from  the  Tertical  cliff  or  scaur  left  by  the  river  to  the  continuous 
steep  slope,  which  is  characteristic  of  the  valley-eides  throughout  this  neighbour- 
hood. 

The  vegetation  is  shown  to  control  this  slope  formation  throughout.  The 
vegetation  covering  the  space  at  the  base  of  the  cliff  forms  very  rapidly. 
The  annual  formation  of  wood  and  other  tissues  is  shown  to  be  very  great  in  this 
sheltered  and  moist  situation  (as  compared  by  measurements  with  the  growth  of 
the  same  plants  in  more  exposed  positions).  Any  falls  from  above,  such  as  stones 
or  rock,  earth  and  vegetable  matter  washed  or  blown  down,  accumulate  at  the 
base  of  the  precipice  oi-  scaur,  and  are  at  once  covered  over  by  tbe  vegetation.  Thus 
a  steep  sloping  surface  is  formed  which  gradually  extends  up  the  side  of  the  cliff 
until  eventually  the  characteristic  V-shape  of  the  ravines  is  produced. 

Measurements  showing  the  average  slopes  in  at  least  four  separate  ravinen 
were  given. 

The  undermining  of  the  rock  below  the  fringe  of  vegetation  is  shown  in  some 
cases  to  result  in  a  slope  which  eventually  unites  with  the  accumulation  from  below 
to  form  the  characteristic  angle  of  inclination. 

The  character  of  th^  vegetation  of  course  alters  greatly  the  tenacity  of  tbe 
covering  formed  by  it.  Thus  trees  form  an  exceedingly  strong  network  of  roots, 
as  is  shown  by  the  example  at  Kenmuir,  where  landshps  affecting  the  whole  face 
of  the  slope  have  appeared  through  the  original  trees  having  been  destroyed. 

An  attempt  was  made  to  give  messurements  of  the  average  tenacity  of  the 
vegetation  crust  in  a  few  cases,  profided  the  practical  difficulties  can  be  overcome 
in  time. 

Holmlands  or  flats  or  valley  floors, — Character,  value,  and  constitution  of  the 
holms  at  different  points  of  the  Clyde  contrasted,  and  their  differences  shown  to 
depend  on  the  mixtures  of  soils  aud  proportions  of  organic  material.  The  formation 
of  these  flat  lands  is  shown  to  depend  chiefly  on  the  work  of  certain  marsh  plants, 
of  which  Scirptis  lacustris,  VhragmiteSj  Vaucheria^  Foafltdtans^  and  various  sedges 
are  the  most  important.  The  difficulty  of  tracing  their  action  arises  from  the 
extent  to  which  draining  has  been  carried  on,  but  observations  are  given  illustrating]^ 
the  species  mentioned,  and  showing  that  the  amount  produced  in  a  single  year  ib 
by  no  means  an  inconsiderable  Quantity. 

Shingle  beds. — The  shingle  beds  and  the  manner  in  which  they  are  covered  by 
vegetation  is  also  discussed  shortly. 

An  attempt  is  made  to  show  on  the  map  tbe  approximate  boundary  of  what 
was  at  one  titne  river  and  estuarine  marshes.  The  (fifficulty  of  deciding  upon  the 
exact  boundary  line  is  shown  to  depend  upon  the  amount  of  boulder  clay  and  drift 
which  closely  resembles  the  ordinary  alluvium.  If  time  is  leffc,  an  attempt  will  be 
made  to  compare  the  alluvial  formations  of  other  countries  with  those  of  the 
Clyde. 


2.  Tlie  Scottish  Natural  History  Society^ s  Scheme  for  the  Investigation  of  the 
Forth  Valley.    By  Marion  Newbigik,  D.Sc. 

The  paper  gives  an  account  of  a  scheme  which  has  been  undertaken  by  the 
Scottish  Natural  History  Society  at  the  suggestion  of  Sir  John  Murray.  It  is 
proposed,  first,  to  arrange,  in  a  readily  available  form,  references  to  papers  already 
published  on  the  natural  history  of  the  Forth  Valley,  including  its  botany,  zoo- 
logy, and  geology  ;  secondlv,  the  Society  proposes  to  utilise  its  various  sections  aud 
tbe  labours  of  its  individual  members  in  the  acquisition  of  a  mass  of  detail  in  regard 
to  the  existing  organic  conditions  in  the  valley  of  the  Forth,  with  the  primary  object 
of  providing  a  basis  of  fact  upon  which  conclusions  may  be  later  established,  although 
the  opportunities  of  the  work  as  a  means  of  training  observers  will  not  be  lost 
sight  of.  It  is  hoped  that  the  work  may  be  carried  out  in  such  a  way  that  the 
conditions  of  existence  of  the  most  important  organisms  within  the  area  may  be 
readily  ascertained  by  reference  to  the  Society's  records. 
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3.  Metliods  and  Objects  of  a  Botanical  Survey  of  Scotland, 
By  W.  G.  SifliTH,  B.Sc.,  Ph.D.,  Leeds. 

The  botanical  survey  now  under  consideration  was  initiated  by  Robert  Smith, 
of  Dundee,  and  was  drawn  up  in  co^eration  with  a  survey  of  France  on  similar 
lines,  the  project  of  Professor  Ch.  Hahault,  of  MontpeUier.  According  to  this 
method  the  vegetation  of  any  area  is  regarded  as  consisting  of  a  collection  of  plant- 
associations  the  distribution  and  extent  of  which  are  indicated  on  standard  maps 
by  distinctive  colours.  Each  association  of  plants  is  adapted  to  certain  oondltions 
of  food-supply,  heat,  light,  moisture,  &c.,  and  one  of  the  objects  of  die  survey  is  to 
obtain  fuller  information  on  these  life-conditions  of  plants. 

Each  plant-association  consists  of  a  variable  number  of  species,  which  may  be 
arranged  thus : 

(a)  One  or  more  dominant  social  (gregarious)  species :  these  are  used  to  name 
the  association,  e.g.,  oak,  beech,  pine,  heather,  &c. 

(hi)  Secondaiy  social  species  struggling  for  dominance. 

(o)  Dependent  species  protected  by  the  dominant  forms  or  more  oi  less  de- 
pendent on  them  for  food,  &c. 

A  feature  of  the  survey  is  the  collection  of  field-notes  and  lists  of  spedea  in 
order  to  amplify  our  knowledge  of  plant-associations  and  species  included  in  each. 

In  Scotland  the  following  have  been  found  to  be  the  most  suitable  associations 
for  recording,  and  they  are  equally  applicable  to  a  botanical  survey  in  progress  in 
various  parts  of  England  :-»- 

I.  Maritime  and  littoral  group  of  associations. 

II.  Agrarian  group. 

(a)  Cultivation :  (1)  with  rotations  including  wheat— upper  limits,  600 

to  COO  feet ;  (2)  without  wheat — up  to  limits  of  cultivation,  1,000  to 

1,250  feet. 
ib)  Woods  of  deciduous  trees:  (1)  mixed  deciduous  woods  with  beech, 

oak,  &c. — upner  limits,  700  to  1,000  feet;  (2)  oak  woods  without 

beech — upper  limits,  1,000  feet. 

III.  Sub-alpme  group  (1,000  to  2,000  feet). 

(a)  Woods:  (1)  Scots  pine  or  mixed  conifers — upper  limits,  1,260  \o 

1,800  feet;    (2)    larch  woods— upper  limits,  1,300  to  1,800  feet; 

(3)  birch  woods— upper  limits,  1,600  to  2,000  feet. 
{hi)  Hill  pasture  and  moorland:   (1)  grass  hill   pasture  associations; 

(2)  heather  associations ;  (3)  cotton-grass  and  heather  associations  on 

peat-bog. 

IV.  Alpine  group  (2,000  to  4,000  feet). 

(1)  Heather  associations,  up  to  3,100  feet. 

(2)  Bilberry  (  Vaccinium  myrtillud)  association,  up  to  3,600  feet, 
^3^  Alpine  pasture  associations. 

(4)  Alpine  plateau  with  mosses,  lichens,  &c. 
(6)  Alpine  crags. 

4.  Notes  on  Argentine  Anthropo-geography, 
By  F.  P.  Moreno,  Director  of  the  La  Plata  Museum. 

The  paper  gives  an  account  of  the  distribution  of  the  extinct  and  existing 
human  races  in  the  Argentine  Republic* 

There  are  in  Argentina  the  remains  of  men  who  lived  before  the  continent 
had  acquired  its  present  relief  and  contour.  Afterwards  these  men,  developing, 
commenced  their  migrations,  while  another  race  appeared  in  the  regions  of  the 
West  at  the  end  of  the  Glacial  epoch,  and  the  ancient  people  were  pushed  to  the 
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South,  where  to-day  we  meet  their  descendants ;  and  amongst  them  we  note  an 
extraordinary  variety  of  types  observed  in  no  other  country  in  the  world,  Man 
livfd  in  caves  with  extinct  mammals  as  man  lived  in  European  caves  of  the 
Pleistocene  period,  and  other  people  migrated  from  the  northern  extremity  of  the 
American  continent.  We  find  Polynesian  anthropological  elements  mixed  with 
the  Patagoniauy  Polynesian  culture  among  Calcluu}ui  and  old  Peruvian  culture. 
Advancing  in  time,  we  find  a  complicated  civilisation  which  it  is  impossible  to 
ally  with  any  known  type,  vet  presenting  an  astonishing  similarity  in  some 
respects  with  that  of  people  who  lived  in  the  same  latitude  in  the  northern  hemi- 
sphere and  in  lands  of  similar  physical  conditions.  There  is  a  remarkable  analogy 
between  the  petrographs  extencung  from  Arizona  to  Patafi^onia,  on  both  sides 
of  the  Andes,  and  between  their  industrial  arts  and  myths.  In  intermediate 
countries  there  are  identical  analogies  with  races  of  the  South  and  of  the  East. 
In  Bolivia  the  ruins  of  Tiahuanaco  and  other  similar  ruins  have  no  antecedents ; 
the  people  to  which  they  are  referred,  the  one  that  used  the  macrocephalic  defor* 
mation,  has  its  representatives  from  Vancouver  to  Patagonia  j  in  the  old  Peruvian 
pottery  the  human  types  are  not  all  those  of  the  natives  of  to-day,  but  those  of 
Patagonia,  Tierra  del  P'uego,  and  Chile ;  in  this  pottery  Mexican  types  appear 
represented  as  prisoners ;  several  small  artistic  terra-cottas,  so  common  in  the  old 
Mexican  towns,  have  been  discovered  in  the  pampas  of  Buenos  Aires ;  while  other 
Mexican  objects  are  the  same  as  some  of  Calchaqui.  Calchaqui  remains  extended 
from  the  Atlantic  to  the  Pacific,  and  from  Patagonia  to  Peru  an  inter- An  dean 
trade  has  existed  in  remote  epochs  showins^  the  enterprise  of  the  peoples  which 
maintained  such  relations  across  so  great  a  barrier.  When  we  remember  all  these 
fiicts,  we  cannot  but  believe  that  man  in  South  America  has  had  a  very  long 
existence,  and  that  intercontinental,  and  even  interoceanic,  conununications  have 
been  maintained  from  the  prehistoric  times  until  the  day  when  the  Spanish 
conquistadors  continued  the  work  of  the  wild  tribes  in  destroying  the  older 
civilisation. 

But  who  are  the  Onas,  the  Tehuelches,  the  Gennakens,  the  Araucanians,  the 
Misiones,  and  Ohaco  tribes,  the  Oalchaquis  P  It  is  impossible  to  answer  these 
questions  at  present.  The  importance  of  these  investigations  has  been  indicated  in 
the  hope  that  it  may  conduce  to  the  solution  of  these  problems,  but  the  author 
thinks  that  we  are  already  in  presence  of  the  elements  wnich  formed  the  old  and 
lost  civilisation,  the  ruins  of  which  are  spread  over  the  whole  continent  of  South 
America.  The  anthropologist  treating  of  North  America  only,  and  ignoring  what 
can  be  seen  in  South  America,  supposes  that  the  latter  continent  was  peomed  by 
the  races  of  the  former,  and  that  the  ancestors  of  the  Pueblos  were  also  the 
founders  of  the  old  civilisations  of  Peru  and  Bolivia ;  but  probably  the  South 
American  origins  are  the  older,  and  there  is  ample  evidence  in  support  of  this 
contention.  Palseontolo^  has  demonstrated  that  the  Pampean  mammals  migrated 
from  the  South  to  Mexico  and  the  United  States,  and  it  is  not  impossihle  that 
men  may  have  taken  the  northward  route.  It  is  true  that  the  Mastodon  is  both 
a  European  and  North  American  mammal,  but  it  is  not  to  be  forgotten  that  if« 
remains  are  also  abundant  in  South  America,  in  beds  of  the  same  age  as,  or  older 
than,  those  of  North  America  and  Europe. 


5.  Some  Explorations  of  Andean  Lakes.    J?^  Hesketh  Prichard. 

Itinerary  of  expedition — The  Pampas — Difficulties  of  transport — ^Arrival  at 
Colohuapi — The  Tehuelche  Indians — ^Their  appearance  and  method  of  life— Lago 
Buenos  Aires — Santa  Cruz — Following  Darwin's  route — Arrival  at  Lago  Argen- 
tino — first  down-stream  navigation  of  the  Rio  Leona — ^Exploration  of  Lago 
Argentino — The  Forests— Discovery  of  a  new  lake^ — Homewara. 


6.  M,  Elis^  Reclv^  Ma/p  on  Natvral  Curvature.    By  M.  Reclus-Guton 
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SATURDAY,   SEPTEMBER  14. 

The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  16. 
The  following  Papers  and  Eeports  were  read : — 

1.  The  Belgian  ScierUifio  Expedition  qfKa-Tanga,^ 
By  Captain  Lehaire. 

The  duty  of  a  scientific  exploring  expedition  is  to  study  in  all  its  aspects  the 
object  which  has  been  assigned  to  it,  and  not  to  concern  itself  with  affairs. 

The  scientific  apparatus  and  equipment  of  the  expedition  were  enumerated. 

The  European  staff  of  the  expedition;  loss  of  two  of  their  number  who  were 
drowned  in  Tanganyika ;  their  replacement  by  others. 

Work  of  the  ExpedtUm, 
Cartography,— ^fi(iO  kilometres  of  itinerary  mapped  on  a  large  scale ;  map  of 
1  :  1,000.000  in  four  colours,  contaming  196  sUtions  determined  by  astronomical 
observation. 

Terrestrial  Afaffnetiem,--ll7  stations  determmed  by  the  three  magnetic  com- 
ponents. 

-4fotW<ry.— Remarks  upon  the  establishment  of  a  single  table  for  the  deter- 
mioation  of  altitudes  in  equatorial  Africa  by  a  single  reading  of  the  barometer  and 
the  thermometer,  without  the  knowledge  of  these  data  for  the  same  moment  at  a 
point  of  comparison.    Altitude  of  Tanganyika ;  the  greatest  altitudes  noted. 

Meteorology. — Four  stations  for  observation  were  at  work  from  August  1808 
to  August  1900,  furnishing  data  relatmg  to  temperature,  atmospheric  pressure, 
moisture,  evaporation,  duration  of  insolation,  radiation  from  the  earth,  atmocrpheric 
precipitations,  the  nature  and  direction  of  clouds  and  winds,  the  transparency  of 
the  air,  &c.    Certain  remarkable  phenomena. 

G^tfo^.— The  geologist  and  the  prospector  of  our  expedition  have  drawn  up 
detailed  reports,  accompanied  by  maps  and  geological  sections.  Forty  oases  of 
mineralogical  specimens  were  collected. 

Fauna  and  Flora,— An  herbarium  was  collected :  100  coloured  plates  have 
been  prepared ;  ten  cases  of  specimens  were  brought  back.  A  rapid  glance  over 
the  economic  fauna  and  flora  of  the  country  traversed. 

Ethnography. — Anthropometric  determinations ;  ten  cases  of  collections. 

F/wtograph^  and  Fainting, — 350  photographs ;  290  canvasses,  water  colours, 
and  sketches. 

Occupation  of  the  Country  by  Europeani.—VteaoTiptlon  of  the  plateaux  of  high 
altitude,  1,790  to  1,900  metres;  food-products:  European  potatoes,  wheat,  Euro- 
pean vegetables,  fruits,  rice,  &c. ;  domestic  animals,  both  large  and  small,  uninjured 
by  the  tsS-tsS ;  the  White  Fathers  of  Tanganyika  and  their  admirable  work ;  the 
steamers  on  Tanganyika  and  Mo^ro ;  our  meeting  with  Major  Gibbons ;  Anglo- 
Belgian  relations.  

2.  Report  on  Terrestrial  Surface  TTows.— See  Reports,  p.  398. 


3.  The  Mea/n  Temperatv/re  of  the  Atmosphere  andtfie  Causes  of 
Glaoial  Feriods.    By  H.  N.  Dickson,  B.Se, 

If  we  suppose  that  secular  variations  of  climate  in  the  past  have  been  due  to 
changes  in  tne  mean  temperature  of  the  atmosphere,  it  is  most  probabla  that  such 

>  Published  in  the  Scottish  Oeographicdl  Magazine^  October  1901. 
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changes  have  been  accompanied  by  large  relative  alterations  in  tbo  gradient  of 
temperature  between  the  equator  and  the  poles.  But  this  difference  of  temperature 
is  the  primary  cause  of  the  whole  planetary  circulation  of  the  atmosphere,  the 
form  and  intensity  of  which  must  have  varied  with  it,  both  absolutely  and  rela- 
tively to  the  modifications  produced  at  the  earth's  surface  by  the  distribution  of 
land  and  sea.  The  general  conditions  lead  to  the  conclusion  that  a  lowering  of 
mean  temperature  would  be  accompanied  by  an  increase  of  the  equator-poleward 
gradient,  and  a  rise  by  a  diminution  of  it.  Ferrel's  theory  of  atmospheric  circu- 
lation would  then  suggest  that  in  the  former  case  the  planetarj^  circulation  would 
become  more  active,  the  tropical  high  pressure  belts  would  be  displaced  to  lower 
latitudes,  and  the  modifying  influence  of  great  continental  areas  would  be  rela- 
tively diminished  ;  while  in  the  latter  case  the  circulation  would  be  less  energetic, 
the  tropical  belts  would  be  farther  from  the  equator,  and  the  contrast  between 
oceanic  and  continental  climates  would  be  more  sharply  defined. 

The  probable  effects  of  such  changes  on  the  distribution  of  precipitation,  and 
especially  on  the  position  and  direction  of  the  great  cyclone  tracks,  are  examined, 
and  it  is  suggested  that  the  greater  proportion  of  rainfall  received  with  easterly 
winds  on  the  polar  sides  of  cyclones,  in  lower  latitudes  than  at  present,  may  ex- 
plain some  peculiar  features  of  glacial  phenomena.  In  any  case,  the  aspects  of  the 
problem  to  which  attention  is  drawn  deserve  fuller  recognition  than  they  have 
received ;  they  indicate  that  the  variations  of  temperature  required  to  account  for 
climatic  changes  are  of  smaller  range  than  has  been  supposed,  and  they  m&y,  by  the 
exclusion  of  some  surviving  theories,  assist  in  determining  the  true  cause. 


4.  Report  on  a  Survey  of  British  Protectorates, — See  Reports,  p.  396. 


5.  Northern  Ontario  :  Its  Geography  and  Resou/rces,  By  Robbrt  Bell, 
if.i).,  D,Sc,y  LL,D,,  F.R.S,,  Director  of  tlie  Geological  Survey  of 
Canada, 

Northern  Ontario,  now  also  called  New  Ontario,  comprises  more  than  half  of 
the  whole  province,  or  all  that  portion  lying  north-west  of  the  line  of  Lake  Nipis- 
'sing  and  the  French  River.  It  has  a  length  of  fully  800  miles  from  Mattawa,  on 
the  Ottawa,  to  the  eastern  line  of  Manitoba,  near  the  junction  of  the  Winnipeg 
and  English  Rivers,  and  a  breadth  of  400  miles  from  the  outlet  of  Lake  Superior 
to  its  most  northern  part,  which  is  at  the  mouth  of  the  Albany  River  on  James 
Bay.  The  eastern  boundary,  which  follows  the  Ottawa  River  and  the  meridian 
line  from  Lake  Temiscaming,  on  that  stream  to  James  Bay,  is  also  nearly  400  miles 
in  length ;  but  the  western  half  of  the  region  has  an  average  breadth  of  only  200 
miles.  Taking  the  eastern  boundary  as  a  base,  Northern  Ontario  is  roughly  tri- 
angular in  form,  the  apex  being  at  the  western  extremity.  The  southern  boundarv 
is  formed  by  Lakes  Huron  and  Superior  and  the  northern  line  of  the  State  of 
Minnesota,  while  the  northern  boundary  is  defined  by  the  English  and  Albany 
Rivers  and  part  of  the  shore  of  James  Bay.  The  last-named  circumstance  gives 
Ontario  a  claim  to  be  considered  a  maritime  province,  with  a  seaport  at  Moose 
Factory  and  possibly  others  at  Fort  Albany  and  Hannah  Bay.  The  total  area  of 
Northern  Ontario  is  estimated  at  72,000,000  acres,  or  about  one  and  one-third  times 
that  of  Southern  Ontario.  Its  position  lies  between  lat.  48°  N.  and  lat.  52®  N.,  and 
the  climate  is  about  normal  for  those  degrees  of  latitude.  The  paper  gives  a 
general  geographical  description  of  the  relief,  geology,  and  hydrography  of  Northern 
Ontario,  and  deals  especially  with  its  resources  in  the  way  of  minerals,  agricultural 
land,  fisheries,  and  forests. 

The  principal  rivers  and  lakes  of  what  is  now  Northern  Ontario  were  surveyed 
topographically  and  geologically  by  myself  in  the  thirty-one  years  from  1869  to  1900 
inclusive,  and  they  have  been  described  in  various  summary  and  detailed  reports  of  the 
Geological  Survey.  Maps  have  been  published  showing  Lake  Nipigon,  the  country 
around  Thunder  Bay,  the  whole  of  the  basin  of  Moose  River,  the  Sudbury  district, 
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and  the  region  around  Frencli  Hiver.  The  map3  resulting  from  many  of  my  sur* 
veys  have  not  yet  been  published,  although  on  file  in  the  office  of  the  Geological 
Survey,  and  accessible  to  anyone  requiring  them.  In  1900  the  Government  of 
Ontano  sent  out  ten  surveyors,  in  charge  of  an  equal  number  of  parties,  to  inspect 
Northern  Ontario.  The  reports  of  these  surveyors  and  explorers,  recently  pub- 
lished in  one  volume,  amply  confirm  all  that  I  have  said  during  the  last  thirty 
years,  in  the  Geological  Survey  reports  and  elsewhere,  in  regard  to  the  *  N«w 
Ontario.'  A  small-scale  map,  compiled  from  the  most  recent  surveys  and  explora* 
tions,  accompanies  the  paper. 

6.  On  the  Systematic  Exploration  of  tJte  Atmospliere  at  Sea  by  mean»  of 
Kites,  By  A.  Lawrence  Rotch,  Director  of  Bhie  Hill  Meteorological 
Observatory  (Massachusetts,  U.S. A,)  and  American  Member  of  tJie 
International  Aeronautical  Committee, 

It  is  appropriate  that  this  paper  should  be  presented  at  Glasgow,  since  it  was 
here  that  Dr.  Alexander  Wilson  first  used  kites  for  meteorologiod  observations  in 
1749.' 

Kite-flying  with  continuously  recording  instruments  was  originated  at  Blue 
Hill  in  1894,  and  the  progress  of  the  work  is  set  forth  in  five  annual  reports  ©re- 
sented to  Section  A  of  this  Association.  Although  the  meteorolo^cal  conditions 
up  to  a  height  of  three  miles  above  this  region  have  been  ascertaued  by  several 
hundred  kite-flights,  yet  since  wind  of  at  least  twelve  miles  an  hour  is  required, 
certain  types  of  weather — notably  the  anticyclonic — can  rarely  be  studied. 

The  method  proposed  not  only  permits  kites  to  be  flown  in  calm  weather,  but 
enables  data  to  be  obtained  a  mile  or  two  above  the  oceans,  where  no  observations 
have  been  possible  hitherto.  The  method  consists  in  installing  the  kites  and  ap- 
paratus on  Doard  a  steamship,  which,  when  travelling  through  calm  air  at  a  speed 
of  ten  or  twelve  knot«  per  hour,  enables  the  kites  and  instruments  to  be  raisei  to 
the  height  that  can  be  reached  in  the  most  favourable  wind.  Should  the  wind  be 
too  strong,  its  force  may  be  moderated  by  steaminj^  with  it.  In  this  way  the  kites 
can  be  flown  at  all  times  and  in  the  equatorial  regions,  where  a  knowledge  of  the 
conditions  of  the  upper  atmosphere  is  needed  to  complete  our  theories  of  the 
atmospheric  circulation. 

The  use  of  kites  to  the  best  advantage  requires  a  vessel  that  can  be  manoeuvred 
at  will,  and  therefore  experiments  were  made  in  Massachusetts  Bay  on  a  tug 
having  a  maximum  speed  of  ten  miles  an  hour.  Although  the  wind  blew  only 
six  to  ten  miles  an  hour,  and  at  no  time  was  strong  enou^  to  lift  the  kites,  yet  by 
steaming  towards  it  within  45^  of  its  mean  direction,  the  meteorograph  was  raised 
to  a  height  of  half  a  mile.  The  ease  with  which  the  kites  were  launched  and  the 
steadiness  with  which  they  flew  in  the  uniform  artificial  vrind  were  noticeable.  A 
trial  of  the  kites  was  next  made  upon  a  passenger  steamer  crossing  the  North 
Atlantic  in  order  to  ascertain  whether  it  was  possible  to  obtain  in  this  wav  meteoro- 
logical data  frequently  during  the  voyage.  Flights  were  made  on  five  days,  when 
although  the  winds  accompanying  an  anticyclone  were  too  light  to  lift  the 
kites,  the  artificial  wind,  caused  by  the  eastward  motion  of  the  vessel  at  a  speed  of 
16  knots,  sufficed  to  carry  the  kites  and  meteorograph  to  a  maximum  height  of 
one-third  of  a  mile.  Had  it  been  possible  to  alter  the  course  of  the  vessel  the  kites 
could  have  been  flown  every  day.  The  kite  records  obtained  in  this  anticyclone^ 
in  connection  with  wmilar  ones  on  deck,  show  abnormal  changes  of  temperature 
with  altitude  above  the  ocean,  great  fluctuations  in  relative  humidity,  ami  slight 
variations  in  wind  velocity.  A  series  of  such  flights  on  successive  voyages  would 
disclose  any  difference  in  the  vertical  distribution  of  the  meteorologictu  elements 
above  the  ocean  as  compared  with  that  over  the  land,  and  in  weather  condi- 
tions like  the  above  woula  fumbh  data  for  the  upper  air  that  cannot  be  obtained 
with  kites  at  a  fixed  sUtion. 

>  Trans.  Roy.  Soe.  Edinburgh,  vol.  x.  part  ii.  pp.  284-286. 

Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION  E.  725 


7.  Report  on  Changes  of  the  Land-level  qftlie  Phlegrcean  Fields, 
See  Reports,  p.  382. 


TUESDAY,  SEPTEMBER  17. 
The  following  Papers  were  read : — 

1.   Weather  Maps.     By  W.  N.  Shaw,  F.E.S. 

The  author  exhibited  a  set  of  specimens  of  the  daily  weather  reports  issued  by 
different  European  and  extra-European  countries  in  1901,  The  maps  of  the 
following  countries  were  shown : — 


EUBOPBAN. 

,  EXTEA-EuROrE  AN. 

Austria. 

Algeria. 

Bavaria. 

Australasia. 

Belgium. 

Canada. 

British  Isles. 

India. 

Denmark. 

„      Bay  of  Bengal. 

France. 

Japan. 

Germany. 
Holland. 

Mexico. 

United  States. 

Italy. 

Portugal. 

Houmania. 

Russia. 

Saxony. 

Spain. 

Switzerland. 

2.  The  Naiional  Antarctic  Expedition,    By  Dr.  J.  Scott  Keltie. 


3.   With  tlie  'Discovery'  to  Madeira,    By  Dr.  H.  R,  Mill,  F,R.S,E. 


4.  The  Methods  and  Plans  of  the  Scottish  National  Antarctic  Expedition. 

By  W.  S.  Bruce. 


5.  The  Experimental  Demonstration  of  the  Curvature  of  the  EartKs  Surface, 
By  H.  Yule  Oldham,  M,A. 

In  1870  Dr.  A.  R.  Wallace  performed  his  well-known  Bedford  Level 
experiment.  In  the  summers  of  1900  and  1901  a  series  of  similar  experiments  was 
made  with  the  special  object  of  obtaining  photographic  records  of  the  same.  The 
Bedford  Level  is  a  portion  of  the  Fens  north  of  Ely,  through  which  in  the 
seventeenth  century  two  great  canals  were  made,  shortening  the  course  of  the 
^  Ouse.  Of  these,  one,  the  !New  Bedford  river,  is  tidal ;  the  other,  the  old  Bedford 
river,  has  locks  at  each  end,  and  presents  long,  straight  stretches  of  water  without 
current  or  tide.    The  six'-mile  stretch  of  the  old  Bedford  river  between  Welney 

1901.  3  B 
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and  Denver  waa  selected,  as  it  is  perfectly  straight,  has  a  bridge  at  each  end,  bnt 
none  in  between.  The  height  of  the  parapet  of  Welney  bridge  above  the  water 
level  was  measured,  a  mark  was  set  up  on  Denver  bridge  at  the  same  height  abore 
the  water-level,  and  midway — three  miles  from  each  end — a  mark  was  set  up  on  a 
polo  at  the  same  height  above  the  water-level.  A  telescope  was  then  directed 
Irom  the  parapet  of  Welney  bridge  to  the  mark  on  Denver  Dridge,  and  the  middle 
mark  was  seen  to  stand  up  about  six  feet  above  the  line  of  sight,  agreeing  with  the 
effect  calculated  to  be  produced  by  the  curvature  of  the  earth*8  surface. 


6.  Travels  in  China.     By  R.  Logan  Jack,  LL.D,,  F,R,G,S. 

The  party,  consisting,  besides  the  writer,  of  his  son  R.  Lockhart  Jack  and  Mr. 
J.  F.  Morris,  employed  by  an  English  capitalist  who  had  obtained  mining  conces- 
sions in  Szechuan,  left  Shanghai  on  January  4, 1900. 

Having  reached  Ichang  (1,000  miles)  by  steamers  up  the  Yangtse,  a  houseboat 
was  chartered  by  which  the  party  made  the  voyage  to  Chung  King,  a  further  dis- 
tance of  392  miles. 

An  overland  journey  of  209  miles  was  then  made  to  Chengtu,  the  capital  of 
Szechuan,  via  the  coal  mines  of  Lung  Chang  and  the  brine  wells  of  Nei-Kiang- 
Hsien. 

The  party  had  occasion  to  cross  five  times  the  Chengtu  Plain,  whose  fertility, 
enhanced  by  a  perfect  system  of  irrigation,  enables  it  to  support  four  million  in- 
habitants. They  visited  and  mapped  the  valley  of  Tung-ling-tse,  where  copper 
mines  are  worked  by  the  Chinese,  and  made  a  *  loop-cast '  of  007  miles  to  the 
'Northern  Alps,*  at  first  through  a  large  tract  of  undescribed  country  and  after- 
vards  over  Gill's  route  of  1877,  via  Lung-an  and  Sungpan. 

Leaving  Chengtu  on  June  19,  this  time  accompanied  by  Mr.  Herbert  Way, 
who  represented  an  English  companv,  the  party  travelled  by  road  (350  miles)  to 
the  Maha  Gold  Mines,  which  overlook  the  left  bank  of  the  Ya-lung  River.  Here 
their  stay  was  cut  phort  by  long-delayed  communications  from  Chung  King 
relating  the  capture  of  the  Taku  forts,  the  tragedies  of  Tientsin,  and  the  supposed 
massacre  of  all  foreigners  at  Pekin.  The  British  Consul  at  Chung  King  *  most 
strongly  advised  *  the  party  to  make  for  Burma. 

An  attempt  was  made  to  reach  Kampti,  on  the  Upper  Irrawadi,  by  the  route 
followed  by  Prince  Henri  of  Orleans,  and  the  party  got  as  far  as  Hsiao  Wei-si,  on 
the  Mekong,  where  a  French  missionary  related  some  of  Prince  Henri's  experi- 
ences and  demonstrated  the  uselessness  of  the  attempt  so  late  in  the  season. 
It  was  judged  imprudent  to  run  such  risks.  Nine  days  after  leaving  Maha  the 
party  were  the  guests  of  a  Lolo  chieftain,  the  Toussa  of  Kwa-pit.  Between  the 
Yangtse  and  the  Mekong  extra  precautions  had  to  be  taken  in  crossing  a  pass 
infested  by  robbers  armed  with  crossbows  and  poisoned  arrows. 

Very  unwillingly,  the  party,  whose  leading  idea  was  to  keep  as  much  as 
possible  among  the  Lolo  aborigines  and  half-Tibetan  Sifan  tribes,  retraced  their 
steps,  and  leaving  the  Yangtse  at  Shi-Ku  made  for  Sin  Kai  or  Bhamo,  a  route 
which  brought  them  again  into  contact  with  the  Chinese,  They  crossed  the 
Mekong  and  Salwen  Rivers,  and  finally  reached  Bhamo,  in  Upper  Burma,  on 
October  21,  after  overcoming  many  obstacles.  At  Yung-chang  further  progress 
seemed  to  be  barred  by  the  refusal  of  the  Carriers'  Union  to  transport  the  oaggage 
of  foreigners,  and  the  tales  which  the  coolies  had  been  told  of  the  terrors  of  the 
*  fever  valley '  (Salwen)  had  so  demoralised  them  that  they  were  with  difficulty 
prevented  from  deserting  in  a  body. 

Interesting  observations  were  made  on  the  Lolos  and  Sifans,  as  well  as  on  the 
Shan  tribes  of  the  Tai-ping  Valley  and  the  Katchins  of  the  mountiun  regions  on 
the  border  of  Burma.  The  distance  from  Maha  to  Myothet*  on  the  Lrrawadi,  was 
estimated  at  874  miles. 

The  journey  afforded  opportunities  of  mapping,  to  some  extent,  the  margin  of 
the  Chengtu  Plain  and  the  rivers  which  fall  into  it  from  the  north.  Portions  of 
the  courses  of  the  Ya-lung  and  Yangtse,  near  Kwarpit  and  li-Kiang  respectively. 


Digitized  by 


Google 


TKANSACTIONS   OF  SECTION  E.  727 

were  also  laid  down  with  more  definiteness  than  had  previously  been  attained. 
These  rivers  both  make  remarkable  bends  which  are  not  given  in  any  European 
map. 

A  number  of  views,  by  Mr.  R.  Lockhart  Jack  and  others,  illustrative  of  the 
journey  were  exhibited  by  the  aid  of  the  lantern. 


7.  The  Crux  of  the  Ujyper  Yangtae,    By  Archibald  Little. 


8.  The  Representation  of  the  Heavens  in  the  Study  of  Cosmography, 
By  A.  Galeron. 


8  B  2 
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Section  F.-~EC0N0MIC  SCIENCE  AND  STATISTICS. 
Pebsident  op  the  SECTiON^Sir  Robert  Gipfew,  K.C  B.,  F.11.S. 


THURSDAY,  SEPTEMBER  12. 

The  President  delivered  the  following  Address : — 

The  Importance  of  General  Statistical  Ideas, 

J  TRUST  you  will  excuse  me,  on  an  occasion  like  the  present,  for  returning  to  a 
topic  which  I  have  discussed  more  than  once — the  utility  of  common  statistics. 
A\  hile  we  are  indebted  for  much  of  our  statistical  knowledge  to  elaborate  special 
inquiries  such  a3  were  made  by  Mr.  Jevons  on  prices  and  the  currency,  or  have 
lately  been  made  by  Mr.  Booth  into  the  condition  of  the  London  poor,  we  are 
indebted  for  other  knowledge  to  continuous  official  and  unofficial  records,  which 
keep  us  posted  up  to  date  as  to  certain  facts  of  current  life  and  business,  without 
which  public  men  and  men  of  business,  in  the  dady  concerns  of  life,  would  be  very 
much  at  a  loss.  What  seems  to  me  always  most  desirable  to  understand  is  the 
importance  of  some  of  the  ideas  to  be  derived  from  tbe  most  common  statistics  of 
•the  latter  kind — the  regular  records  of  statistical  facts  which  modem  societies 
have  instituted,  especially  the  records  of  the  census,  which  have  now  existed  for  a 
century  in  most  European  countries  and  among  peoples  of  European  origin. 
Political  ideas  and  speculation  are  necessarily  coloured  by  ideas  originating  in 
such  records,  and  political  action,  internationally  and  otherwise,  would  be  all  the 
wiser  if  the  records  were  more  carefully  observed  than  they  are,  and  the  lessons  to 
be  derived  widely  appreciated  and  understood. 

I  propose  now  to  refer  briefly  to  one  or  two  of  these  ideas  which  were  taken 
up  and  discussed  on  former  occasions,^  and  to  illustrate  the  matter  farther  by  a 
reference  to  one  or  two  additional  topics  suggested  in  the  same  manner,  and  more 
particularly  by  the  results  of  the  last  census  investigations,  which  complete  in  this 
respect  the  record  of  what  may  be  called  the  statistical  century  ^ar  exceUence — 
the  century  which  has  just  closed. 

Increase  of  European  Population  during  last  Century, 

The  first  broad  fact  then  of  this  kind,  which  I  have  discussed  on  former  occa- 
sions, is  the  enormous  increase  of  the  population  of  European  countries  and  of 
peoples  of  European  origin  during  the  century  just  passed,  especially  the  increaae 
of  the  English  people  and  of  the  United  States,  along  with  the  comparative 
stationariness  of  the  population  of  one  or  two  of  the  countriea,  particularly  France, 
at  the  same  time.  The  growth  all  round  is  from  about  170  millions  at  the  begin- 
ning of  the  century  to  about  510  millions  (excluding  South  American  countries  and 
Mexico) ;  while  the  growth  of  the  United  States  idone  is  from  a  little  over  5  to 
nearly  80  millions,  and  of  the  English  population  of  the  British  Empire  from 
about  15  to  65  millions.    Germany  and  Bussia  also  show  remarkable  growth — 

'  Cf.  Essays  in  Finance^  2nd  series,  pp.  275-364,  and  Proeeedingt  of  Manchnt^r 
Statistical  Society i  October  17  1900. 
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from  20  to  65  millions  in  the  one  case,  and  from  40  to  135  millions  in  tbe  other — 
partly  due  to  annexation ;  but  the  growth  of  France  is  no  more  than  from  25  .to 
40  millions.  Without  discussing  it,  we  may  understand  that  the  economic 
growth  is  equally  if  not  more  remarkable.  The  effect  necessarily  is  to  assure  the 
preponderance  of  European  peoples  among  the  races  of  the  world — to  put  aside 
completely,  for  instance,  the  nightmares  of  yellow  or  black  perils  arising  from  the 
supposed  overwhelming  mass  of  yellow  or  black  races,  these  races  by  comparison 
being  stationary  or  nearly  so.  The  increase  of  population  being  continuous,  unless 
some  startling  change  occurs  before  long,  each  year  only  makes  European  pre- 
ponderance more  secure.  Equally  it  follows  that  the  relative  position  of  the 
English  Empire,  the  United  States,  Russia,  and  Germany  has  become  such  as  to 
make  them  exclusively  the  great  world  powers,  although  France,  for  economic 
reasons,  notwithstanding  the  stationarincss  of  its  population,  may  still  be  clasi^ed 
amongst  them.  When  one  thinks  what  international  politics  were  only  a  hundred 
years  ago — how  supreme  France  then  appeared ;  how  important  were  Austria, 
Italy,  Spain,  and  even  countries  like  Holland,  Denmark,  and  Sweden — we  may 
surely  recognise  that  with  a  comparatively  new  United  States  on  the  stage,  and 
with  powers  like  Russia  and  Germany  come  to  the  front,  the  world  is  all  changed 
politically  as  well  as  economically,  and  that  new  passions  and  new  rivalries  have 
to  be  considered. 

The  figures  also  suggest  that  for  some  time  at  least  the  movements  going  on 
must  accentuate  the  change  that  has  occurred.  According  to  the  latest  figures, 
there  is  no  sign  that  either  in  France  or  any  other  European  country  which  has 
been  comparatively  stationary  has  any  gp*owth  of  population  commenced  which 
will  reverse  the  change,  while  a  large  increase  of  population  goes  on  in  the  lead- 
ing countries  named.  This  increase,  it  is  alleged,  is  going  on  at  a  diminishing 
rate — a  point  to  be  discussed  afterwards — but  in  ilie  next  generation  or  two  then) 
is  practically  no  doubt  that  the  United  States  will  be  a  larger  international  factor 
than  it  is,  both  absolutely  and  relatively,  and  that  Russia,  Germany,  and  the 
English  people  of  the  British  Empire  will  also  grow,  though  not  in  such  a  way. 
apparently,  as  to  prevent  the  greater  relative  growth  of  the  United  States,  and 
notwithstanding  perhaps  some  relative  changes  of  a  minor  character  amongst 
themselves. 

The  foreign  nations  then  with  which  the  British  Empire  is  likely  to  be  con- 
cerned in  the  near  future  are  Russia,  Germany,  and  the  United  States ;  and  other 
Powers,  even  France,  must  more  and  more  occupy  a  second  place,  although 
France,  for  the  moment,  partly  in  consequence  of  its  relations  with  Russia, 
occupies  a  special  place* 

Special  Position  of  British  Empire. 

Another  idea  which  follows  from  a  consideration  of  the  same  facts  is  tho 
necessity  laid  upon  the  J^ritish  Empire  to  consolidate  and  organise  itself  in  view 
of  the  large  additions  of  subject  races  made  to  it  in  the  last  century,  and  especially 
in  the  last  twenty  years  of  the  century.  In  a  paper  which  I  read  before  the  Royal 
Colonial  Institute  two  years  ago,  an  attempt  was  made  to  show  that  the  burden 
imposed  on  tbe  white  races  of  the  Empire  by  these  recent  itcquiMtions  was  not 
excessive  as  far  as  the  prospect  of  internal  tumults  was  concerned.  Relati\ely  to 
some  other  Powers,  especially  France,  we  have  also  been  gaining  internationally  in 
strength  and  resources.  But  whether  we  had  gained  internationally  on  the  whole, 
looking  at  tbe  growth  of  Powers  like  Russia,  the  United  'States,  and  Germany, 
and  their  greater  activity  in  world-politics,  was  a  different  question.  The  problem 
thus  stated  remains.  It  would  be  foreign  to  the  scope  of  an  address  line  this, 
which  must  avoid  actual  politics,  to  examine  how  far  light  has  been  thrown  on  it 
by  the  South  African  war.  No  one  can  question  at  least  that  the  organisation  of 
the  Empire  must  be  governed  by  considerations  which  the  international  statistics 
suggest,  and  that  no  step  can  be  taken  safely  and  properly  xmless  our  public  men 
fully  appreciate  the  ideas  of  international  strength  and  resources  as  well  as  other 
considerations  which  are  germane  to  the  subject. 
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Europe  and  Foreign  Food  Supplies* 

Another  idea  to  which  attention  may  be  drawn  appears  to  be  the  increa>inir 
dependence  of  European  nations  upon  supplies  of  food  and  raw  material  obtained 
from  abroad.  We  are  familiar  with  a  conception  of  this  kind  as  regnrds  the 
United  Kingdom.  For  years  past  we  have  drawn  increasing  supplies  from 
abroad,  not  merely  in  proportion  to  the  growth  of  population,  but  in  larger  pro- 
portion. The  position  here  obviously  is  that,  with  the  industries  of  agriculture 
and  the  extraction  of  raw  material  (except  as  regards  the  one  article,  coal)  prac- 
tically incapable  of  expansion,  and  with  a  population  which  not  only  increases  in 
numl^ers,  but  which  becomes  year  by  year  increasingly  richer  per  head,  the  con- 
Burning  power  of  the  population  increases  with  enormous  rapidity,  and  must  be 
satisfied,  if  at  all,  by  foreign  imports  of  food  and  raw  materials ;  there  is  no  other 
means  of  satisfaction.  But  what  is  true  of  the  United  Kingdom  is  true  in  a  greater 
or  less  degree  of  certain  European  countries — France,  the  I^ow  (countries,  the 
Scandinavian  countries,  Austria-Hungary,  Italy,  and  Germany.  I'^apecially  is  it 
true  in  a  remarkable  degree  of  Germany,  which  is  becoming  increasingly  industrial 
and  manufacturing,  and  where  the  room  for  expansion  in  agriculture  is  now  very 
limited.  Those  interested  in  the  subject  may  be  referred  to  an  excellent  paper  by 
Mr.  Crawford,  read  at  the  Royal  Statistical  Society  of  London  about  two  years 
ago.  What  I  am  now  desirous  to  point  out  is  the  governing  nature  of  the 
idea,  which  necessarily  follows  from  the  conception  of  a  European  population 
living  on  a  limited  area,  with  the  agricultural  and  extractive  possibilities  long 
since  nearly  exhausted,  and  the  population  all  the  time  increasing  in  numbers  and 
wealth.  Such  a  population  must  import  more  and  more  year  by  year,  and  must 
be  increasingly  dependent  on  foreign  supplies. 

I  shall  not  attempt  to  do  over  again  what  is  done  in  Mr.  Crawford's  paper,  but 
a  few  figures  may  serve  to  illustrate  what  is  meant.  In  the  *  Statistical  Abstract ' 
for  the  principal  and  other  foreign  countries  I  find  tables  for  certain  European 
countries  classifying  the  imports  for  a  series  of  years  into  articles  of  food,  raw  and 
semi-manufactured  articles,  &c.  From  these  t  extract  the  following  (mrticalars 
for  all  the  countries  which  have  tables  in  this  form : — 


Imports  of  Articles  of  Food  and  Haw  Materials  and  Semi-manufactured 
Articles  into  the  undermentioned  Countries  in  1888  and  1898  compared. 


— 

1888 

1 

IfiOR 

Increase               { 

1                           1 
j                           1 

Amount 

Percent.    1 

1 

Articles  of  Food,  &c. 

1 
[ 

Russia       .        .  1,000  roubles 
German  Empire  mln.  marks 
France        .         .    1,000  francs 
Switzerland        .            „ 
Italy           .        .     1,000  lire 

78,975 

907 

1,503,000 

238,000 

274,480 

105,391 

1,819 

1,505,000 

332,000 

391,600 

27,416 
912 
Nil 

94,000 
117,120 

35 
100 
Nil 
40 
42 

Austria-Hungary  1,000  gulden 

r    (1891)    \ 
\  108,441    J 

191,919 

92,478 

85 

Raw  and  Semi-makufactubed  Mateb 

JALS. 

Russia       .        .  1,000  roubles 
German  Empire   mln.  marks 
France       .        ,    1,000  francs 
Switzerland                    „ 
Italy           .        .     1,000  lire 
Austria-Hungary  1,000  gulden 

241,497     ;       313,629 
1,507                2,247 
2,014     i           2,348 
308,110     1        390,111 
898,330             509,418 
231,000            293,000 

71,133 
740 
334 

82,001 

111,088 

62,000 

29 
49 
16 
27 

28 
27 
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The  drawback  to  this  table  is  that  it  is  one  of  values.  Consequently  the  in- 
crease of  values  in  the  later  years  may  in  part  be  one  of  values  only  without  corre- 
sponding increase  of  quantities.  But  the  general  course  of  prices  in  the  period  in 
question  was  not  such  as  to  cause  a  great  change  of  values  apart  from  a  change  in 
quantities.  The  inference  seems  undeniable,  then,  that  the  Continental  countries 
named,  especially  Germany,  have  largely  increased  their  imports  of  food  and  raw 
materials  of  recent  years — that  is,  have  become  increasingly  dependent  on  foreign 
and  oversea  supplies.  The  position  of  Germany,  with  its  enormous  increase  of 
food  imports — from  907  to  1,819  million  marks,  or  from  45  to  over  90  million 
sterling,  and  its  corresponding  increase  of  raw  material  imports — from  1,607  to 
2,247  million  marks,  or  from  76  to  112  million  sterling — is  especially  remarkable. 

An  examination  in  detail  of  the  quantities  imported  of  particular  articles  would 
fully  confirm  the  impression  given  by  the  summary  figures.  But  it  may  be  enough 
to  refer  to  the  *  Statistical  Abstract  *  from  which  I  have  been  quoting,  as  well  as 
to  Mr.  Crawford's  paper.  The  figures  are  not  out  of  the  way  in  any  respect,  and 
it  is  the  idea  we  have  now  to  get  bold  of. 

The  inference  is  that  the  difi'erence  between  the  United  Kingdom  and  Continental 
countries,  especially  Germany,  as  regards  dependence  on  foreign  supplies  of  food 
and  raw  materials,  is  only  one  of  degree,  and  that,  as  regards  Germany  at  least, 
the  conditions  are  already  remarkably  like  those  of  the  United  Kingdom,  while  the 
more  rapidly  Germany  increases  its  manufacturing  and  industrial  population,  the 
more  like  it  will  become  to  this  country.  In  other  words,  in  the  future  there  will 
be  two  great  countries,  and  not  one  only,  dependent  largely  for  their  food  and  raw- 
materials  on  supplies  from  abroad.  What  their  position  is  to  be  economically  and 
otherwise  relatively  to  the  United  States,  which  is  at  once  the  main  source  of 
supply,  and  a  competitor  with  European  countries  in  manufactures,  is  obviously  a 
matter  of  no  little  interest.  As  a  believer  in  free  trade,  I  am  sure  that  nothing 
but  good  will  come  to  all  the  countries  concerned  if  trade  is  interfered  with  as  little 
as  possible  by  tariffs  and  Government  regulations.  I  believe,  moreover,  that  the 
practice  of  free  trade,  whatever  their  theories  may  be,  will  unavoidably  be  accepted 
bv  all  three  countries  before  long.  Obviously,  however,  as  the  new  tariff  in 
Gfermany  indicates,  there  is  to  be  a  great  struggle  in  that  country  before  the 
situation  is  accepted ;  and  if  some  people  in  this  country  had  their  way,  not- 
withstanding our  long  experience  of  free  trade  and  its  blessings,  we  should  even 
have  a  struggle  here. 

There  is  another  point  of  view  from  which  the  facts  should  be  studied.  We 
are  accustomed,  and  rightly  so,  I  think,  to  consider  naval  preponderance  indis- 
pensable to  the  safety  of  the  Empire,  and  especially  indispensable  to  the  safety  of 
the  country  from  blockade,  and  from  the  interruption  of  its  commerce,  which 
would  be  our  ruin.  But  our  position  in  this  respect  is  apparently  not  quite 
exceptional.  Less  or  more  our  Continental  neiprhbours,  and  especially  Germany, 
are  in  the  same  boat.  In  the  event  of  war,  if  they  could  not  make  up  the  loss  by 
traffic  over  their  land  frontiers,  they  would  be  just  as  liable  to  suffer  from  blockade 
and  interrupted  commerce  as  we  are.  It  is  conceivable,  moreover,  that  in  certain 
wars  some  of  the  countries  might  not  be  able  to  make  up  by  traffic  over  their  land 
frontiers  for  blockade  or  interruption  of  commerce  by  sea.  We  may  apprehend, 
for  instance,  that  Germany,  if  it  were  victorious  by  sea  in  a  war  with  France, 
would  insist  upon  Belgium  and  Holland  on  one  side,  and  Italy  and  Spain  on  the 
other  side,  not  supplying  by  land  to  France  what  had  been  cut  off  by  sea.  One  or 
more  of  these  countries  might  be  allies  with  Germany  from  the  first.  Contrari- 
wise France  and  Russia,  if  at  war  with  Germany  and  the  Triple  Alliance,  might 
practically  seal  up  Germany  if  they  were  successful  at  sea,  insisting  that  the 
Scandinavian  countries  and  Holland  should  not  make  up  to  Germany  by  land  what 
had  been  cut  off  by  sea.  Germany  in  this  view,  apart  from  any  possibility  of 
rupture  with  this  country,  has  a  case  for  a  powerful  fleet.  It  is  not  quite  so  much 
liaole  to  a  blockade  as  we  are,  but  there  is  a  liability  of  the  same  kind.  The 
question  of  naval  preponderance  among  rival  powers  may  thus  become  rather  a 
serious  one.  If  preponderance  is  to  be  nearly  as  essential  to  Germany  as  it  is  to 
this  country,  who  is  to  preponderate  P    What  our  practical  action  ought  to  be  in 
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the  premises  is  a  question  that  might  easily  lead  us  too  far  on  an  occaaon  like  this, 
but  the  facts  should  be  ever  present  to  the  minds  of  our  public  men.  We  may  be 
quite  certain  that  they  are  quite  well  known  and  understood  in  the  councils  of  the 
Kussian,  German,  French,  and  other  Continental  Governments. 


Neiv  Population  and  New  Markets, 

Another  idea  suggested  by  the  facts  appears  to  be  an  answer  to  the  question  as 
to  how  new  markets  are  to  be  found  for  the  products  of  an  increasing  popuktion— 
a  question  which  vexes  the  mind  of  many  who  see  in  nothing  but  foreign  trade  aQ 
outlet  for  new  energies.  The  point  was  mentioned  in  my  address  at  Manchester 
a  year  ago,  but  it  deserves,  perhaps,  a  more  elaborate  treatment  than  it  was  possible 
then  to  give  it.  What  we  see  then  is  that  not  only  in  this  country,  but  in  Germany 
and  other  Continental  countries,  millions  of  new  people  are,  in  fact,  provided  for 
m  every  ten  years,  although  the  resources  of  the  country  in  food  and  raw  materials 
are  generally  used  to  the  full  extent,  and  not  capable  of  farther  expansion,  so  that 
increasmg  suijplies  of  food  and  raw  material  have  to  be  imported  from  abroad. 
How  is  the  thing  done  ?  Obviously  the  main  provision  for  the  wants  of  the  new 
people  is  effected  by  themselves,  they  exchange  services  with  each  other,  and  so 
procure  the  major  part  of  the  comforts  and  luxuries  of  life  which  they  require. 
The  butcher,  the  baker,  the  tailor,  the  dressmaker,  the  milliner,  the  shoemaker,  the 
builder,  the  teacher,  the  doctor,  the  lawyer,  and  so  on,  are  all  working  for  each 
other  the  most  part  of  their  lives,  and  the  proportion  of  exchanges  with  foreign 
countries  necessary  to  procure  some  things  required  in  the  general  economy  may  be 
very  small.  These  exchanges  may  also  very  largelv  take  the  form  of  a  remittance 
of  goods  by  foreign  countries  in  payment  of  interest  on  debts  which  they  owe,  so 
that  the  communities  in  question  obtain  much  of  what  they  want  from  abroad  by 
levying  a  kind  of  rent  or  annuity  which  the  foreigner  has  to  pay.  If  more  is 
required,  it  may  be  obtained  by  special  means,  as,  for  instance,  by  the  working  of 
coal  for  export,  which  gives  employment  in  this  country  to  about  200,000  miners, 
by  the  employment  of  shipping  m  the  carrying  trade,  by  the  manufacture  of  special 
lines  of  goods,  and  so  on.  But  the  main  exchanges  of  any  country  are,  and  must 
be,  as  a  rule,  at  home,  and  the  foreign  trade,  however  important,  will  always 
remain  within  limits,  and  bearing  some  proportion  to  the  total  exchanges  of  the 
country.  Hence,  when  additions  to  the  population,  and  how  they  are  to  live,  are 
considered,  the  answer  is  that  the  additions  will  fill  up  proportionately  the  frame- 
work of  the  various  industries  already  in  existence,  or  the  ever-changing  new 
industries  for  home  consumption  which  are  always  starting  into  being.  These 
are  the  primary  outlets  for  new  population  even  in  old  countries  like  the  United 
Kingdom  and  Germany.  Of  course,  active  traders  and  manufacturers,  each  in  his 
own  way,  are  not  to  take  things  for  granted.  They  must  strive  to  spread  their 
activities  over  foreign  as  well  as  over  home  markets.  But  looking  at  the  matter 
from  the  outside,  and  scientifically,  it  is  the  home  and  not  the  foreign  market 
which  is  always  the  most  important. 

JThe  same  may  be  said  of  a  country  in  a  somewhat  different  economic  condition 
from  England  and  Germany,  viz.,  the  United  States.  I  can  only  refer  to  it, 
however,  in  passing,  as  the  facts  here  are  not  so  clearly  on  the  surface.  Contrary 
to  England  and  Germany,  which  have  no  food  resources  and  resources  of  raw 
material  capable  of  indefinite  expansion,  the  United  States  is  still  to  a  large 
extent  a  vu-gin  country.  Its  increasing  population  is  therefore  provided  for  in  a 
different  way  for  the  most  part  from  the  increase  in  England  and  Germany.  Bat 
even  in  the  United  States  it  has  been  noticeable  at  each  of  the  last  census  returns 
that  the  increasing  population  finds  an  outlet  more  and  more  largely,  not  in  agri- 
culture and  the  extraction  of  raw  materials,  but  in  the  miscellaneous  pursuits  of 
industry  and  manufacture.  The  town  population  increases  disproportionately.  Id 
the  last  census  especially  it  was  found  that  the  overflow  of  popuktion  over  the 
far  Western  States  seemed  to  have  been  checked,  the  increase  of  population  being 
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mainlj  in  the  older  States  and  the  towns  and  cities  of  the  older  States.  The 
phenomena  in  England  and  Germany  and  in  other  Continental  countries  are 
accordinjfly  not  singular.  The  older  countries,  and  the  older  parts  even  of  a  new 
country  like  the  United  States  are  becoming  more  and  more  the  centres  where 
populations  live  and  grow,  because  they  are  the  most  convenient  places  for  the 
general  exchange  of  services  with  each  other  among  the  component  parts  of  a  large 
population,  which  constitutes  production  and  consumption.  A  small  expenditure 
of  effort  in  proportion  enables  such  communities  to  obtain  from  a  distance  the  food 
and  raw  materials  which  they  require.  Migration  is  no  longer  the  necessity  that 
it  was. 

Decline  in  Rate  of  Growth  of  Population, 

I  come  now  to  another  idea  appearing  on  the  surface  of  the  census  returns 
when  they  are  compared  for  a  long  time  past,  and  the  connected  returns  of  births, 
marriages,  and  deaths,  which  have  now  been  kept  in  most  civilised  communities 
for  generations.  Great  as  the  increase  of  population  is  with  which  we  have  been 
dealing,  there  are  indications  that  the  rate  of  growth  in  the  most  recent  census 
periods  is  less  in  many  quarters  than  it  formerly  was,  while  there  has  been  a 
corresponding  decline  in  the  birth-rates ;  and  to  some  extent,  though  not  to  the 
same  extent,  in  the  rate  of  the  excess  of  births  over  deaths,  which  is  the  critical 
rate  of  course  in  a  question  of  the  increase  of  population.  These  facts  have  sug- 
gested to  some  a  question  as  to  how  far  the  increase  of  population  which  has  been 
so  marked  in  the  past  century  is  likely  to  continue,  and  speculations  have  been 
indulged  in  as  to  whether  there  is  a  real  decline  in  the  iecundity  of  population 
among  the  peoples  in  question  resembling  the  decline  in  France,  both  in  its  nature 
and  consequences.  I  do  not  propose  to  discuss  all  thete  various  questions,  but 
rather  to  indicate  the  way  in  which  the  problem  is  suggested  by  the  statistics,  and 
the  importance  of  the  questions  thus  raised  for  discussion,  as  a  proof  of  the  value 
of  the  continuous  statistical  records  themselves. 

The  United  States  naturally  claims  first  attention  in  a  matter  like  this,  both 
on  account  of  the  magnitude  of  the  increase  of  population  there,  and  the  evidence 
that  recent  growth  has  not  been  quite  the  same  as  it  was  earlier  in  the  century. 
Continuing  a  table  which  was  printed  in  my  address  as  President  of  the  Statistical 
Society,  in  1882,  above  referred  to,  we  find  that  the  growth  of  population  in  the 
United  States  since  1800  has  been  as  follows  in  each  census  period: — 

Population  in  the  United  States,  and  Increase  in  each  Census  Period  of  tJie 
Nineteenth  Century. 


Increase  since  previous  Census 

— 

Population 

Amount            i           Per  Cent. 

Millions 

Millions 

1800 

5-3 





1810 

7-2 

1-9 

36 

1820 

9G 

2-4 

33 

1830 

12-9 

3-3 

34 

184U 

17-1 

4-2 

33 

1850 

23-2 

61 

36 

1860 

31-4 

8-2 

36 

1870 

38-5 

71 

23 

1880 

50-1 

11-6 

30 

I  1890 

62-6 

12-5 

25 

!  1900 

1 

75-7» 

131 

21 

•  This  does  not  inc 

lude  population  of  1 

[ndian  reservations, 

&c.,  now  included  in 

the  official  census  for  the  first  time. 
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Thus  it  is  quite  plain  that  something  has  happened  in  the  United  Stated  to 
diminish  the  rate  of  increase  of  population  after  1860.  Up  to  that  time  the 
growth  in  each  census  period  from  1800  downwards  had  ranged  between  3.3  and 
iJ6  per  cent.  Since  then  the  highest  rates  have  been  30  per  cent,  between  1870  and 
1880,  and  25  per  cent,  between  1880  and  1890.  There  is  a  suspicion,  moreoTer, 
that,  owing  to  errors  in  the  census  of  1870,  which  were  corrected  in  1880,  the 
increase  between  1870  and  1880  was  not  quite  so  high  as  stated.  There  is  ac- 
cordingly a  somewhat  steep  decline  from  a  growth  in  each  ten  years  prior  to  1860, 
ranging  between  33  and  36  per  cent.,  to  a  growth  first  of  about  26  per  cent.,  and 
finally  of  21  j)er  cent.  only.  The  Civil  War  of  the  early  sixties  naturally  occurs 
to  one  as  the  explanation  of  the  break  immediately  after  1860,  but  the  effects 
could  hardly  have  continued  to  the  present  time,  and  a  more  general  explanation 
is  sugpfested. 

Other  special  explanations  have  occurred  to  me  as  partly  accounting  for  the 
change.  One  is  that,  prior  to  1800,  the  United  States  at  different  times  in- 
creased its  territory  and  population  partly  by  purchase  and  partly  by  annexation. 
But  I  cannot  make  out  that  either  the  purchase  of  Louisiana  early  in  the  century, 
or  the  subsequent  annexations  following  the  Mexican  war,  would  make  a  material 
difference.  There  is  a  considerable  increase  certainly  after  the  Mexican  war,  but 
it  would  be  difficult  indeed  to  estimate  how  much  of  the  population  of  Texas  and 
New  Mexico,  which  was  then  added  to  the  Union,  had  previously  swarmed  over 
from  the  Union,  and  had  thus  been  from  the  first  economically,  if  not  politically, 
part  of  the  United  States.  Another  obvious  suggestion  is  that  possibly  immigra- 
tion into  the  United  States  has  tallen  off  as  compared  with  what  it  formerly  was. 
But  this  explanation  also  fails,  as  far  as  the  official  figures  carry  us.  The  pro- 
portion of  immigration  to  the  total  increase  of  population  in  each  census  period 
since  1820,  previous  to  which  I  have  not  been  able  to  obtain  figures,  has  been  as 
follows : — 

Proportion  of  Immigvation  to  Total  Increase  of  Population  in  tlie  undermentioned 
Periods  in  the  United  States. 


Per  Cent. 

Percent. 

1820-30  . 

^         , 

.       4-7 

1860-70  . 

t        .     350 

1830-10  . 

•         • 

.     14-2 

1870-80  . 

.     24-2 

1840-60  . 

.     27-9 

1880-90  . 

.     421 

1850-60  . 

.     31-5 

1890-1900       . 

.     29-4 

Immigration,  according  to  these  figures,  has  thus  in  late  years  played  as 
important  a  part  as  it  formerly  did  in  the  increase  of  population  in  the  United 
States.  Possibly  the  official  figures  of  immigration  of  late  years  are  a  little 
exaggerated,  as  the  United  States  Government  does  not  show  a  balance  between 
immigration  and  emigration ;  but  whatever  corrections  may  be  made  on  this 
account,  tlie  recent  figures  of  immigration  are  too  large  to  permit  the  supposition 
that  the  failure  of  immigrants  accounts  in  the  main  for  the  diminished  rate  of 
increase  of  the  population  generally.  The  ten  years'  percentage  of  increaw  with- 
out immigrants,  1  may  say,  varied  before  1860  between  24  and  32  per  cent.,  and 
has  since  fallen  to  14  and  15  per  cent.  Even  if  the  latter  figures  should  be 
increased  a  little  to  allow  for  the  over-estimate  of  immigration,  the  change  would 
be  enormous. 

Passing  from  the  United  States,  we  meet  with  similar  phenomena  in  Aus- 
tralasia. Indeed,  what  has  happened  in  Australasia  of  late  has  been  attracting  a 
good  deal  of  attention.  The  following  short  table,  which  is  extracted  from  the 
statistics  of  Mr.  Coghlan,  the  able  statistician  of  the  Goverpment  of  Kew  South 
Wales,  gives  an  idea  of  what  has  occurred : — 
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Population  of  Amtralaiia  at  different  Dates,  n-ith  the  Annual  Increase 
per  Cent,  in  each  Period. 


Annual 

Annual 

Increase 

Increase 

Population 

per  Cent. 

since  previous 

Date 



1 

Population 

per  Cent. 

since  previous 

Date 

Thouaandfl 

Thousands 

1788  . 

10 

— 

1851  . 

430-6 

7-36 

1801  . 

6-5 

1513 

1861  . 

1,253-0 

11-30 

1811  . 

11-5 

11-94 

1871  . 

1,924-8 

4-39 

1821  . 

35G 

5-88 

1881   . 

2,742-5 

3-00 

IHai    . 

79-3 

884 

1891  . 

3,809  9 

334 

18U  . 

2111                 10  28 
pplenicntary  Table  of  Rate  ]. 

1899  . 

4,4830 

2-1 

Sh 

wr  Cent,  of  Increase  since  1890. 

Per  Cent. 

1 

Per  Cent. 

1891 

.     3-34 

1         189G 

,         , 

.     1-84 

1892 

.     210 

1897 

,         . 

.     1-86 

1893 

.     l-9(> 

1898 

, 

.     1-40 

1891 

.     195 

1899 

. 

.     1-44 

1895 

.     1-88 

The  decline  in  the  rate  of  increase  is  so  great  and  palpable  as  to  need  no 
comment. 

Here  the  perturbations  due  to  immigration  have  obviously  been  prreater  than  in 
the  case  of  the  United  States.     The  country  was,  in  fact,  settled  mainly  between 

1850  and  1870,  without  previously  having  had  a  population  to  speak  of.  But 
daducting  immigration,  the  increase  would  appear  to  have  been  as  follows  in  each 
decade: — 

Hate  of  Increase  per  Cent,  of  Population  in  Australasia,  deducting 
Immigration,  in  the  undermentioned  Periods, 

Per  Cent,    j  Per  Cent. 

1851-60  ....     48-5  1880-90  .         *         .         .     245 

1860-70  ....     300  1890-99  ....     160 

1870-80  ....     25-0         I 

Of  course,  so  long  as  immigration  continues,  the  effect  is  to  swell  indirectly  the 
natural  increase  of  population,  so  that  the  large  increases  here  shown  between 

1851  and  1870,  and  even  down  to  1890,  may  be  accounted  for  in  part  as  the 
indirect  result  of  the  large  immigration  that  was  going  on.  But  whatever  the 
cause,  the  fact  is  unmistakable  that  the  rate  of  increase,  apart  from  the  direct 
immigration,  has  declined  just  as  it  has  done  in  the  United  States. 

There  has  been  a  similar  though  not  nearly  so  marked  a  decrease  in  England, 
at  any  rate  if  we  carry  the  comparison  back  to  the  period  before  1850.  llie 
population  at  each  census  period  since  1800  in  England,  with  the  percentage 
increase  between  each  census  period,  have  been  as  follows : — 

Population  of  England  at  the  Date  of  each  Census  since  1800,  with  Percentage  of 
Increase  between  each  Census. 


Increase  per 

Increase  per  ' 

— 

Population 

Cent,  since 
previous 

— 

Population 

Cent,  since   [ 
previous      i 

Census 

Census 

Milhons. 

1      Millions. 

' 

1800 

8-9 

— 

1860 

'         201 

11-9 

1810 

10-2 

140 

1870 

1         22-7 

13-2 

1820 

120 

18-1 

1880 

1         260 

14-4 

1830 

13-9 

16-8           t 

1890 

1         29-0 

11-6 

1840 

15-9 

14-6 

1900 

'         32-3 

12-2 

1850 

17-9 

12-9 
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Thus  the  increase  between  recent  census  periods  has  been  sensibly  less  than  it 
was  before  1850 ;  and  the  slight  recovery  between  1800  and  1880  has  not  been 
maintained.  We  are  thus  in  presence  of  much  the  same  kind  of  change  as  has 
been  shown  in  the  United  States  and  in  Australasia. 

It  should  be  noted,  however,  in  order  that  we  may  not  strain  any  fact,  that, 
when  the  United  Kingdom  is  viewed  as  a  whole,  Scotland  and  Ireland,  as  well  as 
the  senior  partner,  being  taken  into  account,  it  cannot  be  said  that  there  is  any 
fulling  off  in  the  rate  of  growth  of  the  population  since  1 850.  For  several  decades 
after  that,  in  fact,  the  rate  of  growth  of  the  United  Kingdom  as  a  whole  was 
diminished  enormously  by  the  emigration  from  Ireland,  and  the  growth  since  1860 
has  been  at  a  greater  rate  than  in  the  thirty  years  before.  There  may  be  new 
causes  at  work  which  will  again  diminish  the  rate  of  growth,  but  in  a  broad  view 
they  do  not  make  themselves  visible  owing  to  the  disturbance  caused  by  the  Irish 
emigration.  Still  the  facts  as  to  the  United  Kingdom  as  a  whole  ought  not  to 
prevent  us  from  considering  the  facts  respecting  England  only  along  with  the 
similar  facts  respecting  the  United  States  and  Australasia. 

These  diminutions  in  the  rate  of  growth  of  large  populations,  as  I  have  indicated, 
are  corroborated  by  a  study  of  the  birth-rates,  and  of  the  rate  of  the  excess  of 
births  over  deaths. 

The  United  States  unfortunately  is  without  birth-  or  death-rates,  owing  to  the 
want  of  a  general  system  of  registration  over  the  whole  country.  This  is  a  most 
serious  defect  in  the  statistical  arrangements  of  that  great  country,  which  it  may 
be  hoped  will  be  remedied  in  time.  In  the  absence  of  the  necessary  records  I 
have  made  some  calculations  so  as  to  obtain  a  figure  which  may  be  provisionsDy 
substituted  for  a  proper  rate  of  the  excess  of  births  over  deaths,  which  I  submit 
for  what  it  may  be  worth  as  an  approximation,  and  an  approximation  only.  In 
these  calculations  one-tenth  of  the  increase  of  population  between  two  census 
periods,  apart  from  immigration,  is  compared  with  the  mean  of  the  population  at 
the  two  census  dates  themselves,  with  the  following  results: — 

Approximate  Rate  of  Exeefs  of  Births  over  Deaths  in  the  United  StateSy  ealeukUed 
from  a  Comparison  of  One-tenth  the  Increase  of  Pttpulation  between  the  Cetuvs 
Periods,  dedvcting  Immigrants,  with  the  Mean  of  the  JSumhers  of  the  Population 
at  the  tiro  Census  Dqites, 


1 

a 

8 

4 

Mean 

of  Population 

kctweGn 

One-tenth 

Calculated  Excess 

of  increase  since 

of  Births  over 

Year 

Population 

previous  Census, 

Deaths  per  1,000, 

two  CensueeB 

less 
Immigrants 

Thousands. 

proportion  of 
CoL  3  to  Col.  2 

MUlions. 

Millions. 

\ 

1800    . 

6-3 

— 



— 

1810    . 

7*2 

6-2 

1 

1820    . 

9G 

8-4 



1830    . 

12  9 

11-2 

308 

28             i 

1840    . 

171 

15-0 

360 

24             i 

1850    . 

23-2 

20-1 

441 

22 

18G0    . 

31-4 

27-3 

565 

21 

1870    . 

38-5 

350 

462 

13 

1880    . 

50-2 

44-4 

878 

20 

1890    . 

62-6 

56-4 

722 

13 

1900    . 

75-7 

69-2 

923 

13 

Thus,  while  the  excess  rate  was  as  high  as  21  to  28  per  1,000  before  1860,  it 
has  since  fallen  to  one  of  13  only,  or  about  one-half.  Whatever  validity  may 
attach  to  the  method  of  calculation,  the  real  facts  would  no  doubt  show  a  change 
in  the  direction  of  the  table — a  decline  in  the  rate  of  the  excess  of  births  over 
deaths  from  period  to  period.  The  decline  in  the  growth  of  population  is  thus  not 
merely  the  direct  effect  of  a  change  in  immigration,  but  is  connected  with  the  birtJi- 
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and  death-rates  themselves,  although  these  rates  are  of  course  indirectly  affected 
by  the  amount  and  proportion  of  immigration.  It  would  be  most  important  to 
know  what  the  decline  in  the  birth-rate  is  by  itself,  and  how  far  its  effects  on  the 
growth  of  population  have  been  mitigated  or  intensified  by  changes  in  the  death- 
rate  ;  but  IJnited  States  records. generally  give  no  help  on  this  head. 

Dealing  with  Australasia  in  the  same  way,  wo  have  the  advantage  of  a  direct 
comparison  of  both  birth-  and  death-rates  and  the  rate  of  the  excess  of  births  over 
deaths.    This  is  done  in  the  following  table : — 

Birth-raU  and  Death-rate  and  Hate  of  Excess  of  Birthi  over  Deaths  in  Australasia 
for  undermentioned  Years. 

[From  Mr.  Coghlan's  etatistics.] 


— 

Birth-rate' 

Death-rate 

Excess  of  Births 
over  Deaths 

1861-66      .... 

41-92 

16-76 

25-17 

1866-70 

.S9'84 

15-62 

24-22 

1871-75 

37-34 

16-26 

22-08 

1876-80 

36-38 

1504 

21-34 

1881-86 

35-21 

14-79 

20-42 

1886-90 

34-43 

13-95 

20-48 

1891-96 

31-52 

12-74 

18-78 

1896-99 

27-35 

1239 

14-96 

Thus  from  a  high  birth-rate  forty  years  ago  Australasia  has  certainly  gone 
down  to  very  ordinary  birth-rates,  lower  than  in  the  United  Kingdom  and  in 
Continental  countries,  and  Australasia  certainly  has  had  heavy  declines  in  the  rate 
of  excess  of  births  over  deaths,  viz.,  from  i?6-17  in  1861-65  to'  15  in  1896-99, 
which  is  to  be  compared  with  the  decline  in  the  United  States,  as  above  stated 
approximately,  from  28  in  1820-30,  and  21  as  late  as  1860,  to  13  in  the  last  twenty 
years. 

A  similar  table  for  England  only  gives  the  following  results : — 

Birth'rate  amd  Death-rate  and  Rate  of  Exoess  of  Bwths  over  DeatJis  in  England 
for  widermentioned  Years. 


Birth-rate  per 

Death-rate  per 

Excess  of  Birth- 

— 

1,000 

1,000 

rate  over  Death- 

rate 

1851 

34-2 

22-0 

12-2 

1861 

34-6 

21-6 

130 

1871 

350 

22-6 

12-4 

1881 

33-9 

189 

16-0 

1891 

31-4 

20-2 

11-2 

1899 

29-3 

18-3 

110 

^o^e.— Highest  birth-rate  in  1876,  86*8. 

Here  the  birth-rates,  to  begin  with,  are  not  so  high  as  in  Australasia,  and 
presumably  in  the  United  States,  and  the  excess  of  births  over  deaths,  though  it 
has  declined  a  good  deal  since  1871-81,  when  it  was  highest,  has  been  by  com- 
parison fairly  well  maintained,  being  still  11  per  1,000,  as  compared  with  12-2  in 
1851. 

We  have  thus  on  one  side  a  manifest  decline  in  the  rate  of  growth  of  population 
in  three  large  groups  of  population,  coupled  with  a  large  decline  of  birth-rates  in 
England  and  Australasia  where  the  facts  are  known,  and  a  smaller  decline  in  the 
rate  of  the  excess  of  births  over  deaths,  this  decline  in  England  as  yet  being  com- 
paratively small.    Such  facts  cannot  but  excite  inquiry,  and  it  is  an  excellent 
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result  of  the  use  of  continuous  statistical  records  that  the  questions  involved  can 
be  so  definitely  raised. 

As  I  have  stated,  it  would  be  foreign  to  the  object  of  this  paper  to  discuss  fully 
the  various  questions  thus  brought  up  for  dbcussion,  but  one  or  two  observations 
may  be  made  having  regard  to  some  inferences  which  are  somewhat  hastily  drawn. 

1.  The  rate  of  growth  of  population  of  the  communities  may  still  be  very  con- 
siderable, even  if  it  is  no  higher  than  it  has  been  in  the  last  few  years.  A  growth 
of  ]6, 15,  or  even  12  percent,  in  ten  years,  owing  to  the  excess  of  births  over 
deaths,  is  a  very  considerable  growth,  though  it  is  much  less  than  the  larger  figruros 
which  existed  in  some  parts  forty  or  fifty  years  ago.  What  has  happened  in  the 
United  Kingdom  is  well  worth  observing  in  this  connection.  Since  1840  the 
population  of  the  United  Kingdom  as  a  whole  has  increased  nearly  60  per  cent., 
although  the  increase  in  most  of  the  decades  hardly  ever  exceeded  8  per  cent., 
and  in  1840-50  was  no  more  than  2 J  per  cent.  The  increase,  it  must  be  remem- 
bered, goes  on  at  a  compound  ratio,  and  in  a  few  decades  an  enormous  change  is 
apparent.  The  increase  from  about  170  to  510  millions  in  the  course  of  the  last 
century  among  European  people  generally,  though  it  includes  the  enormous  growth 
of  the  United  States  in  those  decades,  when  the  rate  of  growth  was  at  the  highest, 
also  includes  the  slower  growth  of  other  periods,  and  the  slower  growths  of  other 
countries.  An  addition  of  even  10  per  cent,  only  as  the  average  every  ten  years 
would  far  more  than  double  the  500  millions  in  a  century,  and  an  Increase  to  at 
least  1,600  millions  during  the  century  now  beginning,  unless  some  great  change 
should  occur,  would  accordingly  appear  not  improbable. 

2.  Some  of  the  rates  of  growth  of  population  from  which  there  has  been  a 
falUng  oft*  of  late  years  were  obviously  quite  abnormal.  I  refer  especially  to  the 
growth  in  Australasia  between  1850  and  1880,  and  the  growth  in  the  United 
States  prior  to  1860.  They  were  largely  due  to  the  indirect  effect  of  immigration 
which  has  been  already  referred  to. 

The  population  to  which  immigrants  are  largely  added  in  a  few  years,  owing 
to  the  composition  of  the  population,  has  its  birth-rates  momentarily  increased  and 
its  death-rates  diminished — the  birth-rates  because  there  are  more  people  relatively 
at  the  child-producing  ages,  and  the  death-rates  because  the  whole  population  is 
younger,  than  in  older  countries.  It  appears  quite  unnecessary  to  elaborate  this 
point.  The  rates  of  the  excess  of  births  over  deaths  in  a  country  which  is  receiving 
a  large  immigration  must  be  quite  abnormal  compared  with  a  country  in  a  more 
normal  condition,  while  a  country  from  which  there  is  a  large  emigration,  such  as 
Ireland,  must  tend  to  show  a  lower  excess  than  is  consistent  with  a  normal  con- 
dition. This  explanation,  it  may  be  said,  does  not  apply  to  England,  since  it  is  a 
country  which  has  not  been  receiving  a  large  immigration  or  iSeiiding  out,  except 
occasionally,  a  large  emigration.  England,  however,  must  have  been  affected  both 
ways  by  movements  of  this  character.  It  received  undoubtedly  a  large  Irish 
immigration  in  the  early  part  of  last  century,  and  in  more  recent  periods  the 
emigration  in  some  decades,  particularly  between  1880  and  1800,  appears  to  have 
been  large  enough  to  have  a  sensible  effect  on  both  the  birth-rate  and  the  rate  of 
the  excess  of  births  over  deaths.  This  effect  would  be  continued  down  into  the 
following  decade,  and  the  consideration  is  therefore  one  to  be  taken  note  of  as 
accounting  in  part  for  the  recent  decline  in  birth-rates  in  England. 

In  addition,  however,  it  is  not  improbable  that  there  was  an  abnormal  increase 
of  population  in  the  early  part  of  last  century,  due  to  the  sudden  multiplication  of 
resources  for  the  benefit  of  a  poor  population  which  had  previously  tended  to  grow 
at  a  very  rapid  rate,  and  would  have  grown  at  that  rate  but  for  the  checks  of  war, 
pestilence,  and  famine,  on  which  Mai  thus  enlarges.  The  sudden  withdrawal  of 
the  checks  in  this  view  would  thus  be  the  immediate  cause  of  the  singularly 
rapid  growth  of  population  in  the  early  part  of  last  century.  It  is  quite  in 
accordance  with  this  fact  that  a  generation  or  two  of  prosperity,  raising  the  scale 
of  living,  would  diminish  the  rate  of  growth  as  compared  with  this  abnormal 
development,  without  affecting  in  any  degree  the  permanent  reproductive  energy 
of  the  people. 

8.  It  is  also  obvious  that  one  explanation  of  the  decline  in  birth-rate,  and  of 
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the  rate  of  the  excess  of  births  over  deaths,  may  also  be  the  greater  vitality  of  the 
populations  concerned,  so  that  the  composition  of  the  population  is  altered  by  an 
increase  of  the  relative  numbers  of  people  not  in  the  prime  of  life,  so  altering  the 
proportion  of  the  people  at  the  child-producing"  ages  to  the  total.  This  would  be 
too  complex  a  subject  for  me  to  treat  in  the  course  of  a  discursive  address.  Nor 
would  it  explain  the  whole  facts,  which  include,  for  instance,  an  almost  stationary 
annual  number  of  births  in  the  United  Kingdom  for  more  than  ten  years  past,  not- 
withstanding the  largely  increased  population.  But  the  case  may  be  one  where  a 
great  many  partial  explanations  contribute  to  elucidate  the  phenomena,  so  that  this 
particular  explanation  cannot  be  overlooked. 

4.  There  remains,  however,  tlie  question  which  many  people  have  rushed  in  to 
discuss — viz.,  whether  the  reproductive  power  of  the  populations  in  question  is 
quite  as  great  as  it  was  fifty  or  sixty  years  ago.  We  have  already  heard  in  some 
quarters,  not  merely  that  the  reproductive  energy  has  diminished,  but  suffgestions 
that  the  populations  in  question  are  following  the  example  of  the  French,  where 
the  rate  of  mcrease  of  the  population  has  almost  come  to  an  end.  Apart,  however, 
from  the  suggestions  above  made  as  to  the  abnormality  of  the  increase  fifty  or 
sixty  years  ago,  so  that  some  decline  now  is  rather  to  be  expected  than  not,  I 
would  point  out  that  the  subject  is  about  as  full  of  pitfalls  as  any  statistical 
problem  can  be,  for  the  simple  reason  that  it  can  only  be  approached  indirectly,  as 
there  have  been  no  statistical  records  over  a  long  series  of  years  showing  the  pro- 
portion of  births  to  married  women  at  the  child-producing  ages,  distinguishing 
the  ages,  and  showing  at  the  same  time  the  proportion  of  the  married  women  to 
the  total  at  those  ages.  Unless  there  are  some  such  statistics,  direct  comparisons 
are  impossible,  and  a  good  many  of  the  indirect  methods  of  approaching  the  sub- 
ject which  I  have  studied  a  little  appear,  to  say  the  least,  to  leave  much  to  be 
desired.  We  find,  for  instance,  that  a  comparison  has  been  made  in  Australasia 
between  the  number  of  marriages  in  a  given  year  or  years  and  the  number  of 
births  in  the  five  or  six  years  following,  which  show,  it  is  said,  a  remarkable 
decline  in  the  proportion  oi  births  to  marriages  in  recent  years  as  compared  with 
twenty  or  thirty  years  ago.  It  is  forgotten,  however,  that  at  the  earlier  dates  in 
Australasia,  when  a  large  immigration  was  taking  place,  a  good  many  of  the 
children  bom  were  the  children  of  parents  who  had  been  married  before  they 
entered  the  country,  while  there  are  hardly  any  children  of  such  parents  at  a  time 
when  immigration  has  almost  ceased.  The  answer  to  such  questions  is  in  truth 
not  to  be  rushed,  and  the  que^ttion  with  statisticians  should  rather  be  how  the 
statistics  are  to  be  improved  in  future,  so  that,  although  the  past  cannot  be  fully 
explained,  the  regular  statistics  themselves  will  in  future  give  a  ready  answer. 

6.  One  more  remark  may,  perhaps,  be  allowed  to  me  on  account  of  the  delicacy 
and  interest  of  the  subject.  To  a  certain  extent  the  causes  of  a  decline  in  repro- 
ductive energy  may  be  part  and  parcel  of  the  improved  condition  of  the  popula- 
tion, which  leads  in  turn  to  an  increase  of  the  age  at  marriage,  and  an  increase  of 
celibacy  generally  through  the  indisposition  of  individual  members  of  the  com- 
munity to  run  any  risk  of  sinking  in  the  scale  of  living  which  they  may  run  by 
premature  marriage.  These  causes,  however,  may  operate  to  a  great  extent  upon 
the  birth-rate  itself  without  diminishing  the  growth  of  population,  because  the 
children,  though  bom  in  smaller  proportion,  are  better  cared  for,  and  the  rate  of 
excess  of  births  over  deaths  consequently  remains  considerable,  although  the 
birth-rate  itself  is  low.  The  serious  fact  would  be  a  decline  of  the  rate  of  the 
excess  of  births  over  deaths  through  the  death-rate  remaining  comparatively  high 
while  the  birth-rate  falls.  It  is  in  this  conjunction  that  the  gravity  of  the 
stationariness  of  population  in  France  appears  to  lie.  While  the  birth-rate  in 
France  is  undoubtedly  a  low  one,  21*9  per  1,000  in  1809,  according  to  the  latest 
figures  before  me,  still  this  would  have  been  quite  sufficient  to  ensure  a  consider- 
able excess  rate  of  births  over  deaths,  and  a  considerable  increase  of  population 
every  ten  years  if  the  death-rate  had  been  as  low  as  in  the  United  Kingdom — viz., 
18'3  per  1,000.  A  difference  of  3'6  per  1,000  upon  a  population  of  about 
40  millions  comes  to  about  160,000  per  annum,  or  1,600,000  and  rather  more 
every  ten  years.     In  France,  however,  the  death-rate  was  21*1  per  1,000,  instead 
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of  18'3,  as  in  the  United  Kingdom^  and  it  is  this  comparatively  high  deatli-rate 
which  really  makes  the  population  stationary.  The  speculations  indulged  in  in 
some  quarters,  therefore,  though  they  may  be  justified  in  future,  are  hardly  yet 
justified  by  the  general  statistical  facts.  The  subject  is  one  of  profound  interest, 
and  must  be  carefully  studied ;  but  the  conclusions  I  have  referred  to  must  b« 
regarded  as  premature  until  the  study  has  been  made. 

Conclusion, 

Such  are  a  few  illustrations  of  the  importance  of  the  ideas  which  are  suggested 
by  the  most  common  statistics — those  of  the  regular  records  which  civiliaed 
societies  have  instituted.  It  is,  indeed,  self-evident  how  important  it  is  to  know 
such  facts  as  the  growing  weight  of  countries  of  European  civilisation  in  com- 
parison with  others ;  the  relative  growth  of  the  British  Empire,  Russia,  Germany, 
and  the  United  States,  in  comparison  with  other  nations  of  Europe  or  of  Euro- 
pean origin ;  the  dependence  of  other  European  countries  as  well  as  the  United 
Kingdom  upon  imports  of  food  and  raw  materials ;  the  ability  of  old  countries 
and  of  old  centres  in  new  countries  to  maintain  large  and  increasing  populations : 
and  the  evidence  which  is  now  accumulating  of  changes  in  the  rate  of  growth  of 
European  nations,  with  suggestions  as  to  the  causes  of  the  changes.  It  would  be 
easy,  indeed,  to  write  whole  chapters  on  some  of  the  topics  instead  of  making  a 
remark  or  two  only  to  bring  out  their  value  a  little.  It  would  also  be  very  easy 
to  add  to  the  list.  There  was  a  strong  temptation  to  include  in  it  a  reference  to 
the  relative  growth  of  England,  Scotland,  and  Irelan4,  which  has  now  become  the 
text  of  so  much  discussion  regarding  tbe  practical  'question  of  diminishing  the 
relative  representation  of  Ireland  in  Parliament,  and  increasing  that  of  England 
and  Scotland.  It  is  expedient,  however,  in  an  address  like  this,  to  avoid  anything 
which  verges  on  party  politics,  and  I  shall  only  notice  that  while  the  topic  has 
lately  become  of  keen  interest  to  politicians,  it  is  not  new  to  statisticians,  w^ho 
were  able  long  ago  to  foresee  what  is  now  so  much  remarked  on.  This  very  t<^ic 
was  discussed  at  length  in  the  addresses  of  1882-83,  to  which  reference  has  been 
made,  and  even  before  that  in  1876  it  received  attention.*  Another  topic  which 
might  have  been  added  is  that  of  the  economic  growth  of  the  difiTerent  countries 
which  was  discussed  in  the  address  in  1883 ;  and  such  topics  as  the  increase  of 
population  in  a  country  like  India  under  the  peace  imposed  by  its  European 
conquerors,  by  which  the  stationariness  of  the  country  in  numbers  and  wealth 
under  purely  native  conditions  has  been  changed,  and  something  like  European 
progress  has  been  begun.  Enough  has  been  said,  however,  it  may  be  hoped,  to 
justify  this  mode  of  looking  at  statistics,  and  the  ideas  suggested  by  them. 

May  I  once  more,  then,  express  the  hope,  as  I  have  done  on  former  occasions, 
that  as  time  goes  on  more  and  more  attention  will  be  given  to  these  common 
statistics  and  the  ideas  derived  from  them  P  The  domination  of  the  ideas  suggested 
by  these  common  figures  of  population  statistics,  in  international  politics  and  in 
social  and  economic  relations,  is  obvious ;  and  although  the  decline  in  the  rate  of 
growth  of  population  in  recent  years,  the  last  of  ^e  topics  now  touched  on, 
suggests  a  great  many  points  which  the  statistics  themselves  are  as  yet  unfit  to 
solve — ^what  can  be  done  with  a  great  country  like  the  United  States,  absolutely 
devoid  of  bare  records  of  births,  marriages,  and  deaths? — still  the  facts  of  the 
decline  as  far  as  recorded  throw  a  great  deal  of  light  on  the  social  and  economic 
history  of  the  past  century,  prepare  the  way  for  discussing  the  further  topics 
which  require  a  more  elaborate  treatment,  and  enforce  the  necessity  for  more  and 
better  records.  We  may  emphasise  the  appeal^  then,  for  the  better  statistical 
and  economic  education  of  our  public  men,  and  for  the  more  careful  study  by  all 
concerned  of  such  familiar  publications  as  the  'Statistical  Abstracts,'  the 
Statesman's  Year-book,'  and  the  like.  The  material  transformations  which  are 
:oing  on  throughout  the  world  can  be  substantially  followed  without  any 
iifficulty  in  such  publications  by  those  who  have  eyes  to  see ;  and  to  ibllow  such 
transformations,  so  as  to  be  ready  for  the  practical  questions  constantly  raised,  is 
at  least  one  of  the  main  uses  of  statistical  knowledge. 

*  See  JBssays  in  Finanee,  2nd  series,  p.  290  et  $eq. ;  p*  330  et  seq.  \  and  1st  stxies, 
p.  280  et  ieq.  % 
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The  following  Papers  were  read  t— ^ 

1.  The  PoatvZates  of  the  Standard,   By  William  WarraNd  CarlIle,  M.A. 

Professor  Walker's  exposition  of  the  manner  in  which  the  standard  substance 
comes  to  measure  values  in  his  '  Money  Trade  and  Industry  '  shows  the  fallacy  of 
the  current  view  that  any  commodity  can  measure  the  value  of  any  or  of  all 
others.  We  find,  on  the  contrary,  that  the  postulate  of  the  whole  process  is  this, 
that  there  must  be  a  gfeneral  desire  for  the  substance  which  becomes  the  standard. 
Should  this  general  desire  cease  to  operate,  the  value-measurinff  process  would 
cease  also.  This  general  desire  must  therefore  be  an  insatiable  desire.  How  it 
became  so  is  a  question  that  it  b  not  proposed  to  enter  on  at  present,  but  ratber  to 
look  at  the  fact  in  some  of  its  bearings.  In  connection  with  the  Tabular  Standard 
it  seems  clear  that  the  natural  gold  standard  mutt  be,  all  the  time,  the  basis  of  the 
prices  whose  average  forms  it.  Being  a  meife  secondary  product,  it  could  never  be 
substituted  for  the  primary.  The  conception  of  reality  or  objectivity  depends 
upon  human  intercourse.  Such  seneations  only  give  the  impression  of  reality  as 
are  capable  of  exact  comparison  as  between  man  and  man.  This  applies  also  to 
the  conception  of  value.  For  such  exact  comparison,  however,  a  common  meetings 
ground  for  human  desires  is  needed.  This  is  furnished  by  the  existence  of  one 
substance  which  is  the  general  goal  of  industrial  effort.  The  Austrian  ^eory  of 
decreasing  degrees  of  utility  ignores  this.  It  has  some  application  to  expenditure 
on  immediate  consumption,  but  only  a  forced  and  unnatural  one  to  business  sales 
and  purchases. 

Though  one  must  begin  with  the  central  fact  of  an  insatiable  desire  for  the 
standard  substance,  the  next  &ct  with  which  we  are  struck  is  its  unlimited  re- 
placeability,  for  the  purposes  of  money,  by  other  substances.  If  a  man  has  a 
document  conveying  to  him  the  immediate  right  to  gold  on  demand,  the  chances 
are  a  hundred  to  one  that  he  will  never  ask  for  the  gold  itself  at  all.  The 
document  will  serve  all  his  purposes  quite  as  well.  Thus  an  immense  mass  of 
substitutes  for  gold  comes  into  existence.  But  in  all  theories  of  demand  and 
supply  fluctuations  in  the  supply  of  substitutes  are  held  to  affect  the  value  of  the 
original  commodity  just  as  much  as  fluctuations  in  its  own  supply ;  and  so  with 
the  standard.  The  more  completely  inviolable,  therefore,  the  gold  standard 
is  maintained  by  legislation,  the  more  effective  do  these  documents  become  as  sub- 
stitutes for  gold,  and  the  more,  consequently,  is  the  volume  of  money  increased. 
This  may  be  considered  in  connection  with  Jevons*  metaphors  of  the  two 
cisterns  connected  by  a  pipe,  and  of  the  two  intersecting  lines  representing  gold 
and  silver  respectively.  The  modem  system  connects  all  commodities  by  pipes 
into  one  great  cistern  called  money,  and  neutralises  all  fluctuations.  It  really 
fulfils  the  ideal  of  the  framera  of  systems  of  multiple  tender.  As  a  product  of 
evolution,  showing  an  interesting  system  of  adaptation  of  means  to  ends,  it  is 
comparable  to  the  human  ear  or  thehuman  eye. 

2.  Some  Notes  on  (he  Output  of  Coal  from  the  Seottish  CoalfieldB. 
By  Robert  W.  Droit,  A.MJnstC.E, 

During  the  last  few  years  there  has  been  a  growing  feeling  of  uneasiness 
regarding  the  duration  of  our  coal  supply,  and  there  is  at  present  a  movement  in 
favour  of  a  further  inquiry  as  to  the  extent  of  the  coal  resources  of  Great 
Britain. 

The  following  considerations  regarding  the  Scottish  coalfield  are  in  most 
cases  applicable  to  the  whole  of  Great  Britain. 

The  output  of  coal  in  Great  Britain  in  the  year  1660  was  about  2,000,000  tons 
per  annum,  and  of  that  quantity  Scotland  probaUy  produced  about  250,000  tons. 
Since  then  there  has  been  a  steady  progression,  untU  now  the  Scottish  output 
amounts  to  Bl,l42fil2  tons  per  aAnum.  The  total  quantity  of  coal  which  has 
been  worked  in  Scotland  up  to  tl^  present  date  may  bs  estimated  at  l,dOO  milliotl 
tons,  and  the  quantity  still  to  work  at  about  10,000  million  totB. 
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During  the  last  400  years  there  have  been  many  alarms  re^rding  the 
approachiDfi^  exhaustion  of  the  coalfields,  with  the  result  that  at  vanous  periods 
laws  have  been  passed  either  totally  prohibiting  the  exportation  of  coal  or  placing 
a  heavy  tax  on  any  coal  exported. 

In  recent  years  the  proportion  of  the  output  which  is  exported  has  increased 
enormously.  In  1861  the  proportion  of  the  output  exported  was  only  6*4  per 
cent.,  whereas  last  year  it  amounted  to  over  20  per  cent.  In  1861  the  home  con- 
sumption per  head  of  the  population  was  about  three  tons  per  annum,  whereas  it 
is  now  over  five  tons  per  uead  of  the  population.  Most  of  the  Scottish  coal 
exports  go  to  the  continent  of  Europe,  ana  aoout  25  per  cent,  of  the  whole  export 
goes  to  (iermany. 

If  the  export  and  home  consumption  are  to  continue  increasing  at  the  present 
rate,  then  by  the  end  of  this  century  the  Scottish  output  will  be  60  million  tons 
per  annum,  and  the  10,000  million  tons  we  have  available  will  be  exhausted  in 
about  180  years.  If  all  the  coalfields  were  producing  coal  in  the  same  proportion 
to  their  area  as  in  Lanarkshire,  the  output  of  Scotland  would  be  60,000,000  tons 
per  annum.  Such  an  output  will  never  be  required,  because  methods  will  be 
found  to  use  the  coal  much  more  economically  than  at  present,  so  that  one  ton  of 
coal  will  do  the  work  for  which  two  tons  are  now  reauired,  and  in  that  way  the 
dmration  of  the  coalfields  will  be  prolonged  indefinitely.  A  great  deal  of  coal  is 
being  wasted  in  the  working,  and  in  shdts  and  bores  many  thin  seams  are  being 
passed  through  of  which  no  national  record  is  kept.  There  should  be  a  Govern- 
ment department  for  the  inspection  of  systems  of  working  and  for  the  preservation 
of  exact  records  of  all  shafts  and  bores. 

More  than  one-half  of  the  Scottish  output  comes  from  the  Lanarkshire  coal- 
field, and  at  the  present  rate  all  the  coals  in  that  county  will  be  exhausted  in 
forty  years ;  but  within  twelve  or  fifteen  years  all  the  thick  and  easily  wrought 
seams  of  the  Clyde  basin  will  be  worked  out.  This  is  not  such  a  serious  matter 
for  the  population  of  Glasgow  and  the  west  of  Scotland  as  at  first  sight  it  might 
appear.  The  royalties  payable  on  these  coals  are  from  Qd,  to  Is.  Qd,  per  ton 
hic^her  than  are  payable  on  similar  coals  in  the  outlying  districts.  As  the  Lanark- 
shire coals  become  exhausted  less  money  will  be  paid  to  the  landlords  and  more 
to  the  railway  companies,  but  the  net  result  will  not  be  any  very  serious  increase 
in  the  cost  of  fuel. 

The  royalties  at  present  being  paid  in  Scotland  vary  from  2^<2.  to  2s.  per  ton, 
or  on  a  sliding  scale  from  tf^  to  ^  of  the  selling  price.  From  the  report  of  the 
Boyal  Commission  on  Mining  Royalties  it  appears  that  the  average  royalty  pay- 
able in  Scotland  in  1891  was  6'54/i.  per  ton. 

The  average  profit  earned  by  the  coalmasters  under  normal  conditions  is  &d. 
per  ton. 

Coal-cutting  machines  have  been  in  use  in  Scotland  for  over  thirty  years,  and 
last  year  529,701  tons  were  produced  by  that  method.  It  is  not  ignorance  or 
prejudice  which  prevents  the  more  extensive  use  of  these  labour-saving  appliances, 
but  the  physical  conditions  under  which  most  of  the  seams  are  now  b^ng  worked. 
In  practically  everv  case  where  coal-cutting  machinery  can  be  used  to  advantage 
it  has  been  adopted;  but  in  the  future  it  may  come  to  be  more  largely  used  when 
thinner  seams  are  opened  up. 

The  annual  output  per  man  employed  is  860  tons.  In  U.S.  America  it 
amounts  to  400  tons,  but  in  Germany  it  is  only  270  tons  per  man. 

The  greatest  depth  from  which  coal  is  being  worked  in  Scotland  is  2,700  feet 
below  the  surface. 


3.  The  Grotvih  and  Geographical  Distribution  of  Lunacy  in  Scotland, 
By  J.  F.  Sutherland,  M.D, 

The  lunacy  forming  tbe  subjectr-matter  of  this  communication  is  what  is  known 
as  '  pauper  lunacy,'  an  unfortunate  and  misleading  term  in  so  far  as  it  refers  to 
the  lunacy  arising  in  60  per  cent,  of  the  population,  whereas  indigency,  ptupeiiBm, 
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destitution,  and  delinquencjr  account  for  about  10  per  cent,  of  the  population, 
and  affluence  for  the  remaining  10  per  cent. 

The  maintenance  of  a  pauper  lunatic  in  an  institution  calls  for  an  annual 
expenditure  of  30/.,  a  sum  beyond  the  reach  of  80  per  cent  of  the  population. 

The  lunacy  statistics  of  tiie  last  two  decades  contrasted  and  the  geographical 
distribution  of  lunacy  (1901)  set  out  (vide  shaded  map). 

Between  the  lunacy  ratios  of  the  four  main  areas  of  Scotland  with  economic, 
ethnic,  and  geographical  differences  there  are  percentage  differences  respectively  of 

94, 72',  aDd  62.1  ..,«.,,  .        . 

Controversion  of  views  put  forward  to  the  effect  that  lunacy  is  going  up  by 
leaps  and  boimds,  views  suggebtive  of  a  state  of  matters  not  without  risk  to  the 
national  well-being.  ,       .    ,  .  ,    ,  .       .,, 

Acceptance  of  proposition  that  m  large  areas  of  country  the  lunacy  ratio  will 
not  vary  except  within  certain  narrow  limits. 

Explanations  of  the  enormous  ratio  differences  as  well  as  of  the  growth  of 
lunacy  aie  to  be  found  in  a  consideration  of  the  following  five  factors  in  the  order 
of  their  respective  importance. 

First  and  most  dgnificant  is  the  economic  one  suggestive  of  a  widely  different 
relative  capacity  on  the  part  of  householders  in  different  counties  to  maintain  the 
insane  without  the  aid  of ^ the  public  purse  in  whole  or  in  part. 

Second. The  migration  and  emigration  of  the  strong  from  rural  and  insular 

districts  to  centres  of  population  results  in  the  feeble  products,  mental  and 
physical,  of  the  birth-rate  being  left  behind  in,  as  a  rule,  stationary  or  dwindling 
populations. 

Third. The  death-rate  under  5,  nearly  three  times  greater  m  centres  than  in 

rural  districts,  has  the  effect  of  removing  hundreds  of  lunatics  who,  had  they  sur- 
vived the  neglect,  injudicious  dieting,  exanthematous  diseases,  &c.,  incidental  to 
child  life  in  industrial  centres,  would  have  augmented  the  statistics  of  lunacy  in 
such  centres  (vide  shaded  map). 

Fourth.— The  conditions  of  modem  life,  with  its  imparalleled  competition  in 
every  walk,  abuse  of  alcohol  and  tea,  errors  of  diet,  &c.,  setting  up  a  deranged 
metabolism  and  disturbing  mental  equilibrium  never  stable. 

Fifth.— The  views  of  the  medical  profession  as  to  what  constitutes  certifiable 
lunacy  suggestive  of  a  vndened  and  widening  portal  to  oflicial  re^sters  (senility, 
slight  imbecility,  eccentricity,  &c.). 


FRIDAY,  SEPTEMBER  13. 

The  following  Papers  were  read  :— 

1.  Shipping  Subsidies.^    By  Benedict  William  Ginsburg,  M.A,,  LL.D, 

The  importance  from  a  national  point  of  view  to  a  manufacturing  and  foreign- 
food -consuming  power  like  Great  Britain  of  the  maintenance  of  her  maritime  power 
is  self-evident.  In  that  term  *  maritime  power '  must  be  included  the  supply  of  a 
sufficiency  of  ships  to  carry  on  the  nation's  commerce.  In  considering  the  subject  it 
is  necessary  first  to  consider  the  adequacy  or  otherwise  of  the  supply  of  ships  whose 
individual  characteristics  render  them  useful  as  auxiliaries  to  the  navy  in  time  of 
war,  and  secondly  to  regard  the  conditions  under  which  exist  the  great  bulk  of  the 
vessels  of  the  mercantile  marine — vessels  whose  individual  characteristics  do  not 
matter  to  the  nation,  but  which  nevertheless  fulfil  the  important  function  of  shifting 
the  great  bulk  of  its  traffic.  On  the  first  point,  whilst  France,  Germany,  and  Russia 

*  The  extreme  ratios  for  the  counties  is  represented  by  Argyll  with  69  per  10,000 
of  population,  and  Dumbarton  with  19,  the  percentage  difference  being  210. 

»  The  paper  is  published  in  extento  in  the  Journal  of  the  R&yal  Statistical  Society  ^ 
September  1901. 
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are  largely  increasing  their  supply  of  high-speed  ocean  steamers,  this  country  shows 
little  progress  in  this  direction ;  whilst  the  more  recent  yessels  huilt  for  British 
mail  companies  are  not  eqiuil  in  speed  either  to  those  of  Germany  or  eyen  to 
those  formerly  huilt  for  our  own  lines.  On  this  account  it  might  weft  be  desirabk 
for  military  reasons  for  our  Government  to  consider  the  advisability  of  increasing 
its  inducements  for  building  high-speed  ships. 

The  British  shipowner  works  under  certain  natural  and  economic  conditions  of 
a  fayourable  nature.  But  he  is  placed  under  many  statutory  disabilities.  Yet 
some  of  the  restrictions  under  which  he  labours  are  not  whoUy  to  his  disadyan* 
tage,  since  his  percentage  of  loss  is  lower  than  that  of  unregulated  marines,  and 
this  fact  should  assist  him  in  placing  his  insurances  at  alow  premium.  The  natural 
tendency  of  improvements  in  ship  building  and  marine  engineering  is  towards  the 
gradual  extinction  of  the  sailing  ship.  In  our  own  country  this  natural  movement 
goes  on.  In  Italy  and  France  an  attempt  has  been  made  to  revive  this  trade  by 
means  of  construction  and  navigation  bounties.  France  has  achieved  some  success 
in  this  direction.  But  it  is  doubtful  how  far  the  shipowner  really  will  benefit 
from  the  construction  bounty,  and  no  one  would  be  likely  to  suggest  its  adoption 
here. 

The  notable  increase  in  size  and  cost  of  modem  steamships  seems  to  tend 
towards  a  large  concentration  of  the  trade  in  the  hands  of  big  companies  and  lines. 

Ocmipetition  between  the  steamship  lines  of  different  countries  has  of  recent 
years  developed,  whilst  the  cost  of  national  support  to  the  competitors  has  very 
largely  increased.  Some  of  the  results  achieved  have  been,  at  least  as  yet,  quite 
insuiequate  to  the  efforts  made,  whilst  a  good  deal  of  foreign  money  is  certainly 
being  thrown  away  in  the  attempt  to  foster  national  trade.  Some  success  is  un- 
doubtedly being  achieved  by  the  German  policy  of  making  the  State  assist  in  the 
unremunerative  work  of  pushing  trade  in  new  channels. 

This,  perhaps,  the  British  Government  could  not  be  expected  to  do.  But  com- 
bined action  on  a  large  scale  amongst  British  shipowners  might  enable  them  to  do 
that  for  themselves  which  foreign  shipowners  have  done  for  them  by  theur  Gbvem- 
ments. 


2.  Thirty  Tears'  Export  Trade,  British  and  Irish  Produce,  1870-99. 
By  Barnaed  Ellinger. 

Comparisons  of  one  period  of  our  export  trade  with  another,  based  on  sterling 
returns  of  isolated  years,  are  unsatisfactory  because  the  alteration  of  prices  is  not 
taken  into  contdderation,  and  frequently  the  years  compared  are  years  of  different 
degrees  of  prosperity 

GomparisoDd  of  the  annual  averages  of  decades  have  therefore  been  used  in  this 
paper  as  being  more  eatist'actory  than  shorter  periods,  embracing  as  they  do  the 
whole  cycle  of  trade  expansion  and  depression. 

If  thrt  alteration  of  price  is  taken  into  consideration,  the  comparison  is  of  course 
more  satisfkctory  ;  but  the  most  satisfactory  comparison  is  on  a  basis  of  quantity, 
always  making  reservations  for  possible  alterations  of  quality. 

It  is  obviously  impossible  to  satisfactorily  compare  quantities  of  such  commodi'* 
ties  as  machinery,  chemical  products,  millinery,  &c. ;  but  on  comparing  the  export 
of  eighteen  of  our  chief  export*»d  commodities  in  1890-99  with  1870-79  (each  of 
which  commodities  was  in  some  year  of  the  period  exported  to  the  value  at  least 
2,OiK),000/.)  we  find  the  average  ot  the  Quantity  exportt^d  annually  during  the  later 
decade  was  26  per  cent,  larger  than  in  the  earlier. 

The  sterling  value  of  the  eighteen  commodities  is  about  51  percent,  of  our  total 
trade,  and  the  remaining  49  per  cent,  (of  which  comparisons  of  quantity  cannot  be 
made)  show  an  increase  of  37  per  cent,  in  sterling  value  exported. 

The  average  annual  value  of  our  exports  of  1890-90  was  19,000,000?.  greater 
than  in  1870-79. 

The  average  annual  value  exported  per  head  of  the  population  in  1690^99  was 
5*6  per  cent,  less  than  in  1870-79;  but  if  it  is  assumed  that  the  25  percent  gain  in 
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quantity  on  the  eighteen  oommoditiee  (being  61  per  cent,  of  our  total  export) 
holds  good  for  the  rest  of  our  export,  we  h&Te  an  annual  average  inerease  of  quan- 
tity exported  per  head  of  population  of  nearly  9  per  cent. 

Prices  of  imports  having  fallen  more  in  the  period  under  review  than  prioes  of 
exports,  the  comparatively  small  total  increase  in  value  exported  is  not  of  substan- 
tial importance  if  the  increase  of  quantity  is  satisfactory,  as  it  is  this  latter  factor 
which  denotes  the  amount  of  employment  found  for  our  people  by  this  branch  of 
trade. 

Another  objection  to  relying  on  comparisons  of  value  is  that  the  returns  under 
this  head  are  probably  inexact  to  a  considerable  extent  both  for  imports  and 
exports,  and  although  the  error  may  partially  correct  itself  over  large  Quantities, 
comparisons  of  the  details  of  the  trade  are  at  all  events  on  this  ground  unsatis- 
factory. 

The  error  both  in  imports  and  exports  is  probably  a  growing  one,  owing  to 
increasing  laxity,  and  also  owing  to  the  growth  of  the  export  business  now  done  on 
a  O.I.F.  basis,  which  exports  would  appear  to  be  largely  entered  for  Customs  pur- 
poses on  a  C.I.F.  valuation  instead  of  an  F.O.B.  valuation. 

The  probable  extent  of  the  error  is  a  subject  which  might  be  investigated  by 
the  Chambers  of  Commerce  of  this  country. 

The  error  on  graded  qualities  of  such  imports  as  wheat  and  cotton  is  probably 
small,  Customs  authorities  being  able  to  fairly  well  control  these  valuations. 

Of  the  eighteen  commodities  selected  eleven  have  increased  in  quantity  over 
1890-90  as  compared  with  1870-79 :  these  are  woollen  and  worsted  yarns,  spirits, 
copper  ingots  cakes  and  bars,  cotton  goods  (bleached  and  unbleached),  cotton  goods 
made  of  dyed  yarns, '  dyed  and  printed,'  cotton  yam,  and  coal. 

In  one  or  two  cases,  however,  notably  in  yam,  the  Qomparison  between  1890-99 
and  1880-89  is  not  so  satisfactory. 

One  commodity,  namely,  pig  and  puddled  iron,  has  remained  stationary,  com* 
paring  1870t-79  with  1890-99 ;  and  over  the  same  period  woollen  and  worsted 
tissues,  railSf  bar  angle  bolt  and  rod  iron,  linen  yam,  linen  piece  goods,  beer,  and 
ale  show  decreases  in  the  average  annual  quantity  exported. 


3.  The  Theory  of  Progressive  Taxation,     By  G.  Cassbl. 

Expenses  which  are  made  in  the  general  interest  of  the  State,  and  which  are 
not  to  the  particular  advantage  of  any  special  group  of  citizens,  must  be  paid  for 
by  taxes  according  to  the  *  Principle  of  Ability,*  of  which  the  income-tax  might 
be  regarded  as  the  type.  But  in  the  parliamentary  state,  where  the  interested 
classes  are  voting  the  taxes  themselves,  this  cannot  be  enforced  unless  the  income- 
tax  is  so  constructed  as  to  cause  every  class  of  taxpavers  an  equal  aaerijioe. 

Equai  sacrifice  means  deduction  of  such  part  oi  the  income  which  is  necessary, 
not  only  for  the  physical,  but  also  for  the  economic,  the  professional  existence  of 
the  taxpayer,  i.e.,  deduction  of  the  *  necessaries  of  efficiency '  (Marshall),  and  taxing 
the  remainder  of  the  income  at  a  constant  rate. 

Every  progressive  scale  of  taxation  can  be  obtained  by  the  method  of  granting 
tax-free  deductions  to  the  diifer^ut  incomes,  and  taxing  the  remainders  at  a  constant 
rate.  Thus  there  is  no  difference  in  principle  between  a  progressive  and  a  '  degres- 
sive '  scale.  And  we  need,  in  the  theory  of  progresFive  taxation,  not  discuss  any 
other  question  than  what  ditferent  deductions  shall  be  allowed  to  the  different 
incomes. 

The  subject  of  the  discussion  thus  fixed,  we  proceed  to  apply  the  Principle  of 
Equal  Sacrifice,  interpreted  as  above.  For  everyone  who  accepts  this  principle 
the  whole  problem  of  progressive  taxation  reduces  itself  to  the  question :  What  are 
the  *  necessaries  of  efficiency  *  for  each  class  of  the  society  F  But  in  the  limits ' 
thus  given  to  the  discussion  there  is  room  enough  for  very  divergent  views,  from 
the  conservative  one  which  thinks  the  real  necessities  of  the  labourer  to  be  very 
amallj  and  which  leads  to  a  nearly  proportional  taxation,  to  the  modern  4emocrat(p 
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view,  wlilcli  thinks  the  labourer's  neoessities  of  efficiency  to  be  comparatively  very 
high,  and  which  leads  to  a  strong  progression. 

As  type  for  the  usual  scales  of  progressive  taxation  the  following  scheme  may 
serve : — 

Incomes  from         Os,  till     bOOs.  pay  0  per  cent. 

500*.    „    2,500if.    „   1 

„  „       2,500«.    „     8,500*.     „  2         „ 

„  „       8,500*.    „  20,500*.    „  3        „ 

„     above  20,500*.  4        „ 

The  scale  is,  from  a  technical  point  of  view,  very  crude,  involving  discon- 
tinuities in  taxation  at  every  rung  of  the  ladder.  We  can  avoid  these  if  vre  state 
that— 

The      600  first  *.  of  every  income  pay  0  per  cent, 
„      2,000  next*.  „  „         1        „ 

„      6,000      „  „  „         2        „ 

All  following  *.  „  „         4        „ 

But  this  scale  can  just  as  well  be  obt^ned  by  the  method  of  deductions ;  we 
have  only  to  state  that — 

The  first      600*.  shall  have  the  right  to  deduce  100  per  cent. 
„    next    2,000*.  „  „  „  76        „ 

„      „       6,000*.  „  „  „  60        „ 

„       „    12,000*.  „  „  „  26        „ 

All  following  *.  „  „  „  0        „ 

and  that  of  the  remainders  a  constant  rate  of  4  per  cent,  shall  be  paid.  Generally, 
if  in  the  different  groups  the  tax  is  to  be  paid  at  a  rate  of  /ij,  p^,  P^*-'Pn 
per  cent.,  the  same  result  can  be  obtained  by  levying  the  tax  at  a  constant  rate  F^ 
not  lees  than  any  of  the  p,  but  granting  deductions  within  the  different  groups  of 
lOOJP-2,)  p,,  ^„t.,100(P-^  ^^  ^^^^  ^^^^^ 

However,  even  this  method  is  primitive,  and  involves  too  much  arbitrariness 
in  fixing  the  deductions  for  the  different  incomes.  It  is  better  to  let  the  deduction 
y  increase  with  the  income  a:  as  a  function  of  the  form 

This  contains  three  independent  elements,  to  which  comes  the  constant  tax- 
percentage  P,  so  that  the  arbitrariness  of  the  progressive  scale  now  is  reduced  to  the 
choice  of  four  elements.  We  denote  by  e  the  tax-free  mirdmum  of  mbsistenee,  by 
em  the  upper  limit  of  the  deductions,  i.e.,  of  the  necessaries  of  efficiency,  and  call 
it  the  maaimum  of  subsistence ;  the  arithmetical  medium  between  these  two  is  the 

*  medium  of  subsistence,'  and  is  equal  to  e—"^—.    We  denote  further  by  u  and 

V  the  income  and  the  deduction  counted  in  6  as  a  unity,  so  that  x^eu  and  y  =*  ev» 
AVe  can  then  put 


^         ^u+n-2 


where  n  signifies  that  value  of  the  income  u,  for  which  the  deduction  is  equal  to 
the  medium  of  subsistence.  Thus  we  have  arrived  at  a  set  of  formulas  where 
each  of  the  four  constants  n,  m,  e,  and  P  has  a  clear  and  definite  sense. 

We  can  reduce  the  arbitrariness  involved  in  the  construction  of  a  proflressive 
acale  stiU  more  if  we  decide  once  for  all  that  n  »  m  + 1,  i.e.,  tb&t  the  iQeaiam  of 
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subBistence  sh&II  be  deduced  from  an  income  twice  as  large*    We  have  then  tbe 
following  formulas  to  calculate  the  tax  a : 

u  +  m-i 

The  complete  fixation  of  a  progressive  scale  of  taxation  involyeSi  then,  only  the 
choice  of  three  elements,  viz. — 

The  minimum  of  subsistence  e ; 

the  maximum  of  subsistence  em ;  and 

the  constailt  tax-percentage  P. 

The  first  and  third  of  these  elements  must  always  be  decided  upon  by  any 
income-tax ;  thus  the  progressive  scale  increases  the  number  of  arbitrary  elements 
only  by  one,  and  this  one  has  a  quite  definite  sense,  viz.,  the  upper  limit  of  the 
necessaries  of  efficiency  of  any  group  of  society.  In  spite  of  this  extreme  reduction 
of  the  arbitrariness,  tnere  remains  still  room  enough  for  every  sensible  view  of 
progressive  taxation. 

4.  British  AgrieuUn/re.     By  Professor  Bobert  Wallace. 

The  nineteenth  century  may  be  divided  into  six  very  distinct  periods,  in  which 
prosperity  and  adversity  to  agriculture  succeeded  each  other  alternately. 

(1)  During  the  first  fourteen  years  great  agricultural  activity  prevailed,  owing 
to  the  abnormally  high  prices  of  com.  All  classes  associated  with  land  benefited, 
but  the  landlords  most. 

(2)  The  next  twenty  years  was  a  time  of  agricultural  depression,  although  the 
price  of  wheat — 66s.  2d,  per  quarter — in  1836  was  more  than  double — 26$.  Ih/.— 
the  price  in  1900.    Bones  roughly  broken  were  first  used  as  manure. 

(3)  The  abolition  of  the  Com  Laws  in  1846,  during  the  succeeding  period  of 
twelve  years  of  prosperity,  did  not  ruin  agriculture,  as  was  expected.  [Peruvian 
guano,  dissolved  bones,  and  dissolved  mineral  phosphates  were  first  employed  as 
manure,  and  in  1843  Rothamsted,  the  greatest  experimental  station  in  the  world, 
was  opened,  to  be  ultimately  endowed  by  Sir  John  Lawes. 

(4)  The  fourth  short  period  of  temporary  but  severe  depression — 1849  to  1862 
— opened  with  a  sudden  drop  in  the  price  of  wheat.  Sir  James  Caird  advocated 
high  farming,  which  was  applauded  as  usua^  by  people  generally,  but  not 
followed  by  the  tenants. 

(6)  Twenty-two  years— 1863  to  1874 — of  great  agricultural  prosperity 
followed,  but  economy  was  not  sufficiently  studied  by  either  tenants  or  proprietors. 
Eeliable  agricultural  returns,  dating  from  1870,  when  compared  with  the  corre- 
sponding figures  of  1900,  show  a  decrease  of  arable  land  in  the  United  Kingdom 
of  2,600,0(K)  acres,  but  a  concurrent  increase  of  4,600,000  acres  of  permanent 

?asture.  The  rage  for  steam  ploughing  and  steam  digging  began,  but  not  till 
898,  when  Darby  introduced  a  steam  digger  having  a  horizontal  rotary  motion  in 
its  digging  parts,  could  mechanical  motive-power  field  cultivation  be  pronounced 
financiaUy  successful.  The  success  of  the  string-binding  reaper  dates  from  1870. 
But  it  was  1900  before  the  McCormic  Company  produced  at  the  Paris  Exhibition  the 
Auto-Mower.  By  the  end  of  the  century  the  oil  engine  had  become  the  cheapest 
stationary  source  of  power  on  the  farm.  A  cycle  of  good  seasons  greatly  contri- 
buted to  the  measure  of  prosperity  during  this  period.  The  average  yield  of 
wheat  in  Britain  during  the  sixties  was  thirty  bushels  per  acre,  and  the  record 
yield  of  1863  was  thirty-nine  bushels. 

(6)  The  last  long  depression  which  closed  the  century  began  about  1875,  and, 
|n  common  with  the  dislocation  of  the  general  trade  of  tl^e  country,  was  largely 


Digitized  by 


Google 


748  REPORT — 1901. 

due  to  curreney  influences;  but  also  to  bad  seasons  and  to  fbvsifn  eompstiti<n. 
Althougrh  the  active  currency  influence  has  passed,  by  ii  apprioultui^  has  been  left 
in  an  inferior  position  as  compared  with  other  industries,  which  were  more  readily 
able  to  adjust  themselves  to  altered  currency  conditions.  Agricultui-al  capital 
was  immensely  reduced  during  the  period ;  but  along  with  the  material  shrinKafEe 
there  were  many  important  developments  made.  Miss  Ormerod,  between  1877 
and  1901,  laid  the  foundation  of  the  subject  of  economic  agricultural  entomology. 
John  Garton,  of  Newton -le- Willows,  b^fan  in  1880  the  system  of  multiple  cro^ 
breeding  of  plants  which  has  resulted  in  the  production  of  an  infinite  number  of 
improved  breeds  of  crop  plants ;  agricultural  shows  have  become  more  numerous 
and  successful ;  the  cream  separator  (the  Alfa  Laval,  &c.)  has  reyolutionised  the 
butter  trade ;  the  advantages  of  the  system  of  ensilage  have  been  demonstrated ; 
Thomas's  phosphate  powder  has  been  employed  to  encourage  clover  and  improve 
permanent  pastures ;  the  spraying  of  potatoes  with  Bordeaux  mixture  to  prevent 
disease,  and  of  grain  crops  with  3  per  cent,  solutions  of  sulphate  of  copper  to 
destroy  charlock,  have  both  been  suooessful ;  Hellriagel  and  Wilforth  demonstrated 
the  power  of  leguminous  crops,  acting  in  symbiotic  relations  with  minute  organisms 
livli^  in  the  wart-like  processes  of  their  roots,  to  fix  the  free  nitrogen  of  uie  air ; 
the  systems  of  rotation  of  crops  have  also  been  revolutionised* 

Some  of  the  difficulties  with  which  farmers  have  to  contend  are  the  increase  of 
'  aubury '  in  turnips,  the  development  of  a  bacterial  disease  on  the  swede  crop,  and 
the  ever-increasing  difficulty  of  the  rural  exodus,  and  the  scarcity,  inefficiency,  and 
dearness  of  labour,  aggravated  by  an  imperfect  system  of  eduoation  ^r  children 
in  rural  districts, 

5.  Food  and  Land  Tenure,    By  E.  Atkinson. 


SATURDAY,  SEPTEMBER  14. 
The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  16. 
The  foUowing  Papers  were  read  :— 

1.  A  Btuiness  Man  on  Supply  and  Demand,    By  T.  S.  Crsb. 

Mr.  Gbschen,  some  time  ago,  expressed  regret  that  there  was  so  little  sympathy 
between  business  men  and  economists.  This  want  of  sympathy  is  traceable  to  a 
departure  by  some  of  our  economists  from  certain  views  formerly  held  both  by 
economists  and  business  men,  and  still  generally  held  by  the  latter. 

A  chief  prindple  of  all  sound  economics  is  the  law  of  supply  and  demand ;  the 
law  that  supply  and  demand  are  always  tending  to  an  eqiuihty  at  a  certain  exact 
point  in  price.  That  law  has  come  to  be  questioned :  John  Stuart  Mill  accepted 
a  correction  of  it,  namely,  that  the  equality  was  established,  not  at  an  exact  point 
in  price,  but  that  several  different  prices  might  satisfy  the  law,  which,  indeed,  only 
brought  the  price  to  a  kind  of  tableland  where  it  ceased  to  be  operative,  leaving  a 
considerable  rangs  of  price  to  be  determined  by  other  forces  than  the  operation  of 
the  law  of  supply  and  demand.  Mill  held  vrith  Thornton  that  in  tne  labour 
market,  in  fighting  for  a  share  of  that  indetermined  range  of  price,  the  employers 
possessed  so  great  an  advantage  by  having  the  initiative  in  naming  the  price  that 
nothing  but  a  strong  combination  of  workmen  could  give  the  workers  even  a  chance 
of  suecessfblly  holding  thdr  own  against  the  employers. 
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It  is  held  in  tbis  paper  that*  there  is  not  an  inch  of  ground  where  the  law  of 
supply  and  demand  oeases  to  operate :  it  is  a  law  of  tendency  only,  but  always  to 
an  exact  j^otn^y  not  to  a  plane  of  prices.  Mill's  correction  is  not  only  unnecessary 
but  untrue  in  fa<'t.  The  initiative  ix  not  an  advantage,  but  a  disadvantage  in 
bargaioing.  Though  the  law  of  supply  and  demand  does  not  fix  the  terms  of 
every  individual  bargain  exactly,  Mr,  Miirs  remedy,  combination ,  greatly  increases 
the  area  of  indeterminateness. 

Mr.  Alfred  Marshall  in  his  *  Economics  of  Industry '  says  that  an  employer  is  a 
much  larger  unit  than  his  men  individually ;  that  the  workmen  are  poor  and  known 
to  have  no  reserve  price ;  and  that  therefore  union  among  the  men  is  necessary. 
These  propositions  cannot  be  accepted.  Wages  are  not  low  because  workers  are 
poor  and  imcombined,  but  because  there  are  many  competing  for  the  job. 

Mill  and  Marshall  are  wrong  in  approving  of  trades  unions,  and,  as  Mill  puts 
no  limits  to  the  area  in  which  he  holds  the  law  to  be  inoperative,  we  might  suppose 
that  area  to  be  indefinitely  large ;  it  might  indeed  cover  almost  the  whole  field, 
and  the  law  of  supply  and  demand  be  banished  from  all  discussion  of  labour 
questions. 

And  it  is  the  case  that  in  the  economic  journals,  in  the  writings  of  the 
younger  economists  and  in  the  constitutions  of  societies  to  help  the  working 
classes,  the  idea  of  there  bein^  a  law  working  automatically  to  a  just  and  satis* 
factory  division  is  almost^  if  not  auite,  absent.  Satisfactory  division  is  to  be 
secured  through  investigations  into  tacts  and  statistics,  and  a  Government  depart- 
ment is  suggested  to  collect  these,  which  one  economist  speaks  of  as  ^  a  neoessary 
preliminary  to  all  social  progress.* 

This  view  is  held  to  be  erroneous.  Investigations  are  not  required  to  give  us 
the  proper  price  of  iron  or  cotton,  and  there  is  no  good  reason  why  they  should  be 
necessaiT  in  regard  to  the  wages  of  labour.  Adam  Smith  had  hardly  any  figures 
and  no  facts  but  such  as  were  patent  to  everybody. 

The  want  of  belief  in  this  equalising  law  of  supply  and  demand  is  shown  in  the 
ready  acceptance  of  complaints  of  grievances  in  particular  trades.  It  is  forgotten 
that  all  trades  have  peoiuiar  conditions,  but  that  all  tend  to  an  equality  of  iMlvan- 
tage ;  that  the  so-called  grievance  is  certainly  counterbalanced  by  some  advantage. 

No  human  power  coidd  make  such  investigations  as  would  enable  it  to  ms^e 
a  just  distribution  of  the  products  of  industry.  Omniscience  and  omnipotence 
would  be  needed  for  the  task,  and  the  law  of  supply  and  demand  alone  has  these 
qualities.  A  belief  in  the  beneficent  and  effective  operation  of  that  law  in  the 
labour  market  and  the  practical  repudiation  of  it  by  economists  and  philanthro- 
pists is  the  chief  diflPerence  between  these  classes  of  which  Mr.  Goschen  spoke. 


2.  Ths  Decline  of  NcUality  in  Great  Britain. 
By  Edwin  Caknan,  M,A,i  LL.D. 

Between  1876  and  1900  the  birth-rate  of  England  and  Wales  fell  ftom  86  to 
29*3  per  thousand,  but  as  this  rate  is  calculated  on  the  whole  population,  it  cannot 
be  trusted  to  show  changes  in  natality.  These  may  be  measured  roughly  by 
comparing  the  births  of  each  year  with  the  number  of  persons  born,  say,  twenty-six 
years  before.  The  ratio  of  the  births  of  1877  to  those  of  1851  was  144  to  100. 
Since  then  the  ratio  has  fallen  steadily,  till  that  of  1900  to  1874  was  only  108*3 
to  100.  The  ratio  between  the  births  and  the  survivors  of  the  persons  born 
twenty-six  years  before  and  still  remaining  in  this  country  probaoly  fell  still 
more. 

The  decline  of  natality  does  not  seem  to  have  been  due  to  a  decline  of  nuptiality, 
but  to  the  fact  that  the  average  number  of  children  resulting  from  each  marriage 
has  diminished.  To  compare  the  marriages  of  each  year  with  the  births  in  that 
year  is  misleading,  but  it  is  possible  to  get  a  useful  result  by  substituting  for  the 
marriages  of  each  year  a  figure  in  which  due  weight  is  given  to  the  marriages  of 
previous  years.  The  following  table  gives  the  ratio  between  the  legitimate  births 
of  each  year  and  a  weighted  marriage  figure  equal  to  the  sum  of  2*6  per  cent,  of 
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the  marriages  of  that  year,  20  per  cent,  of  those  of  the  preTloua  year,  17*5  per  cent, 
of  those  of  the  year  Wore  that,  and  so  on,  with  percentages  of  15, 12*5, 10,  7*5, 
6,  3*75,  2*5, 1'75, 1*25,  and  0*75.  It  will  be  seen  that  the  ratio  or  number  of 
children  per  marriage  has  fallen  from  4*36  in  1881-1884  to  3*74  in  1899,  and 
about  8*63  in  1900:— 


Year 

Rfttio 

Year 

Ratio 

Year 

Ratio 

1   Year 

Ratio 

1851 

3-92 

1864 

4*17 

1877 

4-30 

1890 

4-08 

1852 

401 

1865 

4-14 

1878 

4-30 

1891 

4-21 

1858 

3-87 

1866 

4'09 

1879 

4-28 

1892 

4-06 

1864 

HSO 

1867 

410 

1880 

4-34 

1893 

406 

1856 

3-85 

1868 

416 

1881 

4-36 

1894 

3-90 

1856 

3-97 

1869 

4-09 

1882 

4*36 

1895 

4-01 

1857 

3-97 

1870 

4-19 

1883 

4-35 

1896 

3-94 

1868 

3-90 

1871 

419 

1884 

4-36 

1897 

3-88 

1859 

410 

1872 

4-29 

1885 

4-27 

1898 

3-80 

1860 

4-01 

1873 

4-22 

1886 

4-32 

1899 

3-74 

1861 

403 

1874 

4-26 

1887 

4-24 

1900 

3-63 

1862 

415 

1876 

4-18 

1888 

4-20 

1863 

416 

1876 

4-31 

1889 

4-21 

The  natality  of  Scotland  fell  in  the  same  period  from  the  same  caaae,  though 
the  fall  was  not  quite  so  great. 

There  is  no  reanon  to  regret  the  approach  of  a  time  when  the  populaticm  of 
Great  Britain  will  become  stationary,  but  the  cessation  of  the  overflow  of 
population  from  Great  Britain  is  a  serious  matter  for  the  British  empire,  as  the 
natfdity  of  the  British  colonial  population  is  low  and  diminishing. 


3.  The  Significance  of  the  Decline  in  the  English  Birth-rate, 
By  Charles  S.  Devas. 

Great  increase  of  population  in  England  shown  by  the  recent  census — Character 
of  increase  requires  examination — Decline  of  the  natural  rate  of  increase  a  result 
of  the  decline  of  the  birth-rate — ^This  decline  persistent  in  spite  of  a  higher 
marriage  rate — Likeness  to  the  decline  of  the  birth-rate  in  France,  in  North 
America,  and  in  Australasia — Analogous  decline  among  the  Greeks  of  the  aecond 
century  B.C.  described  by  Polybius — How  he  accounts  for  it — Similar  decline 
among  the  Eomans  of  the  classical  period — ^In  the  six  cases  of  Greece,  Rome, 
France,  America,  England,  and  Australasia  one  common  antecedent  to  the  decline 
of  the  birth-rate  is  obseryable,  namely,  decay  of  religious  beliefs — Deductive 
reasoning  supports  the  inductive  conclusion  of  a  connection  between  the  two 
phenomena — How  far  John  Stuart  Mill's  anticipations  on  population  have  been 
realised  ip  England — Grounds  alleged  for  the  slow  increase  of  the  French  popula* 
tion— Possible  special  causes  of  low  birth-rates — Striking  difference  of  opinion  on 
'v^'hether  a  low  birth-rate  \&  desirable  or  not — Problems  before  us. 


4.  Correlation  of  the  Marriage-rate  and  Trade}  By  R.  H.  Hooker,  MJL, 

The  application  of  the  theoiy  of  correlation  to  economic  phenomena  frequently 
presents  many  difficulties,  and  most  fallacious  deductions  may  easily  be  drawn 
from  its  careless  use,  notably  with  regard  to  such  phenomena  as  involve  the 
element  of  time.    The  usual  formula  adopted  for  testing  the  correspondence  of 

two  series  of  variables  is  r«  S^'^^H  ?  in  which  x.,  x^  are  the  deviations  of  two 

corresponding  observations  from  the  averages  of  the  series,  and  ir,,  o-,  are  the 

>  Published  in  extetuo  in  the  Journal  qfthe  BoyaX  Statistioal  Society,  Sept,  1901, 


Digitized  by 


Google 


TRANSACTIONS  OF  SECTION  F.  751 

Standard  deviations.  Bnt  this  correlation  will  clearly  only  giye  an  indication  of 
the  correspondence  of  the  general  movements  of  two  curves ;  whereas  the  minor 
movements  may  be  intimately  connected,  although  the  general  movements  may  be 
^uite  different.  It  appears  possible  to  slightl^r  modify  the  usual  method  of  correla- 
tion so  as  to  eliminate  the  general  movement  in  the  special  case — of  very  frequent 
occurrence — ^where  the  phenomena  exhibit  a  regular  periodic  fluctuation,  and  to 
correlate  the  oscillations.  All  that  b  necessary  for  this  purpose  is  to  replace  the 
deviations  from  the  average  of  the  whole  series  in  the  above  formula  by  tne  devia- 
tions from  the  trend,  or  curve  of  instantaneous  averages.  To  determine  this  trend, 
note  the  number  of  observations  (p)  in  a  complete  phase;  the  instantaneous 
average  at  any  particular  point  is  represented  by  the  average  of  thep  observations 
of  wluch  that  point  is  the  middle  one. 

As  an  illustration  the  method  may  be  used  to  determine  which  of  the  sets  of 
figures,  quoted  by  the  Registrar-Qeneral  in  his  annual  reports  for  comparison  with 
the  movements  of  the  marriage-rate,  is  most  intimately  connected  with  it,  viz., 
imports,  exports,  total  trade,  wheat  prices,  or  amount  cleared  at  the  Bankers* 
Clearing  House.  The  marriage-rate  is  now  lower  than  formerly,  whereas  the 
trade  per  head  has  increased :  there  is  thus  no  correspondence  between  the  general 
movements,  and  correlation  by  the  usual  method  about  the  average  merely  confirms 
this.  But  the  marriage-rate  (and  four  of  the  other  phenomena  to  be  examined) 
shows  fairly  regular  oscillations  with  a  period  of  about  nine  years.  Keplacing  the 
average  of  the  whole  period  in  these  various  series  by  the  trend,  the  *  average '  for 
any  one  year  being  the  average  of  the  nine  years  of  which  it  is  the  middle,  we  can 
thus  ascertain  what  correspondence  there  is  between  the  oscillations  of  these 
curves.  By  correlating  the  marriage-rate  with  the  trade,  &c.,  of  the  previous  and 
following  years,  of  half  a  year  earlier,  &c.,  other  correlation  coeffidents  are 
obtained :  if  these  are  plotted  on  a  diagram  it  will  easily  be  seen  that  there  is  a 
point  of  maximum  correlation.  This  gives  a  measure  of  the  la|^  of  the  marriage- 
rate  behind  the  trade-curve,  the  point  of  maximum  correlation  indicating  the 
period  with  which  the  marriage-rate  is  most  closely  connected. 

It  is  thus  found  that  the  total  trade  per  head  and  the  amount  of  clearing  are 
most  intimately  connected  with  the  marriage-rate,  the  exports  per  head  is 
almost  as  closely,  and  the  imports  per  head  less  so,  although  the  correspondence 
with  all  four  is  very  close.  There  is  on  the  other  hand  no  connection  between  the 
price  of  wheat  and  marriage-rate  nowadays.  As  regards  lag,  the  marriage-rate 
IS  now  just  half  a  year  behind  the  total  trade,  three  quarters  of  a  year  behind  the 
exports,  and  about  one  and  a  quarter  year  behind  the  clearing. 

It  is  noticeable  that  in  18GI-75  the  marriage-rate  was  only  a  quarter  of  a  year 
behind  the  total  trade  and  export  curves,  indicating  that  it  now  responds  a  Uttle 
more  slowly  to  the  general  prosperity.  It  is  interesting  to  observe  that  this  defer- 
ment of  a  quarter  of  a  year  (as  compared  with  total  trade)  corresponds  very  fiiirly 
with  the  deferment  indicated  in  the  marriages  by  a  consideration  of  the  ages  at 
marriage. 

5.  Joint  Discussion  with  Section  L  on  Economics  and  Gomm^dal 
Education,  opened  by  L.  L.  Price. 

In  the  middle  of  the  nineteenth  century  the  economist  exerted  a  dominant 
influence  over  British  public.opinion,  but  by  the  close  of  the  century  that  influence 
had  become  less  considerable.  The  stir  now  arising  on  commercial  education 
offers  a  fresh  opportunity  for  asserting  the  claim  of  Economics  to  a  distinct  place 
in  the  education  of  the  citizen ;  and  two  circumstances  favour  the  advance  of  the 
claim.  On  the  one  hand,  the  inner  history  of  economic  study  affords  reason  for 
believing  that  the  old  controversies,  which  created  such  noise,  are  dying  or  dead ; 
that  the  criticism,  which  has  been  busy,  has  been  accompanied  by  a  considerable 
amount  of  constructive  work ;  and  that  the  popular  antithesis  between  the  '  old ' 
and  the  '  new '  schools  has  lost  its  meaning,  if  it  is  supposed  to  represent  irrecon- 
cilable feuds.  On  the  other  hand,  economic  guidance  is  more  urgently  required  in 
practical  affairs ;  for  many  questions  coming  to  the  firont  of  popular  discussion  are 
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econonio  in  obtraoter.  Tlie  prdtsure  of  commarcial  nvalry,  for  wmule,  b  \Mj 
to  rtt-&waken  tlie  contmraray  between  free  traders  andprotectioniata ;  and  Eoenonuei 
haa  aomething  of  importauoe  to  eaj  on  tbia  queation.  Tbe  superficial  appearasee 
of  tbinga  may  easily  nialead,  and  economiata  ean  render  unique  assistance  is 
diacloaing  tbe  'unseen'  below  tbe  'seen.'  Similarly,  witb  regard  to  qiMitiov 
claased  aa  *  sodaliatio/  wbicb  are  attracting  increasing  notioe,  ^tbouffb  Eoononin 
is  not  entirely  indiTidualistio,  and  its  conclusions  may  be  modified  by  politiesl 
oonsiderationSy  its  aid  ia  neyertbelesa  important.  Both  olsssns  of  questions  are  of 
apeeial  interest  for  tbe  merobuit  and  tbe  manufacturer.  Tbe  individoaliitie 
spirit  prsTalent  among  Americans,  wbo  promise  to  be  tbe  moat  fcMrmidable  of  oor 
commercial  competitors,  lends  emphasis  to  the  danger  attaching  to  a  trade  umoa 
policy  which,  of  unconscious  or  deliberate  intent,  may  possibly  oner  real  biodrsDee 
to  tbe  rapid  use  of  new  machinery  or  the  speedy  introduction  of  novel  buiiness 
methods.  Restrictive  kgifllation,  for  tbe  same  reaaon,  muat  be  sorutimsed, 
although  in  tbe  early  days  of  the  factory  system  economists  erred  from  shortness 
of  sight,  and  *  fi^tory  reformera  *  displayed  more  regard  for  the  permanent  welfare 
of  the  natbn.  Economic  study  is  specially  calculated  to  induce  the  habit  of  mind 
needed  to  discover  and  expose  lurking  fallacy* 

On  this  ground  a  place  may  be  claimed  for  tbe  abatract  reasoning  of  tbe  text- 
books in  commercial  education.  Business  men  deal  with  the  concrete  in  their 
ordinary  lives,  and  without  some  preliminary  mental  discipline  they  may  W  s 
prey  to  imauspected  fallacy.  Some  training  in  logic  is  bela  by  most  men  to  be 
oeneficial,  and  an  acquaintance  with  economic  argument,  as  expounded  in  the 
theoretical  reasonings  of  the  text-books,  may  impart  tnia  training  in  dose  connection 
with  tbe  phenomena  of  business*life.  Although  the  business  man  may  act  by 
instinct  rather  than  reason,  instinct  ia  often  the  slow  product  of  large  experience : 
and  an  ability  to  see  and  trace  the  connection  between  cause  and  effect  cannot  ful 
to  be  useful.  Without  some  such  mental  training  tbe  possibility  of  a  '  plurality  of 
causes '  and  an  '  intermixture  of  effects '  may  escape  recognition ;  and,  as  an 
intellectual  discipline,  the  abstract  reasoning  of  the  economists  affords  a  more 
rigorous  and  bracing  exercise  than  economic  history.  Begarded  from  this  stsnd- 
point  even  '  mathematical  methods '  of  study,  which  induce  precision,  may  find  s 
place  in  commercial  education ;  but  tbe  place  cannot  be  large,  as  they  foeter  tbe 
narmfiil  idea  that  economic  reasoning  is  too  hard  for  average  men.  The  use  of 
theory  as  a  mental  training  might  be  illustrated  by  many  examplee;  but  tbe 
theory  pf  money  and  of  banking,  which  baa  undergone  less  change  than  other 
theories,  and  is  closely  related  to  the  daily  life  of  bankers  and  finanoiera,  may  be 
taken  aa  a  tjrpical  instance. 

Economic  history  must  fill  a  very  large  place  in  commercial  ednoation.  It  hss 
recently  made  marked  progress.  Escaping  from  arid  controveraiea  about  method, 
although  the  conclusions  of  one  historian  may  be  questioned  or  rejected  by  bis 
successors,  and  much  may  remain  unexplored  or  uncertain,  it  is  now  able  to  present 
the  broad  characteristics  and  leading  events  of  English  commercial  and  industrial 
history  in  orderly  sequence  for  the  instruction  of  &e  citizen.  From  the  point  of 
view  of  commercial  education  too  much  time  may  hitherto  have  been  spent  on 

Jiuestions  of  origin — such  as  the  manor — which  attract  by  tbe  opportunity  they  ofler 
or  ingenious  hypothesis,  but  are  from  their  nature  aifficnlt  to  solve,  and,  by 
comparison,  too  bttle  attention  may  have  been  bestowed  on  later  but  leas  misty 
periods.  But  it  is  impossible  to  ffain  a  real  knowledge  of  the  causes  and  conditions 
of  Uie  commerdal  and  industrial  success  of  England  without  a  special  study  of 
economic  history,  as  general  histories  have  dealt  but  acantily  witb  economic 
matters.  The  maintenance  of  that  success  is,  to  some  extent,  dependent  on  the 
knowledge  and  on  the  investigation  of  tbe  rb^  and  fall  of  other  nations  wbicb  ba? e 
been  conspicuous  in  trade. 

Lastly,  Statistics,  which  baa  also  progressed  of  late,  auppliea  Economics  witb 
the  means  of  systematic  observation,  in  default  of  the  more  efiective  mode  of 
experiment  open  to  a  physical  science  like  Ohmnistry.  An  elementary  knowledge 
of  statistical  technique  and  methods  is  a  requirement  of  tbe  times  and  a  special 
need  of  commercial  education. 
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TUESDAY,  SEPTEMBER  17. 
The  following  Papers  were  read  :— 
1»  A  Di8cu$$%on  on  Uotuviig  tu€u  opened  by  Profesior  W.  Smart. 


2.  The  Economic  Effect  of  the  Ttamwaya  Act^  1870. 
By  E.  P.  Vesey  Knox,  M.A. 

The  Act  has  now  been  thirty-one  years  in  operation^  and  has  never  been 
amended.  It  has  been  a  disastrous  le^ktive  experiment.  This  view  is  not  the 
result  of  opposition  to  municipal  tradmg^  nor  based  on  any  idea  that  municipal 
ownership  of  tramwa3rs  is  an  economic  mistake. 

I.  History  and  Effect  of  the  Act, 

The  decision  in  ^eg,  v.  Tram  (1862)  rendered  it  neoeteary  to  obtain  Parliamen- 
tary authority  to  lay  down  a  tramway.  The  object  of  the  Act  was  to  facilitate 
tramways  by  substituting  Provisional  Order  for  Bill.  It  was,  however,  hedged 
round  with  restrictions. 

ll.  The  Vice  of  the  Departmental  Method  of  Legislation, 

The  etsence  of  the  departmental  method  is  that  the  inspector  who  holds  the 
local  inquiry  (if  any)  has  no  authority  to  decide.  The  Board  of  Trade  have  failed 
to  obtain  any  respect  for  decisions  m  really  contested  cases.  In  such  cases  the 
practice  of  promoters  is  now  to  go  to  Parliament  direct. 

III.  The  Want  of  Compulsory  Powers  for  the  Takifty  of  Land. 

English  roads  are  seldom  suited  for  tramways  without  alteration,  yet  the 
Tramway  Order  may  not  authorise  the  taking  of  land  for  road  widening. 

IV.  The  Frontagers'  Veto. 

I^rontagers  in  narrow  places  can  prevent  tramways  by  a  mere  mechanical  vetoi 
This  has  led  to  single  lines  and  other  bad  tramways. 

V.  The  Veto  of  the  Local  Authorities, 

This  veto  has  sometimes  been  abused,  and  has  tended  to  discourage  the  best 
schemes  and  the  soundest  promoters.  It  is  not,  however,  likely  that  an  objection 
by  a  local  authority  based  on  reasonable  grounds  would  ever  be  overruled. 

VI.  The  Purchase  Clause. 

There  were  some  good  reasons  for  inserting  a  purchase  clause,  though  nothing 
of  the  BOYt  had  been  applied  to  railways,  and  gas  and  water  undertakings  have  only 
been  purchased  under  special  Acts  at  a  very  full  price.  It  is  now  hopSess  to  con- 
tend that  tbere  should  be  no  power  of  purchase ;  the  really  debatable  matters  aro 
the  period  and  the  method  of  valuation.  Mr.  Shaw  Lefevre  anticipated  that  pro- 
moters would  not  mind  the  purchase  clause  because  there  was  no  limitation  of 
profits.  What  they  did  was  to  trjr  to  take  their  profit  through  inflating  the 
capitid.  and  clear  out.  Hence  abortive  schemes  and  dif^appointed  investors.  The 
comparison  between  the  price  at  which  railway  and  tramway  capital  can  be  raised 
is  not  less  instructive  than  that  between  private  and  municipal  credit  for  tramway 
purposes.    The  best  class  of  investors  have  been  discouraged  by  the  Tramways 
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Act,  and  the  cost  of  capital  for  tramway  enterprise  has  consequendj  been 
increased. 

The  great  discovery  of  the  application  of  electricity  to  tramways  came  just 
when  the  purchase  periods  in  England  were  running  out.  There  was  consequently 
a  long  delay  in  adopting  the  new  invention,  and  though  England  ou^ht,  but  for 
Parliament,  to  have  led  the  world,  as  it  did  in  railway  construction,  it  has  been 
kept  behind  other  countries,  and  has  suffered  social,  economic,  and  industrial  loss. 
There  is  no  other  coimtry  which  had  so  great  a  need  for  electric  tramways  is 
England. 

The  corporations  have  been  slow  to  try  experiments  owing  to  their  careful 
trusteeship  of  the  ratepayers*  money. 

The  method  of  valuation  is  more  important  than  the  period  of  purchase.  If 
goodwill  is  not  to  be  paid  for  there  is  no  adequate  motive  for  developing  a  busi- 
pess.  The  corporations  have  actually  lost  on  balance,  for  while  Tramway  Act 
price  is  less  than  enough  for  a  good  tramway  it  is  too  much  for  a  bad  tramway.  It 
pays  the  company  better,  when  the  purchase  period  is  approaching,  to  retain  an 
obsolete  equipment,  which  ought  to  be  scrapped,  so  as  to  make  the  corporation 
buy  it. 

Practically  no  tramways  are  now  made  by  companies  on  Tramways  Act  terms 
without  modification ;  but  the  retention  of  the  Act  on  the  statute  book  still  does 
a  great  deal  of  injury  to  tramway  enterprise. 


3.  Notes  on  Glasgow  Wages  in  the  Nineteenth  Century. 
By  A.  L.  BowLEY,  M,A, 

The  statistics  available  for  an  estimate  of  the  changes  in  the  rates  of  average 
wages  are  very  numerous,  but  it  is  only  in  a  few  cases  that  a  reliable  calculation 
extending  over  half  a  century  can  be  made. 

The  lollowing  table  shows  in  rough  form  average  money  wages  (assuming  no 
change  in  regularity  of  employment  and  averaging  over  ten  or  twenty  years)  in 
various  industries,  expressed  in  each  case  as  percentages  of  their  lev^  in  the 
decade  1890-1900:— 


— 

1790 

1810- 
1880 

1880- 
1850 

1850- 
1860 

1860- 
1870 

1870- 
1880 

1880- 
1890 

1890- 
1900 

i 

1900  1 

1 

Building 

35 

50 

50 

66 

70 

86 

83 

100 

110    . 

(Glasgow) 
Coal-hewer 

60 

70 

60 

61 

62 

93 

77 

100 

135 

(Lanarkshire) 
Engineering 
(Glasgow) 
(Artisans  on  time- 

wages) 
Printers- 

— 

•~- 

— 

67 

72 

83 

90 

100 

110    1 

t 

Compositors 
(Time-wages) 

. 

73 

1860 

73 

75 

83 

94 

100 

110 

A.B.  Seamen 



. 

70 

90 

90 

100 

90 

100 

110 

(Money-wages) 
Bough  general 

«_ 

60 

55 

65 

70 

85 

80 

100 

115 

average 

I 

The  general  average  would  probably  be  affected  if  allowance  were  made  for 
such  changes  in  the  construction  of  the  working-class  population  as  the  growth  of 
the  class  of  partially  skilled  workers. 

No  attempt  has  been  made  to  include  any  estimate  for  the  changes  in  the 
purchasing  power  of  money. 
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4.  The  Poor  Law  and  the  Economic  Order.    By  T.  Mackay. 

Early  legislation  concerning  the  poor  was  for  their  regulation,  not  for  their 
relief.  It  was  hased  on  an  assumed  adscription  of  the  popiuation  to  the  soil.  The 
obligation  of  the  community  to  relieve  was  of  later  ongin.  On  this  territorial 
basis  was  founded  our  system  of  poor  relief  as  established  by  Elizabeth. 

The  legislature  regarded  the  population  as  stationary,  but  it  was  not  till  some 
fifty  years  afterwards  that  the  mobility  characteristic  of  an  industrial  popidation 
came  into  conflict  with  this  assumption. 

For  remedy  the  14  Charles  II.,  c.  12  (1662),  attempted  to  define  settlement 
and  facilitated  the  forcible  removal  of  migrant  labourers  to  their  place  of  settle- 
ment. The  tyranny  of  this  has  often  been  condemned,  and  from  the  first  many 
methods  of  evasion  were  adopted.  The  complete  immobility  of  the  population, 
however,  was  due,  not  to  this  enactment,  but  to  the  guarantee  of  maintenance  held 
out  to  eyeryone  who  clung  resolutely  to  his  parish  and  to  his  decaying  industry. 
It  was  this  system  of  imprisonment  in  some  15,000  parishes  that  gave  rise  to  the 
appearance  or  over-population.  Labour  was  rendered  immobile,  not  only  in  place, 
but  in  character  and  habit. 

The  business  of  the  new  poor  law  in  1834  was  to  relax  these  bonds  and  allow 
the  absorption  of  the  population  into  the  economic  order.  It  was  in  large 
measure  successful,  and  subsequent  experiments  in  the  way  of  restriction  have 
sought  to  carry  the  reform  further.  The  justification  of  a  restrictive  policy  is 
that  pauperism  is  a  retention  of  a  part  of  our  population  in  a  condition  of  prinutive 
poverty  much  longer  than  the  economic  necessity  of  the  situation  warrants. 
This  archaic  survival  is  to  be  contrasted  with  the  economic  order,  which  offers  the 
true  policy  of  emancipation. 

The  hand-to-moutn  life  is  now  more  amply  endowed  than  it  has  ever  been ;  a 
consideration  which  answers  the  argimient  that,  in  view  of  the  improved 
conditions  of  working-class  life,  a  relaxation  of  poor-law  tests  is  desirable. 
Improved  opportunities  for  independence  too  often  merely  go  to  make  the  •  pro- 
letariate life,  for  the  time  being,  more  profuse  and  irresponsible.  The  difficulty  is 
to  induce  a  certain  type  to  submit,  in  even  the  slightest  degree,  to  the  discipline  of 
the  economic  order  and  to  renounce  its  much  more  natural,  primitive,  hand-to- 
mouth  instincts. 

Maine's  generalisation  that  progress  is  from  status  to  contract  is  based  on 
historical  fact ;  but  as  regards  the  future  it  may  not  be  the  last  word.  It  is  sub- 
mitted, however,  that,  even  if  we  welcome  a  tendency  to  revert  in  certain  directions 
to  civic  and  municipal  status,  the  status  of  parochial  pauperism  is  a  condition  from 
which  we  should  endeavour  to  emancipate  our  poorer  population. 


5.  British  Colonial  Policy  in  its  Economic  Aspect, 
By  Archibald  B.  Clark,  M.A, 

The  timely  and  substantial  assistance  rendered  to  Great  Britain  by  the 
Colonies  in  the  South  African  War  has  awakened  a  fresh  interest  in  the  question 
whether  a  more  formal  recognition  and  exact  definition  should  not  be  given  to 
the  rights  and  responsibilities  of  the  Colonies  in  connection  with  the  government 
and  defence  of  the  Empire.  The  problem,  like  nearly  every  practical  problem,  is 
not  exhausted  by  consideration  of  its  purely  economic  aspects.  But  the  policy  of 
'  tightening  the  ties '  is,  at  present,  advocated  mainly  on  economic  grounds ;  and  it 
is  sought  to  attain  the  end  in  view  by  the  manipulation  of  economic  factors. 

As  regards  defence,  under  modern  conditions  a  huge  and  growing  expenditure 
on  the  Army  and  Navy  is  inevitable ;  and  it  is  argued  that  the  Colonies,  who 
equally  with  Great  Britain  gain  from  the  resulting  security,  may  fairly  be  asked 
to  contribute  towards  the  expense.  But  {a)  by  way  of  compensation  our  weight 
in  the  councils  of  the  nations  is  vastly  greater  by  reason  of  the  possession  of  our 
Colonial  Empire,  (b)  Recent  experience  suggests  that  the  interests  of  Imperial 
Defence  may  be  better  served  by  the  spontaneous  action  of  the  Colonies  than  by  a 
formal  and  binding  contract. 
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It  is  thought  that  we  might  find  material  compenaatioiii  and  at  the  same  time 
meet  the  hostile  tariffs  of  foreign  countries  and  increase  the  strength  of  the 
Empire,  by  entering  into  a  Customs  Union  with  our  Colonies  on  the  basis  of  free 
trade  within  the  Union  and  protection  against  the  foreigner.  Or,  failing  that,  we 
might  adopt  a  system  of  bounties  on  trade  with  the  Colonies.  But  (a)  we  rely  on 
the  foreigner  for  food  and  raw  materials ;  and  of  the  total  external  trade  (import 
and  export)  of  the  United  Kingdom,  roughly  75  per  cent,  is,  and  has  been  for 
half-a-century,  a  trade  with  foreign  countries,  (b)  The  diversity  of  interests,  too, 
among  the  Colonies  themselves  renders  it  hopeless  to  expect  that  any  scheme 
could  be  formulated  which  would  fail  to  create  discord,  (c)  Any  such  scheme— 
whether  of  differential  duties  or  bounties — would  involve  a  serious  departure  from 
our  free-trade  policy  the  great  virtue  of  which  is  its  practical  sininlijity. 

Like  that  free-trade  policy,  the  existing  connection  between  Great  Britain  and 
her  Colonies  may  be  imperfect  in  theory,  but,  like  it,  it  has  proved  workable  in 
practice.  Under  the  one  we  have  enjoywi  half-a-century  of  unrivalled  prosperity ; 
and,  as  the  outcome  of  the  working  of  the  other  for  a  similar  period,  we  hare 
amongst  the  Colonies  a  sense  of  unity  and  an  intensity  of  loyalty  to  the  mother 
country  unparalleled  in  history.  This,  too,  has  been  most  unqualified  where  the 
hand  of  *  Downing  Street '  has  been  least  conspicuous.  The  pohcy  of  *  tightening 
the  ties^  is  really  retrograde  and  unhistorical.  It  represents  the  extreme  m 
reaction  from  the  view  which  prevailed  generally  from  about  1840  to  1880— that 
the  independence  of  the  Colonies  would  be  the  natural  outcome  of  the  concession 
of  self-government.  It  involves  a  return  to  that  system  of  monopoly  and  intcN 
ference  by  the  central  government  which  in  the  eighteenth  centurr  lost  us  the 
American  Colonies.  In  our  colonial  policy  the  most  pressing  need  at  prestot  ie 
concentration  and  economy,  based  on  recognition  of  the  truth  that  tfade  follows 
the  flag  in  no  other  sense  than  that  it  follows  the  establishment  of  peace,  security, 
and  good  government. 

6.  The  Present  Position  of  Woman  as  a  Worker,    By  Mias  M.  H.  Ibwik. 

Owing  to  the  rapidly  increasing  number  of  women  who  are  year  by  year 
entering  both  the  professional  and  the  industrial  labour  market,  the  nature  and 
conditions  of  women's  employment  form  a  subject  of  first  importance  to  the 
economic  student,  not  only  in  relation  to  the  women  tJiemseWes,  but  also  in 
respect  to  their  men  fellow-workers,  and  the  general  development  of  our  national 
industries.  Many  industrial  complications  have  arisen,  and  threat>en  still  to  arise, 
from  the  presence  and  the  extended  application  of  women's  labour. 

There  is  a  want  of  adequate  and  authoritative  information  regarding  women's 
work.  The  subject  has  sutfered  in  the  past  from  being  regarded  as  a  matter  for 
philanthropic  sentiment  rather  than  economic  research.  A  change  of  attitude  is 
being  brought  about  through  various  causes. 

The  need  for  systematic  inquiry  and  exact  knowledge  as  providing  a  basis  for 
both  philanthropic  effort  and  legislative  reform.  Legislative  action  is  specially 
desirable  for  the  regulation  of  the  conditions  of  women's  work,  owing  to  the 
difficulty  of  forming  anv  organisation  among  them  sufficiently  strong  to  protect 
them  from  possible  evils  in  the  way  of  excessive  hours  ani  other  unhealthy 
conditions  of  woric. 

Results  of  investigations  undertaken  by  the  Scottish  Council  for  Women's 
Trades  and  other  bodies  into  various  employments  follo\ted  by  women  in  which 
there  was  either  no  legislative  restrictions,  or  these  were  defective.  Laundries, 
shops.  Investigations  into  home  work.  The  economic  results  of  home  work. 
The  sanitary  side  of  the  question.  Proposed  regulations.  The  dressmaking  tra<lc. 
The  tailoring  trade.  A  complex  and  highly  graded  industry  of  special  value  as  a 
subject  for  economic  investigations. 

Among  the  suggestive  points  offered  for  study  by  the  tailoring  trade  art  the 
competition  between  the  men  and  women  workers.  The  results  of  the  introdnctiod 
of  the  cheap  and  unprotected  labour  of  women,  systems  of  wages  rating,  displace- 
ment of  the  skilled  hand  labour  of  men  by  the  machine-tended  and  comparatively 
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unskilled  labour  of  women.  The  rise  of  the  clothing  factory  and  spread  of  the 
division  of  labour  system,  the  operation  of  factory  legislation,  and  the  Pablic 
Health  Acts.  The  difference  between  the  rates  paid  to  the  two  sexes  for  work 
of  the  same  nature  and  efficiency.  The  absence  of  a  standard  and  uniform  rate  for 
women's  work. 

Causes  which  may  account  for  the  lower  wages-rates  of  women.  Attitude  of 
the  men's  Union  towards  the  women  workers.  The  nature  and  significance  of 
women's  competition.  The  extension  of  mechanical  aids  favouring  the  increased 
application  of  women's  labour.  The  typographical  trade.  The  new  printing 
machines  and  the  8cai*city  of  boy  labour  furthering  the  employment  of  women. 
The  textile  trades  of  Scotland.  iHaese  have  become  practically  women's  industries 
since  the  introduction  of  the  power-loom.  Bookbinding.  The  non-employment 
of  women  in  many  departments  of  this  trade  is  due  to  artificial  restrictions,  such 
as  custom,  and  the  lines  of  demarcation  laid  down  by  the  men's  Union.  So  far 
as  an  investigation  into  the  printing,  bookbinding  and  kindred  trades  which  is 
now  in  progress  has  gone,  it  would  appear  that  while  machinery  has  displaced 
hand  labour  in  certain  departments,  owing  to  the  largely  increased  output,  there 
has  been  an  increase  in  the  total  number  of  workers  employed  all  over  the  factories 
coming  under  observation. 

In  view  of  possible  future  industrial  changes,  in  which  women's  labour  is 
likely  to  be  a  very  important  factor,  there  is  urgent  need  for  systematic  investigations 
of  the  nature  and  conditions  of  women's  labour. 


WEDNESDAY,  SEPTEMBER   18. 
The  following  Papers  and  Eeport  were  read : — 
1.  The  Real  Incidence  of  Local  Rates.    By  Cameron  Corbbtt,  M.P, 

The  incidence  of  local  rates  is  fundamentally  influenced  by  the  question  as  to 
whether  the  area  afiected  by  them  is  fully  built  up  or  is  afiected  by  a  practical 
chance  of  additional  acccommodation  being  provided  within  it.  If  it  be  fully  built 
up,  then  the  rate  falls  on  the  owner  except  in  so  far  as  the  cause  of  the  rates  is  cal- 
culated to  afiect  the  rents  benefidally ;  that  is  to  say,  the  burden  of  wasteful 
administration  would  fall  upon  him.  In  the  cases  where  a  higher  rate  aflects  an 
area  where  building  can  be  influenced  by  it,  the  burden  falls  on  the  tenant  in  the 
same  way  as  the  burden  falls  on  the  consumer  of  a  manufactured  article,  production 
being  checked  thereby. 

The  proposal,  after  taxing  building  and  land  together,  to  put  a  special  second 
borden  on  land  values  would  raise  the  price  of  houses  to  buyers,  and  consequently 
the  rent  to  tenants.  The  reduction  of  four  years'  purchase  in  the  selling  price  of 
^und  rents  which  has  taken  place  during  recent  years  has  amounted  in  many 
instances  to  more  than  the  whole  cost  of  the  land,  and  has  therefore  afiected  the 
production  of  houses  as  unfavourably  for  the  occupiers  in  these  cases  as  if  the  cost 
of  the  land  had  been  doubled.  It  is  quite  evident  that  land  values  being  exposed 
to  a  special  rate  would  affect  the  buyers  and  tenants  of  houses  very  severely,  for 
the  builders  would  require  to  get  as  much  additional  inducement  from  the  buyer 
of  the  house  as  would  counterbalance  the  lessened  amount  they  would  receive  from 
ground-rent  buyers. 

2.  Recent  Results  of  Fwrm  Labour  Colonies.    By  Harold  E.  Moore,  F.8.  L 

At  the  Liverpool  Meeting  in  1895  a  paper  was  read  on '  Farm  Labour  Colonies 
and  Poor  Law  Quardians.'  It  was  then  pointed  out  that  farm  labour  colonies 
might  be  considered  to  be  of  two  distinct  classes.  One  of  these  would 
be  colonies  for  the  reception  of  well-conducted  men  of  the  working  classes 
temporarily  out  of  employment ;  and  the  other  dass  would  be  colonies  for  the 
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Teoeption  of  men  who  would  otherwise  be  in  the  casual  wards,  iiimates  of  matk- 
houses,  or  dependent  partially  on  private  charity.  It  was  sugi^ested  that  the  esta- 
blishment of  colonies  of  the  first  class  was  difficult ;  but  the  further  exteniion  of  the 
second  named  was  recommended  as  being  both  desirable  and  practicable. 

During  the  last  six  years  there  has  been  extension  in  the  work  of  the  kit 
named,  and  so  far  with  satisfactory  results.  Colonies  under  the  control  of  yoboh 
tary  committees,  but  subsidised  by  grants  from  Boards  of  Guardians,  are  at  woik: 
(a)  At  Hadleigh  in  Essex,  under  the  control  of  the  Salvation  Army  ;  (b)  at  Dorking 
in  Surrey,  under  the  control  of  the  Ohurch  Army,  in  succession  to  a  smaller  one 
carried  on  by  that  organisation  near  Ilford  in  Essex ;  and  (c)  at  Lingfield  in 
Surrey,  and  another  near  Kendal  in  Westmoreland,  under  the  control  of  the 
Christian  Union  for  Social  Service,  'llie  financial  and  other  results  of  each  of 
these  efforts  from  their  economic  aspect  is  separately  considered. 

There  are  also  colonies  in  operation  not  subsidised  by  Poor  Law  funds,  the 
most  important  being  the  one  imder  the  control  of  the  Scotch  Colony  Asaociatioa, 
near  Dumfries.  There  is  also  a  colony  for  women  only,  founded  by  the  efforts  of 
Lady  Henry  Somerset,  near  Reigate  in  Surrey,  as  well  as  some  smidler  prifale 
attempts  at  providing  work  on  the  land  as  a  means  of  relief;  while  Gnardiaiw  at 
Sheffield  ana  elsewhere  are  working  land. 

The  results  show  that  colonies  for  the  second  class  (a)  have  redaced  the  ooet 
of  maintenance  of  those  there  received  as  compared  with  the  expense  of  their 
maintenance  in  other  ways ;  and  (b)  have  been  boieficial  as  a  reformatory  influence 
when  the  work  has  been  under  the  control  of  Christian  voluntary  committeee, 
restoring  some  to  independent  life  who  would  otherwise  have  remained  in  a  perma- 
nent dependent  position. 

3.  Feebleness  of  Mind^  Pauperism^  and  Crime,      By  Miss  Mary  Dbhdt. 

The  special  point  to  be  proved  is  this :  we  are  to-day  sufl^ring  from  an  eril 
which  will,  if  unchecked,  bring  ruin  upon  our  nation,  and  that  before  verv  long. 
A  chain  is  no  stronger  than  its  weakest  link,  and  the  weakest  link  in  the  chain  of 
our  social  life  is  the  mass  of  mentally  feeble  persons  who  live  amongst  as, 
unguarded  and  unguided,  suffering  and  helpless,  a  danger  to  themselves  and  to 
Society,  and  perpetuaUy  propagating  their  species.  The  time  has  come  when  this 
evil  must  be  dealt  with,  very  tenderly,  very  kindly,  so  far  as  individuals  are 
concerned,  but  very  plainly,  very  scientiflcally,  so  far  as  Society  at  large  is  eoa* 
cerned.  As  years  ago  our  nation  realised  that  we  had  no  right  to  populate  a  new 
country  with  criminals  and  ceased  to  send  its  convicts  abroad,  so  now  we  should 
realise  that  we  have  no  right  to  provide  for  our  own  future  a  feeble,  helplasi^ 
half-witted  population.  That  this  is  what  we  are  doing  at  present  tiiere  is  no 
doubt ;  the  main  cause  of  feebleness  of  mind  is  heredity. 

The  time  is  come  when  we  should  ask  for  scientific  morality,  should  question 
what  is  morality  worth  which  is  not  scientific,  and  should  demand  that  the 
transmission  to  the  future  of  a  terrible  evil  shall  be  stopped — an  evil  which  hnngs 
all  other  evils  in  its  train.  It  is  not  only  that  our  weaker  brethren  themselvsi 
become  criminals ;  they  aflbrd  the  opportunity  for  crime  in  those  who  are  pot 
wei^  but  only  bad.  It  is  probable  that  two-thirds  of  the  crimes  of  our  nation 
might  be  pre?ented  in  the  course  of  two  generations  by  a  scientific  method  d 
dealing  with  the  feeble-minded.  And  we  must  remember  that  it  is  futile  to  talk 
of  weak-minded  criminals  as  sinners.  Sin  there  must  be,  where  so  much  crimo 
and  misery  are ;  but  the  sin  lies  where  the  responsibility  lies,  and  that  is  with  the 
sane  and  not  with  the  insane. 

The  one  de^t  most  generally  common  to  weak-minded  persons  is  great 
weakness  of  will-power. 

There  is  a  whole  class  whose  feebleness  consists  in  a  total  lack  of  the  moral 
sense.  It  was  of  these  that  Huxley  wrote :  '  As  there  aie  men  bom  physicaUy 
cripples  and  intellectually  idiots,  so  there  are  some  who  are  morally  criMles  and 
idiots,  and  can  be  kept  straight  not  even  by  punishment.  For  these  peoj^  thete 
is  nothing  but  shutting  up  or  extirpation.' 
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Many  persons  who  are,  when  left  to  their  unassisted  efforts,  quite  helpless  can 
•am  a  uTing,  or  partly  earn  a  living,  when  under  constant  supervision.  The 
laddng  will-power  can  be  imposed  firom  without.  The  late  Sir  Douglas  Ghdton 
said  that  the  feeble-minded  man  could  never  be  worth  three-fourths  of  a  man. 
That  three-fourths,  at  least,  could  generally  be  arrived  at  in  proper  conditions. 
His  weakness  of  will  makes  him  ohedirat  to  any  sugffestion ;  he  can  be  trained  to 
make  use  of  all  the  fiusulties  he  possesses,  and  those  niculties,  though  they  cannot 
be  made  normal,  can  be  greatly  strengthened.  Thus  in  good  hands  he  may  become 
neariy  self-supporting,  while  in  bad  hands  he  is  self-destroying. 

However,  the  Commissioners  in  Lunacy  have  given  us  a  ffood  working 
definitiim  of  the  feeble-minded.  Tbe^  speak  of  *  persons  who  are  known  as  the 
feeble-minded.  They  are  not  the  subjects  of  such  a  degree  of  mental  unsoundness 
as  in  the  opinion  of  Uie  medical  officers  renders  them  certificable  in  the  eye  of  the 
law,  and  they  are,  therefore,  unable  to  be  detained  against  their  will,  although 
they  are  not  sufficiently  of  sound  mind  to  be  able  to  ti^e  care  of  themselves.' 

Briefly  what  ha]^pens  to  a  feeble-minded  boy  (and  there  are  three  boys  of  this 
tjrpe  to  every  two  girls)  is  this :  He  leaves  school  auite  unable  to  taJce  eare  of 
lumself ;  very  often  the  one  wholesome  influence  of  his  life  ceases  with  his  school- 
days, his  parents  being  very  little  stronger  in  mind  than  himself.  Their  one  idea 
is  to  make  him  earn  money  for  them.  He  knows  no  skilled  work  and  cannot  keep 
a  situation  if  he  gets  one.  He  comes  upon  the  streets,  sells  matches,  shoe-laces, 
papers,  and  generally  ends  by  turning  up  in  gaol.  By  this  time  he  has  become 
used  to  a  vagrant  me,  and  as  he  can  only  move  along  the  path  of  the  least 
resistanoe,  and  as  it  is  made  so  much  easier  for  him  to  go  wrong  than  to  go  right, 
he  goes  wrong  persistently,  and  becomes  a  confirmed  criminal.  So  he  grows  up 
through  a  pitiful  and  degraded  youth  to  a  pitiful  and  degraded  manhood  and  dies, 
leaving  behind  him  offspring  to  carry  on  the  horrible  tradition.  With  the  girls 
the  evil,  though  not  more  roU,  is  more  obvious,  and  for  this  reascm  mora  attempts 
have  been  mi^e  to  help  them  than  their  brothers.  Of  course,  in  accidental  cases, 
where  the  parents  are  respectable,  they  do  their  best  for  their  weakly  children, 
and  try  to  keep  them  at  home  or  with  kindly  employers.  But  if  they  are  of  tiie 
vrage-eaming  class  they  ultimately,  in  nearly  every  case — their  natural  protectors 
dyinff — come  upon  the  rates.  The  main  cause  of  this  terrible  evil  is,  undoubtedly, 
heredity.  The  child  of  a  feeble-minded  parent  is  likely  to  be  one  degree  at  least 
worse  than  that  parent.  Dr.  Galdicott,  of  Earlswood,  says :  '  In  our  statistics  the 
one  cause  which  stands  prominently  forward  is  Heredity^  and  the  more  accurately 
we  are  able  to  penetrate  the  family  history  of  our  cases  the  more  we  are  forced 
to  the  conclusion  that  a  very  definite  ''  neurotic  '*  taint  is  found  in  the  direct  and 
immediate  progenitors.  For  my  own  part  I  believe  this  to  be  as  high  as  70  to 
75  per  cent.^  ur.  Miiller,  of  Augsburg,  also  states  that  70  per  cent,  of  weak-minded 
persons  are  accounted  for  by  heredity. 

The  English  law  has  at  length  recognised  the  existence  of  these  people  as  a 
class,  apart  both  from  the  sane  and  the  certificated  insane. 

It  now  permits  educational  authorities  to  make  provision  for  them,  but  only 
up  to  the  age  of  sixteen.  As  if  those  who  are  mentally  unsound  at  sixteen 
would  be  mentally  sound  at  seventeen ! 

In  1898  there  were  100,322  children  on  the  books  of  the  public  elementary 
schools  of  Manchester.  Of  these  44,463  were  in  the  Board  school.  I  now 
proceeded  to  make  an  inspection  of  all  these  Board  School  children,  and  I  saw  at 
their  work,  all  who  were  in  actual  attendance,  39,600.  When  I  saw  a  child  who 
seemed  to  me  abnormal,  I  made  a  special  examination  of  it,  speaking  also  to 
normal  children  so  as  to  avoid  singling  out  any  one  for  remark.  With  the  aid  of 
an  attendance  officer,  I  took  down  all  particulars  concerning  the  chUd.  In  this 
way  I  made  notes  on  625  children.  This  report  would,  of  course,  not  in  itself 
have  been  reliable  evidence.  But  when  it  was  complete  we  were  so  fortunate  as 
to  secure  the  help  of  Dr.  Ashby,  our  great  children's  doctor,  the  head  physician  of 
our  children's  hospital,  a  man  whose  opinion  is  acknowle^ed  to  be  the  best 
possible.  He  most  kindly  consented  to  see  all  my  cases.  He  examined  every 
child  carefully    and    gave  a  written  opinion  on  each.    He   summarised  the 

3d2 


Digitized  by 


Google 


760  REPORT— 1901. 

result  thus :  '  Out  of  500  examined,  214  were  dull  and  backward  (it  being  under- 
stood that  the  backwardness  arose  from  the  child^s  condition,  not  from  borne 
conditions),  276  were  mentally  feeble,  4  were  deaf-mutes,  and  6  did  not  appear 
to  be  sufficiently  behindhand  to  come  under  either  of  these  terms.' 

Adding  the  proportion  for  the  voluntary  schools  in  Manchester,  we  have 
about  1,000  children  who  are  mentally  unsound  in  the  day-schools  at  one  time. 
Since  then  I  have  worked  in  a  similar  manner  through  all  the  voluntary  schools 
in  a  large  non-School  Board  area  with  similar  results.  Wherever  an  attempt 
has  been  made  to  obtain  correct  statistics,  these  figures  are  confirmed.  To  con- 
clude. Prudence,  economy,  and  humanity  demand  that  we  shall  deal  with  this 
question  rationally.  It  is  possible  at  an  early  age  to  detect  the  unsound  brain ; 
scientific  morality  demands  that  we  shall  take  care  that  our  weak-minded  children 
are  always  protected,  so  as  to  render  them  harmless  to  themselves  and  Society. 

I  shall  ask  you  to  dwell  on  these  facts : — 

Our  workhouses  and  lunatic  asylums  cannot  provide  for  our  derelict  population. 

Lunacy  and  imbecility  and  pauperism  are  largely  on  the  increase. 

Two  per  cent,  at  least  of  our  school-going  population  are  in  some  degree 
weak-minded — some  more,  some  less.  Feebleness  of  mind  is  hereditary,  with  an 
increasing  intensity. 

Almost  all  feeble-minded  persons  are  at  large  during  the  most  critical  period 
of  their  lives,  and  most  become  parents. 

It  would  be  easy  to  detain  such  persons  if  the  detention  were  commenced  in 
early  youth,  and  they  could  be  kept  happy,  harmless,  and  partially  self-supporting 
for  their  whole  lives.  They  would  then  be  no  danger  to  Society,  and  they  would 
be  far  smaller  expense  than  they  are. 


Beport  on  the  Economic  Effect  of  Legislation  regulating  Women's 
Labour. — See  Sports,  p.  399. 
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Section  G.— ENGINEERING. 
PRESIDENT  OF  THB  SECTION— Oolonel  R.  E.  OROMPTOif,  M.Inst.O.E. 


THURSDAY,  SEPTEMBER  12. 

The  Pre«ident  delivered  the  following  Address : — 

At  this  the  first  meeting  of  the  British  Association  of  the  new  century  I  wish  to  lay 
before  you  some  of  the  interestinjir  problems  presented  by  recent  developments  in 
means  of  locomotion  on  land  which  demand  the  best  thoughts,  not  only  of  our 
engineers,  but  of  everyone  interested  in  the  improvement  in  means  of  travelling 
and  in  the  more  rapid  transit  of  goods. 

During  the  seventy  years  which  have  passed  since  the  introduction  of  railways 
in  almost  every  country  passenger  and  goods  traffic  has  developed  itself  to  such  an 
extent  that  almost  everyone  b  mterested  in  these  questions ;  and  of  late  years  our 
attention  has  not  been  confined  to  railways  only,  but,  owing  to  the  invention  of  the 
cvcle  and  moto^-car,  has  also  been  directed  to  travel  on  our  road-ways,  which  during 
the  first  fifty  years  of  the  railway  era  had  somewhat  fallen  into  disuse.  I  am  not 
able,  bein^  limited  to  the  length  of  this  address,  to  deal  with  many  of  the  interest- 
ing questions  afibcting  our  long-distance  railways  other  than  by  referring  to  the 
probable  early  introduction  of  railways  of  a  new  type  intended  to  attain  a  speed  of 
120  miles  per  hour  and  worked  by  electrical  power.  The  railway  race  to  Sco^and 
of  a  few  years  back  attracted  the  attention  of  the  managers  of  American  and 
Continental  railways  to  railway  speed  questions,  and  we  have  seen  during  the  last 
few  years  so  great  improvement  in  the  speed  of  the  trains  and  the  comfort  of  the 
passengers  in  these  countries  that  it  appears  that  England  has  already  been  beaten 
m  the  matter  of  extreme  railway  speed,  although  it  is  probable  that  our  railways 
still  provide  a  larger  number  of  rapid  trains  than  either  the  American,  German,  or 
French  do»  But  whether  it  be  in  England  or  in  the  countries  I  have  mentioned, 
it  appears  that  after  all  the  speed  limit  of  railways  of  the  present  system  of 
construction  is  reached  at  about  sixty-five  or  seventy  miles  per  hour.  BUgher 
speed  on  level  runs  has  undoubtedly  been  recorded,  but  it  is  not  probable  that 
anything  greatly  in  excess  of  seventy  miles  per  hour  will  be  reached  until  our 
radway  managers  initiate  an  entirely  new  system  of  construction.  The  high-speed 
service  that  is  now  in  contemplation,  not  only  in  England  but  in  America  and 
Germany,  intends  to  attain  speeds  of  over  one  hundred  miles  per  hour  by  providing 
electrical  means  of  haulage  sufficient  to  propel  light  trains  consisting  or  one,  or,  at 
the  most,  a  few  cars ;  and  in  order  to  render  this  service  successful  to  run  these 
lif^ht  trains  at  short  intervals  of  time,  so  in  effecting  this  high  speed  the  railways 
will  give  a  service  which  more  nearly  resembles  the  tramway  service  than  our 
present  system  of  heavy  express  trains  at  infrequent  intervals.  This  high-speed 
service  of  light  trains  at  frequent  intervals  is  well  suited  to  electrical  haulage, 
as  it  works  generating  machinery  situated  at  fixed  points  to  the  best  advantage 
and  enables  the  best  return  to  be  obtained  from  the  necessarily  heavy  capital  cost 
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of  copper  in  the  conductors  which  transmit  the  energy  along  the  length  of  the 
line,  as  it  is  evident  that  if  the  speed  he  safficient  to  ensure  that  eadi  seetioa 
of  the  line  only  carries  one  running  train,  the  costs  of  the  conductors  will  be  in 
proportion  to  the  weight  of  that  train. 

Great  advantages  have  already  been  made  in  adapting  electrical  traction  to 
long  lengths  of  railways.  The  work  already  done  by  Brown  Boveri,  of  Baden,  in 
Switzerland,  at  first  on  the  mountain  railways  and  afterwards  on  the  Burghdorf- 
Thun  full-gauge  line,  the  eznerimental  work  of  Ganz  &  Co.,  of  Buda-P«^  and 
of  Siemens  &  Halske  at  Cnarlottenburg,  have  already  shown  that  the  power 
problems  are  nearly  all  of  them  solved,  so  that  we  may  feel  confident  that 
electrical  engineers  will  very  shortly  surmount  any  power  difficulties  that  still 
remain.  But  this  high-speed  railways  problem  at  ])re9ent  presents  certain  unknown 
factors  which  can  only  be  satisfactorily  determined  by  the  actual  testing  and 
working  the  lines  when  carrying  paseeugers.  I  refer  to  those  which  deal  with 
the  increased  oscillation,  vibration,  and  noise  to  be  expected  from  the  extreme 
speeds.  These  matters  must  be  met  so  as  to  give  sufficient  comfort  and  protection 
to  the  passengers,  for  if  passengers  are  rendered  uncomfortable  by  the  extreme 
speed  the  service  can  never  become  popular,  and  on  this  last  question  depends  the 
most  important  question  of  all,  viz.,  the  extent  to  which  the  travelling  public  are 
likely  to  make  use  of  a  high-speed  railway  service.  In  attempting  to  forecast  this 
matter,  although  we  meet  many  business  men  who  think  it  would  be  an  undoubted 
advantage  if  the  journeys  between  important  business  centres  occupied  half  the 
time  they  do  at  present,  in  the  United  Kingdom  there  are  only  a  few  joaro^s 
of  sufficient  length  to  make  saving  of  time  of  great  importance,  but  the  case  is  ur 
difierent  in  America  and  on  the  Continent,  where  the  business  centres  are  moch 
ftirther  apart  than  they  are  here.  I,  as  an  English  engineer,  foresee  that  this 
topographical  question  will  cause  our  English  engineers  to  be  at  a  disadvantage 
as  compared  with  American  and  Continental  ones,  for  it  appears  likely  that  the 
number  and  mileage  of  high-speed  railways  is  likely  to  be  lar  greater  in  America 
and  on  the  Continent  than  in  the  United  Kingdom.  Before  I  entirelv  leave  the 
subjectof  very  high-speed  railways,  a  rather  curious  speculation  presents  itself  to  as: 
this  is  whether  the  need  for  rapid  communication  between  town  and  town  may  not 
eventually  be  supplied  by  high-speed  motor-cars  on  roads  specially  prepared  for  tbem. 
Mr. Wells  in  his  interesting  forecast  in  the '  Fortnightly  Review  *  seems  to  think  that 
the  lime  is  not  far  distant  when  all  passrager  traffic  wiU  be  carried  on  special  mads  on 
motor-cars.  That  the  advantages  of  carryinp^  your  family  and  loading  up  your  belongs 
ings  at  your  own  door,  in  your  own  or  a  hired  car,  and  transporting  them  without 
any  change  or  handling  of  your  baggage  right  up  to  the  point  where  your  jonmer 
ends,  will  be  so  great  that  even  for  comparative  long  journeys  travellers  will 
prefer  it  to  the  railway,  and  that  our  railways  will  eventuuly  be  relegated  to  carrying 
minerals  and  heavy  goods.  But,  without  going  so  far  as  Mr.  Wells,  it  does  seem: 
probable  that  it'  only  a  few  passengers  require  to  travel  between  two  bii8inee» 
centres  such  as  Manchester  and  Liverpool,  and  to  occupy  only  hidf  the  time  fhxn 
door  to  door  at  present  taken  by  the  railway  and  the  two  terminal  cab  rides,  it 
might  be  better  to  provide  one  of  Mr.  Wells*  improved  roads  on  which  private 
owners  could  run  their  own  cars,  paying  toll  for  tne  road,  and  on  which  a  pabfie 
service  of  cars  would  provide  for  those  who  did  not  own  cars  themselves. 

I  now  propose  to  deal  at  somewhat  greater  length  vrith  what  I  think  is  a  most 
important  problem  in  locomotion,  viz.,^  that  cau^  by  the  congestion  of  street 
traffic  in  our  towns  and  by  the  undoubted  difficulties  which  exist  in  carrymg  oar 
workers  to  and  f^m  their  homes  in  the  country  to  their  places  of  employment  in 
our  towns.  A  large  proportion  of  the  workers  who  during  the  latter  half  of  the 
last  century  lived  and  worked  in  the  country  are  now  wormng  in  towns,  althongb 
some  of  them  still  live  outside  in  order  to  obtain  the  advantages  of  low«r  rente 
and  of  a  healthier  life  for  their  families,  and  this  last  class  is  likely  to  laigely 
increase.  Those  who  have  been  responsible  for  the  enlarging  and  improv^nentd 
of  our  towns  have  done  so  much  to  make  town  life  prefenu>le  to  country  Kfe  that 
the  country  is  gradually  being  depopulated.  The  results  we  see  in  the  inereaaiBg 
difficulties  which  the  town  authorities  find  in  dealing  with  the  vrnter  and  sewerage 
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queBtionSi  and  in  the  iDcreasing  mass  of  vehicular  street  traffic,  which  makes  some 
of  our  cities  veritahle  pandemoniums.  Luckily  it  seems  that  we  are  likelj 
through  the  skill  and  energy  of  our  engineers  to  meet  these  difficulties  in  more 
than  one  way.  The  cycle,  which  commenced  as  an  amusement  and  went  on  as  a 
£&diionahle  erase,  has  now  settled  down  into  heing  the  poor  man's  horse.  The 
number  of  our  working  population  that  use  the  cycle  for  going  to  and  from  their 
work  is  already  very  large  and  is  steadily  increasing,  ana  their  use  of  the  roads 
must  be  considered.  Then  came  the  motor-car,  developed  in  France  to  such  an 
amazing  extent,  and  which  seems  now  likely  to  be  developed  to  an  equal  extent  in 
this  country.  After  many  years  of  objecting  to  the  use  of  the  overhead  trolley 
system,  our  town  authorities  seem  now  to  have  determined  that  the  only  way  of 
relieving  street  traffic  is  by  an  enormous  development  of  electrical  tramways,  and 
on  all  sides  we  find  the  large  towns  rivalling  one  another  in  the  extent  of  the 
tramway  systems  which  they  have  dther  acquired  or  are  laying  down  for  them- 
selves. It  seems  opportune  now  to  point  out  that  a  great  deal  of  mischief  may 
accrue  by  this  indiscriminate  use  of  tramways,  and  for  those  who  are  considering 
these  matters  I  brin^  forward  a  few  facts  which  are  wprthy  of  notice.  Of  course, 
in  new  countries,  or  m  new  towns  in  old  countries,  where  the  roads  are  rough  and 
bad,  anything  in  the  nature  of  a  tramway  usiDg  rails  is  an  improvement  on  a  road- 
way ;  but  when  we  are  dealing  with  cities  which  already  possess  well  laid  out  and 
well  paved  streets  on  which  all  kinds  of  wheel  traffic  can  be  carried  on  with  a 
minimum  of  rolling  resistance,  it  seems  wrong  from  an  engineering  point  of  view 
to  break  up  the  surface  of  these  streets  for  the  purpose  of  laying  tramways,  and  for 
the  following  important  reasons :  Traffic  carried  on  a  roadway  by  vehicles,  whether 
horse-drawn  or  by  cycle  or  motor-car,  differs  from  traffic  carried  on  rails  chieflv  in 
that  the  former  vehicles  possess  an  important  power,  vix.,  that  ot  overtaking y  which 
is  not  possessed  by  the  latter,  that  is  to  say  that  vehicles  on  the  plain  road  surface 
can  overtake  a  stopping  or  a  slower  vehicle  going  in  the  same  direction  without 
interfering  with  other  vehicles,  whereas  on  rails  the  vehicles  going  one  way  must 
always  remain  in  the  same  relation  to  one  another,  so  that  the  speed  of  vehicles 
on  rails  must  always  be  regulated  by  that  of  other  vehicles  going  in  the  same 
direction.  Street  tramways,  for  instance,  must  stop  to  set  down  and  take  up 
passengers :  this  limits  the  speed  average  and  the  number  of  vehicles  per  mile  of 
track,  for  if  there  be  not  sufficient  intervals  between  the  vehicles  they  would  have 
to  stop  and  start  nearly  simultaneously.  Thus  the  carrying  capacity  of  the  best 
modem  electrical  tramway  is  limited  by  this  want  of  overtaking  power.  I  have 
made  careful  inquirv  from  those  who  have  great  experience  in  tramways  not  only 
in  this  country  but  m  America  and  on  the  Oontinent,  and  I  find  that  it  is  generaUy 
admitted  that  the  maximum  carrying  capacity  of  an  electrical  tramway  in  one 
direction  is  4,000  passengers  per  hour  carried  past  any  given  point.  1  find 
that  a  full-gauge  suburban  or  metropolitan  railway  crowded  to  its  fullest  extent 
cannot  carry  more  than  12,000  passengers  per  hour.  Now  most  of  us  have  often 
seen  large  crowds  taken  away  from  a  point  of  attraction  by  omnibuses  and  horse- 
drawn  vehicles,  and  have  noticed  that  the  crowded  omnibuses  almost  touch  one 
another  and  yet  can  go  at  a  fiur  rate  of  speed.  In  this  case  at  eight  miles  per 
hour  speed  14,000  passengers  can  be  carried  from  a  given  point  per  hour. 

Up  to  the  present  a  public  motor-car  service  has  not  yet  been  installed  of  any 
magmtude  to  enable  us  to  compare  the  carrying  capacity  of  motor-cars  with  that 
of  horse-drawn  omnibuses,  but  owing  to  the  reduced  length  of  motor-cars  com- 
pared with  that  of  omnibuses,  and  on  account  of  their  greater  speed  and  greater 
control,  motor-cars  can  now  be  built  to  deal  with  great  crowds  at  an  even  nigher 
rate  per  hour  than  that  noted  above.  It  appears  certain,  therefore,  that  although 
the  provision  of  electrical  tramways  is  undoubtedly  an  economical  means  of  carry- 
ing passengers,  yet  that  these  tramwajs  cannot  lie  laid  in  existing  thoroughfares 
without  considerably  reducing  the  total  road  carrying  capacity  at  times  of  heavy 
pressure  of  traffic,  and  as  it  appears  likely  that  either  for  the  daily  transport  of  the 
workers  to  and  fh)m  their  homes  to  places  of  employment,  or  for  taking  great 
crowds  out  into  the  country  for  pleasure  purposes,  a  motor-car  service  earned  out 
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on  well-made  roads  will  compete  favoorabl  j  witb,  and  in  maoj  ways  inaj  be  prefer* 
able  to,  tramway  service. 

It  must  be  remembered  tbat  the  laying  of  tram  rails  not  only  blocks  ordinarr 
traffic^  but  in  our  most  crowded  streets  it  introduces  dangers  to  all  wheeled  vehides 
not  on  rails,  motorn^rs,  and  cyclists  by  the  skidding  of  the  wheels  when  they  eras 
the  line  of  rails,  and  these  dangers  are  daily  causing,  and  are  still  lik^y  to  canse, 
yery  serious  accidents. 

The  increased  road  and  street  traffic  and  the  deyelopment  of  new  means  of 
road  locomotion  have  made  imperative  some  modification  <  f  our  existing  svstem  of 
roadway  administration.  Cycles,  motor-cars,  electrical  trarocars,  have  Wn  in- 
vented and  put  on  roads  which  are  maintained  and  worked  exactly  as  they  were 
seventy  years  ago  at  the  commencement  of  the  railway  era,  when  the  population 
of  the  United  Kingdom  was  half  its  present  figure,  and  that  of  the  large  towns 
one-tenth  of  the  present  figure.  During  the  150  years  previous  to  the  railway  en 
the  ancient  tracks  were  gradually  improved  into  tolerably  efficient  roads  for  coach 
and  wagon  traffic,  but  after  the  introduction  of  railways  there  was  a  complete 
cessation  of  improvement,  as  for  fifty  years  after  the  railways  started  the  old 
roads  were  equal  to  the  farmers'  and  local  traffic  which  the  railways  left  for  them ; 
but  for  the  last  twenty  years  the  roads  near  to  the  great  towns  have  been  inadequate, 
and  now  that  the  cyclist  and  motor-carist  travel  over  the  whole  of  the  roads  of  the 
country  the  neglect  of  our  ancient  roadway  system  is  very  apparent. 

Although  the  urban  populations  have  so  greatly  increased,  the  old  coaching 
roads  are  still  the  only  ones  that  exist ;  no  main  roads  parallel  to  the  old  ones  or 
alternative  to  them  have  ever  been  made.  Towns  which  are  now  joined  by  rail- 
ways grew  out  of  small  rows  of  houses  built  facing  the  main  road;  in  fact  in 
many  cases  the  road  made  the  town.  During  the  early  part  of  the  railway  era, 
when  the  roads  were  so  little  used  from  coacliing  falling  into  disuse,  encroach- 
ments on  the  roadway  took  place  in  and  near  the  towns,  such  roads  being  now 
actually  narrower  and  less  suitable  for  traffic  than  in  the  coaching  days:  so  that 
these  towns  which  owe  their  existence  to  these  roadways  now  put  every  impediment 
and  hindrance  to  their  use  by  the  travelling  public.  "What  is  needed  is  that  towns 
situated  on  our  main  through  roads  shomd  provide  alternative  routes,  so  thtt 
through  travellers  could,  if  Uiey  desired,  avoid  the  crowded  streets  of  the  town. 
One  method  of  providing  such  relief  roads  would  be  by  by-laws  providing  that  all 
building  estates  should  set  aside  land  for  main  roads.  The  building  estates  which 
aro  developed  around  our  great  towns  never  provide  a  road  which  can  be  used  as  a 
main  line  of  thoroughfare,  although  by  their  very  act  of  building  additional  bouses 
they  cause  additional  congestion  to  the  main  roads.  They  lay  out  th^  roads  to 
obtain  quiet  for  those  who  live  on  the  estate,  and  take  every  possible  means  to 
provent  their  estate  roads  from  taking  a  share  of  the  main  thoroughfare  trafiic. 

Parliament  must  take  in  hand  an  improved  administration  of  our  high- 
ways by  a  comprehensive  scheme.  Far  too  many  ancient  main  lines  of  thorough- 
fare, already  too  narrow  for  the  traffic  which  is  on  them,  are  being  blocked 
by  having  tramways  laid  on  them;  these  cause  the  development  of  building 
estates,  which  throw  additional  traffic  on  to  these  thoroughfares.  Apart  from  the 
roads  themselves,  the  complicated  conditions  of  street  and  road  traffic  demand 
careful  regulation.  Street  traffic  should  be  carried  as  far  as  possible  by  lines  of 
vehicles  driven  as  nearly  parallel  to  one  another  as  possible.  The  rule  of  the 
road,  as  it  is  called,  and  which  is  embodied  in  an  Act  of  Parliament,  6  and  6  of 
William  IV.,  which  is  commonly  called  the  Highways  Act,  says  that  every 
vehicle  is  to  keep  as  close  as  possible  to  the  left,  or  near  side  of  the  road,  except 
when  overtaking  another  vehicle  going  in  the  same  direction,  and  then  it  is  to 
keep  to  the  off  side  of  the  overtaken  vehicle  as  closely  as  possible.  As  a  matter 
of  fact,  everybody  knows  that  this  rule  is  habitually  neglected  by  drivers  who, 
whenever  they  get  a  chance,  drive  down  the  centre  of  the  road,  so  that  others 
who  overtake  them  dare  not  do  so  on  the  wrong  or  near  side,  but  must  pass  out 
far  to  the  off  side  of  the  road,  and  consequently  interfere  with  the  traffic  comuig 
in  the  opposite  dh-ection.  This  neglect  of  the  rule  of  the  road  causes  a  great 
waste  of  space  immediately  behind  every  vehicle,  and  is  one  of  the  chief  t^nsea 
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of  the  limited  carrying'  capacity  of  the  streets  in  cities  where  the  police  do  not 
attend  to  this  important  matter.  It  can  he  remedied  hy  the  existing  police 
regulations  heing  adhered  to  and  insisted  on  by  fixed-point  constables,  or  by 
constables  moving  about  on  motor-cars  or  bicycles^  SJow  moving  and  fre<}uently 
stopping  Tehides  are  another  cause  of  congested  traffic.  A  great  deal  might  lie 
done  by  arranging  that  during  certain  hours  much  of  the  slower  moving  traffic  is 
shunted  into  altematiTe  routes,  so  as  to  be  kept  by  itself.  An  increase  in  the  speed 
of  the  street  traffic  is  desirable ;  for  the  faster  the  vehicles  travel  the  less  the 
street  is  occupied  by  them.  Motor-cars  can  safely  travel  at  sixteen  miles  an  hour, 
and,  therefore,  need  only  take  half  the  time  and  occupy  od\j  half  the  street 
surface  that  an  omnibus  does  when  travelling  at  eight  miles  per  uour.  Such  high 
speeds  as  these,  which  are  desirable  and  perfectly  safe  for  motor-cars,  cannot, 
however,  be  obtained  unless  some  regulations  are  made  as  to  the  use  of  the 
roadways  by  foot  passengers.  There  is  no  rule  of  the  road  for  foot  passengers — 
they  pass  one  another  on  the  footpath,  or  vehicles  in  the  roadway,  just  as  they 
plesse.  No  driver  of  a  vehicle  in  the  road  who  sees  a  foot  passenger  stepping  into 
the  roadway  can  ever  tell  with  certainty  what  his  movements  will  be.  It  will  be 
no  hardship  to  foot  passengers  to  insist  on  their  movements  being  regulated. 

Much  has  been  recently  ssid  and  written  on  the  subject  of  motor-cars  and 
motor- wagons.  It  is  generally  admitted  that  there  will  be  considerable  scope  for 
engineering  skiU  and  capital  in  their  improvement  and  construction.  It  is  oy  no 
means  an  easy  problem  to  put  into  the  hands  of  the  public  such  a  complicated 
piece  of  mechanism  as  a  self-propelled  carriage  which  has  in  most  cases  to  be 
managed  and  driven  by  men  who  have  had  no  special  mechanical  training.  Motor- 
cars to  be  universally  successful  must  be  made  so  as  to  reduce  to  a  minimum  the 
liability  to  break  down ;  repairs  must  be  limited  to  the  replacement  of  worn  or 
damaged  parts  by  other  parts,  which  must  be  supplied  bv  the  manufacturers  so 
that  they  can  be  readily  put  in  by  the  unskilled  users.  That  this  can  be  done  is 
shown  by  the  success  and  universal  use  of  typewriters,  sewing  machines,  and 
bicycles :  all  of  these  are  reallj  complicated  pieces  of  mechanism,  but  which  are 
now  in  such  general  use  and  in  everyone's  hands.  In  these  cases,  however,  the 
organised  manufacture  of  machines  with  thoroughly  interchangeable  parts,  or  com- 
ponents as  it  is  the  fashion  to  call  them,  has  only  been  developed  after  the  type  of 
machine  had  settled  down,  and  this  up  to  the  present  cannot  be  said  of  the  motor- 
car or  motor-wagon.  Up  to  the  present  the  development  of  these  cars  has  gone 
on  on  several  lines.  The  development  in  France,  which  so  far  has  led  the  world, 
has  been  principal^  in  the  direction  of  the  use  of  light  motors  driven  by  petrol 
spirit.  Again  to  France  we  owe  the  flash  boiler  of  SerpoUet,  which  assists  the  use 
of  steam  engines  for  this  purpose. 

At  first  sight  steam,  with  the  complications  of  boiler,  engine,  and  condenser, 
does  not  appear  likely  to  compete  favourably  with  the  simpler  spirit  motor,  but  for 
heavier  venicles,  where  steady  heavy  pullmg  power  is  of  importance,  up  to  the 
present  no  internal  combustion  motor  has  competed  with  it.  The  Americans, 
with  their  usual  skill  and  power  of  rapidly  organising  a  new  manufacture,  have 
already  turned  out  a  very  large  nnmber  of  steam-driven  motor-cars,  which  are  so 
largely  in  use  in  unskilled  hands  that  it  shows  that  they  hare  already  solved  the 
proolem  to  some  extent 

The  directions  in  which  the  two  classes  of  motors  require  further  development 
are,  for  the  internal  combustion  motors,  the  satisfactory  and  inodorous  use  of  the 
heavier  oils,  and  in  this  perhaps  Herr  Diesel  may  help  us  with  his  wonderfully 
economical  motor  improvements  in  the  clutch  mechanism,  for  with  all  in- 
ternal combustion  engines  up  to  the  present  it  has  been  found  impossible  to  start 
the  motor  when  coupled  to  the  driving-wheels  of  the  car ;  and  in  the  case  of  the 
steam  motor  the  simplification  of  the  boUer,  the  boiler  feed  mechanism,  the  inodorous 
and  noiseless  burning  of  heavy  oils  as  fuel,  improved  condensers,  methods  of 
lubricating  the  pistons  and  valves  so  as  to  avoid  oil  passing  back  to  the  boiler 
with  the  condensed  water,  and  the  rendering  of  all  processes  of  boiler  feed  and  fuel 
feed  mechanisni  completely  automatic  so  as  not  to  require  the  attention  of  the 
driver.    On  points  common  to  both  classes,  although  much  has  been  done,  further 
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improvement  is  required  in  the  methods  of  transmitting  the  power  £rom  the  motor 
to  the  drivinff-wheels.  In  the  case  of  the  steam  cars,  where  this  has  been  daoB 
by  svagle  reduction,  using  chain,  pinion,  and  sprockets,  very  efficient  and  noieeless 
transmission  has  ali^Bady  been  obtained,  but  up  to  the  present  in  most  of  the  mtemal 
combustion  engines  where  more  than  two  cylinders  haye  to  be  employed,  it  has 
been  found  necessary  to  arrange  the  crank  shaft  of  the  motor  at  right  angles  to  the 
axle  of  the  driying^wheels,  so  that  part  of  the  transmission  having  to  be  throv^ 
bevel  j^r,  this  part  has  up  to  the  present  always  been  noisy.  In  the  providing 
of  noiseless  and  efficient  chain  driving,  the  manufacturer  of  can  has  gained 
greatly  by  the  high  degree  of  perfection  to  which  these  chains  had  already  attained 
for  bicycle  work. 

The  recent  great  road  races  which  have  taken  place  in  France  and  ekewhere 
have  shown  that  the  motor-car  can  be  driven  safely  at  a  very  high  speed,  already 
reaching  in  some  cases  seventy  miles  an  hour ;  but  to  render  this  capacity  for  high 
speed  useful,  not  only  must  special  roads  be  provided  on  which  these  high-spMd 
cars  can  travel  without  danger  to  others  and  with  least  slip  and  wear  and  tear  of 
tyres,  but  a  great  deal  requires  to  be  done  in  the  improvement  of  the  pneumatic 
tyres,  which  at  present  ^t  excessively  hot,  and  therefore  damaged  by  tnesa  high- 
speed runs.  At  these  high  speeds  the  medianical  work  done  on  the  material  of 
which  the  outer  covers  of  pneumatic  tyres  are  composed  is  excessively  high.  It 
can  probably  be  reduced  by  mcreasing  the  diameter  of  the  wheels,  but,  of  coursoi 
at  the  cost  of  increased  weight  and,  to  some  extent,  of  stability,  for  the  side  strains 
on  the  wheels  of  these  cars  when  swinging  round  curves  of  sharp  radius  are  very  great. 

Another  direction  in  which  mechanical  invention  is  required  for  the  wheels 
of  motor  cars  and  wagons  is  a  shoeing  or  protection  of  hard  material  of  easily 
renewable  character  which  can  be  firmly  and  safely  attached  to  the  outside  of  th« 
tyre  covers  to  take  the  wear  and  cutting  action  caused  by  the  driving  strain  and 
by  the  action  of  the  breaks  on  sudden  stops. 

The  late  R.  W.  Thomson,  of  Edinburgh,  made  good  progress  some  thirty  years 
ago  in  providing  steel  shoeing  for  the  solid  rubber  tyres  he  thai  used,  and  the 
problems  of  providing  the  same  for  pneumatic  tyres  ought  to  be  no  harder  than 
those  he  then  successfully  encountered. 

One  of  the  topics  which  has  been  most  strongly  discussed  during  the  last  year 
has  been  the  position  which  this  country  holds  relativdy  to  oUier  countries  as 
regards  its  commercial  supremacy  in  engineering  matters.  A  fSsw  years  back  we 
tvere  undoubtedly  ahead  of  the  world  in  most  branches  of  mechanical  engineering, 
but  owing  to  the  huge  development  of  mechanical  engineering  in  America  and 
Germany,  we  are  certainly  being  run  very  hard  by  these  countries,  and  everyone 
is  looking  for  means  to  help  us  to  regain  our  old  position.  In  endeavouring 
to  learn  from  America  we  see  that,  although  the  workmen  in  that  country 
receive  higher  wages  than  they  do  here,  and  although  the  cost  of  some  of  the 
materials  is  higher  than  it  is  here,  their  manufacturers  mana^  to  deliver  enginery 
tools,  and  machinery  of  all  classes  of  excellent  quality  at  a  price  which  ai^ears  to 
our  manufecturers  to  be  marvellously  low.  When  we  look  into  the  matter  we  find 
that  the  chief  difference  between  the  manufacturer  of  America  and  the  nuum- 
facturer  at  home  is  that,  whether  it  be  steam-engines,  tools,  agricultural  madiinery, 
or  electrical  machineiy,  the  American  invariably  manufactures  goods  in  large 
quantities  to  standara  patterns,  whereas  we  rarely  do  so  here,  at  any  rate  to  the 
same  extent.  Where  we  turn  out  articles  by  the  dozen  the  American  turns  them 
out  by  the  hundred.  This  difierence  in  the  extent  to  which  an  article  is  reduplicated 
is  caused  by  the  Americans  having  realised  to  a  far  greater  extent  than  we  have 
the  advantage  of  standardisation  of  types  of  machinery.  They  have  felt  this  so 
strongly  that  we  find  in  America  that  work  is  far  more  specialised  than  it  is  here, 
so  that  a  manufacturer  as  a  rule  provides  himself  with  a  complete  outfit  of  maehi* 
nery  to  turn  out  large  numbers  of  one  article.  He  lavishes  his  expMiditure  oo 
special  machinery  to  produce  every  part  sufficiently  accurate  to  dimension  to  secure 
thorough  interchangeability ;  consequently  the  cost  of  erec^ng  or  assembling  the 
prts  is  far  less  than  it  is  here.  One  reason  why  the  American  manufiustuier  has 
been  able  to  impose  on  his  purchasing  public  his  own  standard  types,  whereas  we 
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kAT6  not  been  able  to  do  so,  is  that  very  rarely  in  America  does  a  oonsnitiiig 
engineer  oome  between  the  manufacturer  and  the  user,  whereas  here  it  is  the 
Miion  for  the  majorit]^  o^  purchasers  of  machinery  to  engaffe  a  oonsulting 
engineer  to  specify  and  inspect  any  machinery  of  importance.  By  this  I  do  not 
impute  any  blame  to  our  consulting  engineer ;  he  considers  the  requirements  of 
his  client,  and  insists  that  they  are  to  be  adhered  to  as  closely  as  possible ;  to  him 
the  fadltty  of  the  production  of  articles  in  larse  quantities  is  of  no  moment  In 
America  it  seems  to  be  understood  by  the  purchaser  that  it  b  a  distinct  advantage 
to  everyone  concerned,  both  manmacturer  and  purchaser,  that  the  purchaser 
should  to  some  extent  give  way  and  modify  his  requirements  so  as  to  conform 
with  the  standard  patterns  turned  out  by  the  manufacturer.  Although  manu- 
&oturers  all  hope  for  this  simplification  of  patterns,  yet,  for  the  reasons  I  have 
given,  it  will  be  some  time  bdrore  their  hope  is  realised.  But  on  other  matters  it 
is  quite  possible  for  manu&cturers  to  combine,  so  as  to  obtain  some  standardisa- 
tion of  parts  which  they  manufacture  which  will  reduce  costs  and  be  of  advantage 
to  everrme  concerned.  Many  yean  ago  Sir  Joseph  Whitworth  impressed  on  the 
world  the  importance  in  mechanical  eojEJineering  of  extreme  accuracy,  and  of  secure 
ing  the  accurate  fit  and  interehangeability  of  parts  by  standard  ffauges.  But  in  spite 
of  his  idea  being  so  widely  known  and  taught,  how  seldom  it  has  been  acted  upon 
to  the  extent  U^t  it  should  be.  We  pride  ourselves  on  having  all  our  screws  made 
of  Whitworth  standard,  and  yet  how  many  of  the  standard  bolts  and  nuts 
made  by  different  makers  fit  one  another  P  I  myself  have  sat  on  a  committee 
of  this  Association  which  was  called  together  twenty  years  ago,  with  Sir  Joseph 
Whitworth  as  a  member  of  it,  to  fix  on  a  screw  gauge  which  would  be  a  satisfactory 
continuation  of  the  Whitworth  screw  gauge  down  to  the  smallest  size  of  screw 
used  by  watchmakers.^  It  has  taken  all  these  years  to  carry  out  the  logical  outcome 
of  Sir  Joseph  Whitworth^s  original  idea,  viz.,  the  providing  of  stuidards  to  be 
deposited  in  care  of  a  public  authority  to  act  as  standard  gauges  of  references. 
The  complete  interehangeability  of  |!arts  which  I  have  aTOve  referred  to,  and 
which  b  so  desirable  in  modem  machinery,  can,  of  oourse,  be  obtained  within  the 
limits  of  one  works  by  that  works  providing  and  maintaining  its  own  standards  to 
a  sufficient  degree  of  aiecuracy.  But  if  the  artides  be  such  as  watches  or  bicycles, 
motor-cars,  &c.,  it  is  very  desirable  that  all  parts  liable  to  require  replace- 
ment should  be  made  by  all  manufacturers  to  one  standard  of  size,  and  in 
order  that  the  gauges  required  for  this  purpose  should  all  be  exact  copies 
of  one  another  it  is  necessary  that  they  should  be  referable  to  gauges 
deposited  either  with  the  Board  of  Trade  or  with  some  body  specially  fitted  to 
verify  them  and  maintain  their  accuracy. 

Up  to  the  present  the  Board  of  Trade  has  dealt  with  the  simple  standards 
of  weight,  capacity,  and  length,  but  in  other  countries  National  Standardising 
Laboratories  nave  been  provided,  viz.,  by  the  Germans  at  their  Beichsanstalt 
at  Charlottenburg,  and  with  the  happiest  results;  here  at  last,  through  the 
exertion  of  the  Council  of  the  Royal  Society,  our  Government  has  been  moved  to 
give  a  grant  in  aid  and  to  co-operate  with  the  Royal  Society  to  establish  a  National 
Fhysical  Laboratory  for  this  country.  About  ten  years  a^  Dr.  Oliver  Lodge  gave 
the  outlines  of  a  scheme  of  work  for  such  an  mstitution.  Later  Sir  Douglas 
Galton,  in  his  Presidential  Address  to  this  Association,  called  attention  to  the 
good  work  done  by  the  Germans  and  the  crying  need  that  existed  for  such  an 
institution  in  this  country.  The  matter  has  since  progreesed.  A  laboratory  is 
already  in  existence,  and  will  soon  be  at  work,  at  Bushy  House,  Teddington :  it 
is  a  laige  residence,  which  was  once  occupied  bv  the  late  Duke  of  Clarence  and 
afterwttds  by  the  Due  de  Nemours.  It  will  make  an  admirable  laboratory,  as  it 
has  lam  and  lofty  rooms  and  a  vaulted  basement  in  which  work  can  be  carried  on 
where  it  is  important  to  secure  the  observer  against  changes  of  temperature. 

The  aims  of  a  National  Physical  Laboratorv  have  been  well  put  forward  by 
Dr.  Glacebrook  in  a  recent  lecture  at  the  Royal  Institution,  in  which  he  points  out 
how  littie  science  has  up  to  the  present  come  to  be  regarded  as  a  commercial  factor 

1  A  report  of  this  Committee  will  oome  before  you  during  this  meeting. 
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ill  our  commercial  world.  The  position  of  manufacturera  of  all  classes  must  be 
helped  and  improved  by  a  well-considered  series  of  investigations  on  the  properties 
of  materials,  measurements  of  forces,  and  by  the  careful  standardisation  of  and 
granting  certificates  to  measuring  apparatus  of  all  classes.  Until  the  question  is 
fairly  fiiced  and  studied,  few  manufacturers  realise  how  helpless  individual  effort 
or  individual  investigations  must  be  when  compared  with  comprehensive  and  con- 
tinuous investigations  which  can  be  carried  on  by  a  National  Laboratory  so  as  to 
deal  with  the  whole  of  each  subject  completely  and  exhaustively,  instead  of  each 
iuveatigatiou  being  limited  by  the  temporair  need  of  each  manufacturer  or  user. 

As  an  example  Dr.  Glazebrook  showed  how  much  has  been  done  at  Jena  and 
afterwards  at  the  Reichsanstalt  in  the  development  of  the  manufacture  of  glass  used 
in  all  classes  of  scientific  apparatus.  The  German  glass  trade  has  benefited 
enormously  from  these  investigations.  The  microscopic  examination  of  metals, 
which  was  begun  by  Sorby  in  1864,  has  been  much  worked  at  by  individual  investi- 
gators in  this  country,  but  its  further  development,  which  is  probably  of  enormous 
importance  to  arts  and  manufactures,  is  clearly  the  duty  of  a  National  Laboratory. 
We  owe  much  to  the  investigations  of  the  Alloys  Research  Committee  of  the 
Institution  of  Mechanical  Engineers ;  but,  again,  this  is  work  for  the  National 
Laboratory.  As  regards  the  measurement  of  physical  forces  how  little  is  accu- 
rately known  of  the  laws  governing  air  resistance  and  wind-pressures,  and  the 
means  of  measuring  them.  Who  can  formulate  with  any  certainty  a  law  for  the 
air  resistances  likely  to  be  met  with  at  speeds  in  excess  of  eighty  miles  an  hour, 
the  importance  of  which  I  have  already  noticed  P 

I  have  already  alluded  to  the  verification,  care,  and  maintenance  of  ordinary 
standard  gauges  of  accuracy.  In  this  electrical  age  the  accuracy  of  electric  standards 
is  of  supreme  importance. 

These  are  only  a  few  of  the  directions  in  which  we  can  foresee  that  the  establish* 
ment  of  a  National  Physical  Laboratory  will  be  of  the  greatest  use  and  assistance 
to  our  country  in  enabling  it  to  hold  its  own  in  scientific  and  en^neering 
matters  with  its  energetic  rivals.  The  work  has  been  commenced  on  a  small  scale, 
but  it  is  to  be  hoped  that  its  usefulness  will  become  at  once  so  evident  and  ^^re- 
ciated  that  it  will  soon  be  developed  so  as  to  be  worthy  of  our  country. 


The  following  Papers  were  read : — 

1.  The  Meclicmical  Exhibits  in  the  Glasgow  Exhibition, 
By  D.  H.  Morton. 


2.  Long  contimious  burning  Petroleum  Lamps  for  Buoys  and  Beacons. 
^y  John  K  Wigham. 


3.  New  SciiUUlating  LiglUhouse  LighL    By  John  R.  Wigham. 


4.  A  Recording  Ma/nometerfor  High-pressure  Explosions. 
By  J.  E.  Pbtavbl. 

In  this  instrument  the  spring  of  the  ordinary  indicator  is  replaced  bv  a  metal 
cylinder.  The  travel  of  the  piston  is  therefore  limited  to  the  amount  allowed  by 
the  elastic  compression  of  the  metal  (about  one  thousandth  of  an  inch  in  the  case 
of  the  present  records). 

The  diagrams  exhibited  are  typical  of  the  results  obtained :  they  both  refer 
to  a  mixture  of  air  and  gas  in  the  ratio  of  6*4  to  1  fired  at  an  initial  pressure  of 
about  1,190  lb.  per  sq.  indi.  In  the  second  figure  the  speed  of  the  chronograph 
has  been  greatly  reduced  so  as  to  obtaii  a  clear  record  of  the  rate  of  cooling. 
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FRIDAY,  SEPTEMBER  13. 

The  following  Report  and  Papers  were  read : — 

1.  Report  on  tJie  Eesistance  of  Road  Vehicles  to  Traction, 
See  Reports,  p.  402. 


2.  Railway  Rolling  Stock,  Present  and  Future, 
By  Norman  D.  Macdonald,  Advocate, 

In  this  paper  the  discussion  is  confined  to  rolling  stock  as  used,  and  as  likely 
to  be  used,  in  Great  Britain,  only  touching  upon  the  progress  in  other  countries 
so  far  as  it  can  be  used  to  illustrate  or  provide  hints  for  our  future.  Nor  does 
it  dwell  on  the  present  state  of  the  art  except  so  far  as  to  show  the  future 
tendency.  An  attempt  is  made  to  raise  points  for  thought  and  discussion  rather 
than  to  give  a  lecture  on  the  subject  or  to  lay  down  laws  and  principles. 

First,  locomotives  are  treated  on,  and  these  under  the  various  heads  of 
shunting,  mineral,  ^ds,  suburban,  and  express.  Suggestions  are  made  as  to  the 
best  types  for  each  m  future,  and  the  class  of  demands  they  will  have  to  answer  to. 
The  question  of  compound  vtrms  simple  is  looked  at,  and  also  the  matters  of  steam 
pressures,  types  of  boilers,  compensating  levers  (with  special  reference  to  the 
method  in  use  on  the  New  York  Central  and  Hudson  River  Railroad  for  throwing 
extra  weight  on  the  drivers),  water  tubes,  arrangements  of  fire-boxes,  and  all  the 
details  necessary  to  produce  an  efficient  and  powerful  machine  on  our  confined 
gauge.  The  various  pointa  observed  at  the  Paris  Exhibition  for  getting  more 
power  are  touched  upon.  Also  the  modifications  of  designs  necessary  to  obtaining 
a  clear  view  ahead  when  a  huge  boiler  is  used.  Reference  is  made  to  the  use  of 
auxiliary  electric  locomotives  on  grades.  The  various  types,  *  four-coupled,'  '  ten- 
wheeled,'  and  '  Atlantic '  for  express  locomotives  are  discussed.  But  in  the  whole 
paper  no  attempt  is  made  to  be  technical  or  to  descend  to  mere  details.  Loco- 
motive tenders  are  briefly  touched  on  with  reference  to  track-tanks  and  their  uses. 

Next,  passenger  coaches  are  dealt  with,  including  all  questions  of  couplers, 
brakes,  heating,  and  ventilation.  The  various  types  of  trains  and  coaches — suburban, 
ordinary  local,  and  express ;  sleeping  cars  (first  and  third),  dining  cars,  buffet  cars, 
kitchen  cars,  and  a  new  type  for  suburban  trains,  with  references  to  United  States, 
Russian,  and  Clontinental  practice  and  progress — are  fully  discussed.  The  coming 
competition  of  electric  trams  and  motor-cars  for  suburban  traffic  compels  the  con- 
sideration of  new  types  of  rolling  stock  for  competitive  purposes.  High-speed 
brakes  for  special  stock  are  touched  on. 

Lastly,  goods  and  mineral  waggons  claim  attention,  and  in  regard  to  these, 
economical  transport  in  larger  units,;  couplers,  continuous  brakes,  and  all  the 
various  questions  of  quick  handling  iand  quick  transport  are  looked  at  A  cross 
between  United  States  and  British  practice  is  advocated,  and  the  examples  of  such 
from  the  colonies  are  adduced  in  illustration. 


3.  The  Panama  Canal,     By  P.  Bunau  Varilla. 


4.  On  a  Leaf-arrestor,  or  Apparatus  for  removing  Leaves^  dc^froni  a 
Water  Supply,     By  The  Earl  op  Rosse. 

Having  recently  erected  a  turbine  of  16  h.p.,  with  S-foot  fall,  for  working  an 
electric  light  installation  at  Birr  Castle.  I  found,  as  I  had  anticipated,  considerable 
trouble  through  leaves,  &c.,  choking  the  screen  in  the  water  supply,  so  much  so 
that  during  the  fall  of  the  leaf  last  autumn  the  output  was  generally  reduced  to 
one  half  in  the  course  of  half  or  three-quarters  of  an  hour's  working  unattended, 
notwithstanding  that  the  area  of  the  screen  was  nearly  a  hundred  square  feet. 
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Accordingly  an  apparatus  was  deylsed  for  remedying  the  evil.  It  was  so 
successful  that  the  turbine  would  go  for  a  whole  day  without  attention  and 
without  diminution  of  output  from  the  above  cause. 

The  apparatus  consists  of  a  cylinder  of  wire  gauze,  of  4  feet  diameter  and 
4^  feet  height,  set  in  an  opening  in  a  vertiMl  diaphragm  eztandiDg  across  ths 
supply  drain  and  revolying  twice  in  a  minute  or  so  round  a  Terticu  axis.  The 
current  flows  through  the  gauze  cylinder  in  a  horizontal  direction.  The  leaves, 
carried  down  with  the  current,  attach  themselves  under  pressure  of  the  stream, 
are  carried  round  tiU  they  reach  the  diaphragm,  which  on  that  side  is  double, 
with  an  intervening  space  of  some  ten  inches,  which  is  connected  vnth  th^  tail- 
race  ;  and  at  this  point,  the  current  through  the  gauze  being  reversed,  the  leaves 
are  detached  and  are  carried  by  a  portioa  of  the  water  towards  the  taU-mce. 
Four  or  five  per  cent,  of  the  supply  is  ample  for  conveying  the  leaves ;  probal^ 
much  less  would  suffice.  A  very  few  leaves  get  past  and  on  to  the  scrsoB,  but  so 
few  that  they  give  no  trouble. 

The  apparatus  has  also  been  constructed  of  the  disc  form,  and  also  as  a 
cylinder  on  a  vertical  axis,  the  water  entering  aU  round,  except  along  one  vertical 
section  connected  with  the  tail-race  as  before,  and  bearing  vertically  downwards 
round  the  axis ;  but  only  as  working  models,  and  on  this  scale  they  are  even  mine 
effectual  in  their  action.  But  there  seemed  no  sufficient  reason  for  niodifying  the 
fiQl-sized  apparatus,  which  has  now  been  in  action  for  nearly  a  year,  aad  has  given 
complete  satisfaction. 


SATURDAY,  SEPTEMBER  14. 

The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  16. 

The  following  Papers  were  read  :■ — 

1.  The  Protection  of  Buildings  from  lAghtning, 
By  KiLLiNGwoRTH  Hbdges,  MJnstCE.^  M,LB,B. 

The  last  time  this  subject  was  brought  before  this  Association  was  at  the  Bath 
meeting  in  1888,  when  a  joint  discussion  of  Sections  A  and  Q  was  held ;  but  there 
has  been  no  official  report  as  to  the  effect  of  lightning  stroke  upon  building 
protected  by  conductors  since  the  Lightning  Rod  Oonferenee  of  1882.  Interest  m 
the  subject  has  been  again  revived,  first,  by  the  Eleetro-Technische  Verein  of 
Berlin,  who  have  this  year  published  a  set  of  rules;  and  secondly,  by  the 
establishment  in  this  country  of  the  Lightning  Research  Committee,  organised 
jointly  by  the  Royal  Institute  of  British  Architects  and  the  Surveyors'  Institute. 

The  author  compares  Continental  and  American  practice,  and  gives  an  account 
of  his  rearrangement  of  the  system  used  at  St.  jPaul's  Oathednd,  where  the 
conductors,  erected  as  recently  as  1872^,  were  found  to  be  totally  inefficient,  both  as 
regards  the  conductivity  of  the  joints  and  the  re^tance  of  the  earth  connections. 
In  the  plan  recommended,  both  for  this  installation  and  for  the  more  recent  one  at 
Westminster  Abbey,  the  number  of  ordinary  conductors  from  air  to  earth  has 
been  greatly  increased,  and,  besides  these,  horizontal  cables  are  run  on  the  rid^ 
of  the  roois  and  in  other  pominent  positions  so  as  to  endide  the  buildiiig^  being 
interconnected  to  the  vertical  conductors  wherever  they  cross  one  another.  The 
horizontal  cables  are  furnished  at  intervals  with  aierettes^  or  spikes,  wUeh  are 
invisible  from  the  ground  level,  and  are  designed  to  give  many  points  of 
discharge.    At  the  same  time  they,  in  conjunction  with  the  caUeSy  wow  receive 
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any  dde  flash  which  might  occur  should  any  portion  of  the  building  receive  a 
direct  stroke  of  lightning. 

The  unreliability  of  soldered  joints  for  conductors,  whether  of  cable  or  tape, 
has  led  the  author  to  design  a  special  joint  box,  which  can  be  applied  for  unitmg 
any  portion  of  the  system  together  in  such  a  manner  as  to  give  great  mechanicfd 
strength  as  well  as  good  electrical  contact;  at  the  same  time  any  box  can  have 
points  inserted  so  as  to  form  an  aigrette  in  any  desired  position. 

Owing  to  the  diiiiculty  of  sinlung  an  earth  plate  of  sufficient  area,  on  account 
of  old  foundations,  a  special  form  of  tubular  earth  has  been  designed  which  takes 
up  little  space  and  has  the  advantage  that  if  a  suitable  moist  ground  is  not 
obtainable  the  desired  low  electrical  resistance  is  attained  by  leading  a  tube  in 
connection  with  the  rain-water  pipes,  so  that  a  portion  of  the  rain&ll  is  diverted 
to  the  tubular  earth. 

The  author  alludes  to  the  immense  amount  of  damage  to  pro^rty  annually 
occurring  which  might  be  prevented  if  efficient  conductors  were  installed.  He 
mentions  that  instead  of  everj^  church  having  its  lightning  conductor  not  ten 
per  cent,  are  so  provided ;  and  in  the  case  of  other  public  buildings  the  percentage 
IS  not  much  larger,  the  reason  in  the  case  of  the  K)rmer  class  of  buildings  being 
that  a  vicar  wishing  to  safeguard  his  church  has  usually  to  pay  the  cost  out  of 
his  own  pocket. 

Architects,  as  a  rule,  treat  the  question  of  lightning  conductors  in  a  very  brief 
manner,  and  in  tbeir  specifications  seldom  say  anythmg  as  to  the  way  in  whidi 
they  are  to  be  run,  or  the  necessity  for  good  joints  and  good  earth  connections. 


2.  Ths  Commercial  Importemce  of  Aluminium. 
By  Professor  Ernest  Wilson,  M.LE.E, 

During  the  last  ten  years  enormous  progress  has  been  made  in  the  production 
of  aliuninium.  In  1900  no  less  than  5,000  tons  were  produced  by  plants  having 
26,000  horse-power,  representing  a  capital  of  2,000,OOOZ.  All  aluminium  may  be 
said  to  be  produced  by  the  electrolytic  method,  which  was  patented  by  Hall  in 
America  and  Hurault  in  England  and  France  in  1866-1887.  After  giving  a  short 
r6nLm6  of  the  progress  in  manufacture,  and  a  description  of  the  electrolytic  cell, 
the  author  discussed  the  properties  of  the  metal.  From  experiments  made  at 
!King's  College,  London,  it  appears  that  aluminium  containing  '31  per  cent.  Fe 
and  '14  per  cent.  Si  has  a  specific  resistance  of  2'76  x  10~  ^  ohms  at  15^  C,  which 
shows  that  its  conductivity  is  about  61*5  per  cent,  that  of  copper,  taking 
Matthiessen's  standard.  In  the  form  of  wire  '126  in.  diameter  the  breakW  load 
is  12*6  tons  per  square  inch,  the  limit  of  elasticity  8*65  tons  per  square  inch,  and 
percentage  extension  within  the  limit  of  elasticity  '19,  with  an  applied  force  of 
7*2  tons  per  square  inch.    Some  copper  and  nickel  copper  alloys  give  20  tons  per 

ru-e  inch,  lo  tons  limit  of  elasticity,  '19  per  cent,  extension  within  the  limits  of 
ticity  under  an  applied  force  of  7*2  tons  per  square  inch,  with  a  conductivity 
52  per  cent,  of  that  ot  copper.  The  Standard  Electric  Company  of  CaUfomia  in 
their  43  miles  transmission  line  are  stated  to  use  aluminium  having  10' 1  tons  per 
square  inch  breaking  load,  and  a  conductivity  59*9  per  cent,  of  copper. 

The  weight  of  a  given  volume  of  a  metal  may  govern  its  financial  value. 
Since  copper  is  3*37  times  as  heavy  as  aluminium  it  follows  that,  volume  for 
volume,  aluminium  at  130^  per  ton  is  cheaper  than  copper  at  70/.  per  ton. 

For  equal  conductivity  the  relative  weights  woula  be  1  of  copper  to  ^  of 
aluminium,  and  the  diameter  of  the  aluminium  wire  would  be  1  '27  time  that  of 
the  com»er. 

Dealing  with  wind  pressure  the  author  stated  that  the  total  tensile  streiu^ 
of  an  aluminium  wire  of  the  same  conductivity  as  copper  may  be  greater  than 
that  of  the  copper,  and  this  may  compensate  for  increase  in  the  sunace  exposed 
to  vnnd,  snow,  &c. 

A  short  description  of  some  long-distance  transmission  lines  was  given,  show- 
ily that  aluminium  is  being  installed  with  success.    It  was  stated  that  joints 
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^hich  are  mechanical  in  the  above  cafles  can  be-  made  with  suoeeea.  It  was 
pointed  oat  that  aluminium  can  be  welded  and  soldered.  The  melting  and 
casting,  rolling  and  forging,  hardening  and  annealing,  of  aluminium  were  next 
dealt  with. 

Probably  the  widest  field  is  Rtill  in  the  purification  of  iron  and  steel.  At  high 
temperatures  the  metal  decomposes  nearly  all  metallic  oxides,  and  prevents  blow* 
lioles  by  combining  with  the  gases  which  form  the  holes. 

The  author  referred  to  the  use  of  aluminium  when  alloyed  with  copper  for  the 
production  of  aluminium  bronzes.  The  breaking  load  varies  from  44  to  39  tons 
per  square  inch  in  the  case  of  alloys  containing  8  to  12  per  cent,  aluminium.  It 
has  a  golden  appearance,  and  is  suitable  for  hydraulic  work  on  account  of  its  non- 
corrodible  properties. 

3.  Recent  ObservcUiona  on  Bridges  in  Western  China. 
By  R.  LocKHART  Jack,  B,E. 

During  1900,  while  travelling  in  the  West  of  China,  in  Szechuan  and  Yunnan, 
I  was  struck  by  the  variety  of  Chinese  bridj^es,  ranging  as  they  do  from  pontoons 
and  even  large  baskets  of  shingle  supportmg  a  temporary  decking,  to  stone  and 
iron  bridges  of  large  span. 

On  the  headwaters  of  the  Min,  Fou,  and  Mekong  rivers  the  single  rope  bridge 
is  used,  on  which  the  traveller,  by  the  aid  of  a  runner  to  which  he  is  fastened, 
crosses  from  one  bank  to  the  other.  The  rope  is  of  plaited  bamboo,  from  two  to 
three  inches  in  diameter,  while  the  runner  employed  is  a  half  cylinder  of  hard 
wood  ten  inches  long. 

The  bamboo  is  ako  much  employed  for  suspension  bridges,  a  very  good  example 
of  which  is  to  be  found  at  Shih  Ohuen.  It  is  composed  of  sixteen  hawsers,  each 
from  7  to  8  inches  in  diameter,  tightened  by  capstans,  and  is  240  feet  long  by  ten 
wide.  The  decking,  of  wicker  work,  is  laid  upon  fourteen  of  these  hawsers,  the 
other  two  acting  as  guard  rails.  The  bridges  are  entirely  renewed  at  intervals  of 
one  to  three  years. 

In  other  districts  suspension  bridges  are  built  of  wrought  iron,  chains  or  bars, 
the  decking  following  the  curvature  of  the  chains,  which,  however,  is  very  ali^t, 
that  of  the  Yangtse  near  Likiang  being  less  than  20  feet  on  a  span  of  320.  ^lis 
bridge,  the  largest  single  span  we  saw,  is  built  up  of  eighteen  chains,  the  links  of 
which  were  11  inches  long  of  1  j^  inch  bar  iron.  The  chains  are  anchored  to 
castings  bedded  in  the  masonry  abutments,  and  are  tightened  by  driving  wedges 
between  the  links.  This  type  of  bridge  is  said  to  have  been  in  existence  at  about 
the  beginning  of  the  Christian  era,  and  possibly  much  earlier. 

Cantilevers  and  trestle  bridges  are  used  where  timber  is  plentiful,  the  latter 
being  generally  covered  with  a  tiled  roof  and  lined  at  the  sides  with  stalls.  The 
timMr  is  mostly  soft  wood,  but  they  last  very  well  owing  to  the  protection 
afforded  by  the  roof. 

The  greatest  triumphs  of  the  Chinese,  however,  are  their  masonry  bridges, 
which  are  exceedingly  numerous  in  the  wealthier  districts  of  Szechuan.  Broadly, 
the^  are  of  two  kinds :  those  in  which  slabs  of  stone  are  used  as  girders,  and  those 
whioh  embodv  the  principle  of  the  arch.  A  good  example  of  the  former  was  bdng 
erected  at  Chiung  Chow,  60  miles  S.W.  of  Chengtu,  and  consisted  of  a  bridge 
nearly  700  feet  long  by  16  wide,  formed  of  stone  slabs  laid  on  edge,  and  carried 
on  thirty-three  tiers,  each  40  feet  by  4.  The  whole  of  the  stone  used  was  a  red 
sandstone  cut  into  blocks. 

Of  the  arch  bridges  the  largest  is  at  Ning  Shih,  also  of  sandstone,  where  a 
bridge  about  600  feet  lon^  (including  masonry  approaches)  is  carried  across  a 
tributary  of  the  Yangtse  Eiang  on  three  spans  of  over  100  feet  each. 

One-arch  bridges  with  the  roadway  rising  to  the  centre  by  steps  are  very 
common  over  small  streams,  and  bridges  of  twelve  to  eighteen  arches  are  occa- 
sionally met  with. 

There  is  reason  to  believe  that  the  Chinese  used  such  bridges  as  have  been 
described  at  a  very  early  period,  and  it  would  be  of  interest  to  make  a  study  of 
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their  works,  and  so  see  if  they  are  built  in  accordance  with  some  definite  rule  or 
formula,  or  if  they  have  learned  by  long  experience  what  is  safe  for  each  type 
and  each  material. 


4.  On  Recording  Soundings  by  Photography.     By  J.  Dillon. 


5.  On  the  Size  of  Waves  as  observed  at  Sea. 
By  Vaughan  Cornish,  D.Sc 

The  height  of  Waves, — The  height  of  the  ocean  waves  in  deep  water  from 
land  has  been  determined  with  fairly  concordant  results  by  independent  observers. 
The  values  recorded  are  the  average  of  the  heights  of  a  number  of  successive 
waves : — 


Heights 

in  Feet. 

i 

Desbois 

Paris 

WUson-Barker 

Mean 

j  Hurricane 
1  Strong  gale 

1  Gale 

'  Strong  breeze   . 

28-54 
20-64 
15-42 
10-83 

25-43 
16  57 

28 

23 

14 

8 

27-32 
20-07 
14-71 
9-416 

These  values  are  only  about  one-half  of  the  40  or  50  feet  which  experienced 
seamen  frequently  state  to  be  *  the  size  of  the  waves  '  met  with  in  stror.g  gales  in 
the  open  ocean.  The  author  has  obeer\'ed  during  gales  in  the  Noi  th  Atlantic 
that  waves  of  a  larger  size  recurred  at  short  intervals,  and  that  it  was  these 
which  riveted  the  attention  and  which  were  dangerous.  lie  thinks  that  it  is  the 
average  size  of  these  *  ordinary  maximum  *  waves  which  is  commonly  estimated 
by  seamen  as  40  to  50  feet,  and  he  suggests  that  it  is  de*?irable  to  record  in 
future,  not  only  the  general  average  height,  but  also  the  height  of  the  *  ordinary 
maximum'  waves.  This  practice  would  do  away  with  much  of  the  apparent 
discrepancy  between  the  accoimts  of  the  size  of  waves  at  seo,  and  would  also  give 
some  notion  of  the  simultaneous  differences  of  roughness  at  different  points,  which 
is  an  important  aspect  of  a  eea-way. 

The  Length  of  Waves. — ^The  lughest  waves  in  deep  water  are  recorded  during 
fetorms,  but  the  longest  are  the  swells  encountered  in  a  calmer  atmosphere.  At 
sea,  where  the  ship  rises  and  falls,  and  there  is  no  fixed  object  to  provide  a  datum 
lino,  crests  and  troughs  are  judged  less  bv  actual  elevation  than  by  convexity  or 
concavity  of  the  water's  surfoce.  When  the  profiles  of  two  waves  of  nearly  equal 
amplitude  but  of  very  different  wave-length  are  combined,  the  resulting  wavy 
line  presents  a  series  of  inequalities  the  wave-length  of  which  is  fairly  regular^ 
and  equal,  on  an  average,  to  that  of  the  shorter  component.  When,  however,  the 
two  combining  waves,  of  very  different  -wave-length,  are  of  equal  steepnessy  the 
combination  appears  as  a  series  of  inequalities  which,  although  displaying  minor 
sinuosities  of  outline,  have  unmistakably  the  wave-length  of  the  longer  com- 
ponent. Their  average  amplitude  is  also  equal  to  that  of  the  longer  component. 
This  indicates  (a)  that  a  swell,  even  of  great  amplitude,  is  not  directly  measure- 
able  in  a  storm ;  (b)  that  a  great  swell  scarcely  affects  the  recorded  average  height 
and  length  of  the  shorter  storm-waves,  but  that  it  can  cause  irregularity  of  the 
kind  referred  to  in  the  last  section ;  and  (c)  that  the  appearance  of  the  water  may 
change  somewhat  suddenly  from  that  of  an  irregular  short  sea  to  that  of  an 
irregular  long  swell,  the  longer  component  being  row  what  the  author  terms  ^  the 
dominant  wave.'  This  change  of  appearance  is  not,  however,  accompanied  by  any 
acceleration  of  the  procef  ses  going  on  in  the  wave-water. 
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TUESDAY,  SEPTEMBER  17. 
The  following  Report  and  Papers  were  read : — 

L  Report  oi%  the  Small  Soretv  Gauge, — See  Reports,  p.  407. 


2.  A  Portable  folcUng  Range- Finder,  for  Urn  with  Infantry. 
By  O.  FoRfeBS,  F.Ii.S. 


3.  Machinery  for  Engraving*    By  Mark  Barr* 


4.  Recent  Develojmients  of  Chain  Driving,    By  C.  R.  Garrard. 


5.  Measurement  of  the  Hardness  of  Materials  by  Indentation  by  a 
Steel  Sphere.    By  T.  A.  Heabsok.  • 


6.  On  the  Critical  Point  in  Rolled  Steel  Joists.    By  E.  J.  Edwards. 

In  selecting  rolled  steel  joists  for  floors  there  are  two  elements  which  determine 
the  section  to  he  used  with  a  given  load  per  square  foot  of  floor  area. 

First,  the  stress  per  square  inch  produced  hy  the  load. 

Second,  the  deflection  produced  hj  the  same  load. 

At  first,  particularly  with  small  spans,  it  is  the  stress  per  square  inch  which  i« 
the  governing  element :  this  stress  must  not  exceed  safe  working  limits.  As  the 
floor  span  is  increased  the  deflection  becomes  the  ruling  element,  the  strose  per 
square  inch  falling  into  the  background. 

The  deflection  must  not  be  sufficient  to  crack  the  ceiling  where  there  is  one, 
nor  sufficient  to  be  unsightly  where  there  is  none. 

In  the  diagrams  exhibited  two  curves  are  shown,  one  in  black  and  the  other  in 
red.  The  former  is  the  curve  of  a  given  maximum  stress,  and  shows  the  loads  a 
steel  joist  will  carry  for  various  spans.  The  red  curve  gives  the  loads  which  pro- 
duces a  deflection  which  is  a  constant  given  fraction  of  the  span,  viz.,  3  J^y. 

The  curves  cross  each  other,  and  the  point  of  crossing  the  author  calls  the 
critical  point.  At  this  point  the  distributed  load  produces  the  given  strees  and 
given  deflection.  Before  the  critical  point  is  reached  the  load  produces  the  specified 
stress,  but  is  insufficient  to  produce  the  limiting  deflection ;  after  the  critical  potoK 
is  passed  the  distributed  load  produces  the  specified  deflection,  but  is  insufficient 
to  produce  the  specified  stress  ;  in  other  words,  the  limit  of  deflection  is  reached 
before  the  limit  of  stress.  Examples  are  given  of  various  sizes  of  steel  joists  with 
the  limiting  stresses  and  deflections. 

Qenerafising,  up  to  the  critical  point  the  stress  curve  is  the  more  important ; 
beyond  this  the  deflection  curve  is  more  important.  TTie  two  important  parts  of 
the  curves  taken  together  are  called  the  curve  of  loads,  which  is  a  curve  with  a 
kink  in  it. 

1 0fiT 

The  first  part  of  curve  is  drawn  from  the  formula  W  «  and  the  second 

QOT 

part  from  the  formula  Vf  m       ,     Explanations  shewing  how  the  equations  are 

arrived  at  are  given  in  the  paper. 

With  a  factor  of  safety  of  3  and  aj)reakinjf  stress  of  32  tons  per  square  inch, 
and  a  deflection  of  aj^  span,  ^E§  critical ^oint  is  ^Hl  span  of  twenty-seven  times 
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the  depth.  For  this  particular  deflection  it  is  shown  that  the  factor  of  safety 
multiplied  by  9  gives  the  critical  point. 

If  the  deflection  in  percentages  of  the  span  are  calculated  a  series  of  curves  of 
deflection  can  be  plotted.  At  1  ton  per  square  inch  and  1  per  cent,  of  deflection 
the  critical  point  is  576,  the  depth  at  2  per  cent,  of  deflection,  the  critical  point  is 
288  times  the  depth,  or  9  x  32.  As  at  I  ton  per  square  inch,  32  is  the  factor 
of  safety. 

The  values  are  tabulated  and  shown  graphically  by  diagrams. 

Returning  to  the  special  object  of  the  paper,  the  selecting  of  rolled  steel  joists 
for  firoproof  floors,  the  principal  step  is  to  determine  the  pitch  or  spacing  apart 
of  the  joists. 

These  pitches  are  tabtilated  fcrr  various  sections  of  joists  for  the  loads  of 
1  cwt.  and  1^  cwt.  per  square  foot  of  floor.    A  formula  is  deduced  for  a  loading 

of  1  cwt.  per  squftrd  foot:  p=        *,  and  for  any  other  loading jpj;-C.,  whetex 

is  the  cwts.  of  load  per  square  foot,  p  =  pitch  in  feet,  L  =»  span  in  feet,  and  W  =  dis- 
tributed load  in  tons,  the  rolled  steel  jdst  will  carry  safely* 

A  final  result  is  that  the  pitch  varies  inversely  as  the  square  of  the  span  when 
the  stress  per  square  inch  is  considered,  ue,,  up  to  the  critical  point,  and  varies 
inversely  as  the  cube  of  the  s^n  when  the  deflection  is  c6nsidered  or  beyond  the 
critical  point.  ^^^ 

7.  On  Ali^maHng  Air  Currents  in  Olvwrch^  and  PiMic  Buitdingg, 
By  J.  W.  Thomas,  F.LC,  F.O.S, 

When  the  temperature  of  the  air  outside  is  85^  F.  or  less,  the  exit  space  ^r 
foul  air  in  a  great  number  of  churches  and  public  buildings  is  too  lar^  to  keep 
back  the  extra  pressure  outside,  and  cold  air  enters  the  to|»  of  the  building  at  the 
points  of  least  frictiwi  and  resistance — the  large  openings  generally.  In  high 
buildings  the  cold  air  currents,  or  down-draughts,  are  followed  by  hot  and 
oppressive  waves  of  air,  after  which  the  air  becomes  motionless  and  stagnant  for 
some  seconds. 

Some  years  ago  the  author  experimented  in  a  large  ]^nblic  hall,  and  found  that 
these  hot  and  cold  experiences  were  due  to  alternating  air  currents  in  the  building. 
Taking  the  point  of  me  least  internal  pressure  as  the  first  observation,  it  took 
about  half  a  minute  to  reach  the  point  of  highest  internal  pressure,  and  rather  less 
than  half  a  minute  afterwards  to  reach  the  point  of  least  pressure  again.  The 
first  five  seconds  after  the  least  internal  pressure  was  reached  there  was  a  gradual 
rise,  followed  by  double  such  an  interval  of  more  rapid  increase  j  then  there  were 
a  few  seconds  of  lesser  increase,  followed  by  a  lengthened  period,  during  which 
the  pressure-recording  instrument  remained  almost  steady.  When  the  reduction 
of  internal  pressure  be^an  much  cold  air  still  descended,  and  there  were  ten  or 
more  seconds  during  which  the  reduction  was  gradual ;  then,  for  about  half  that 
period,  a  very  rapid  decrease  occurred,  followed  by  several  seconds  when  the 
instrument  was  steady  and  almost  stationary  at  the  point  of  least  pressure. 

The  strangest  fact  in  the  results  obtained  was  tnat,  owing  to  the  elasticity  of 
the  air,  its  density  (32°  F.  outside),  and  the  velocity  obtained  by  falling  about 
60  feet,  the  pressure  increased  internally  until  it  actttally  exceeded  the  presewe 
outnde  for  a  few  seconds,  then  decreased  and  increased  alternately. 

Since  then  experiments  in  high  churches  and  buildings  have  given  similar 
results.  An  anemometer  held  in  a  narrow  opening  in  a  doorway  leading  to  a 
church  turned  rapidly  inwards,  indicating  an  up-current ;  then  it  stopped  and 
subsequently  reversed,  showing  that  the  pressure  in  the  building  was  acting 
outwards. 

Air  inlets  to  hot-water  pipes  under  the  floor  of  a  building  are  influenced  by 
alternating  air  currents  at  their  highest  pressure,  and  when  the  period  of  greatest 
upward  movement  occurs,  such  a  deluge  of  cold  air  passes  inwards  that  the  inlets 
have  td  be  shut 

Alternating  air  caneats,  then^iMre^giriitliy  iakj^  tl^  VeiitilitMm  of  bi^ldiugs. 
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Section  H.— ANTHROPOLOGY. 

Pbesidbht  01?  THE  SECTION — Professor  D.  J.  CuNNureHAX,  MJ).,  D.Sc., 
LL.D.,  D.C.L.,  F.R.S. 


THZmSDAY,  SEPTEMBER  12. 

Tho  President  delivered  the  following  Address : — 

TwEKTT-FiYE  years  have  passed  since  the  British  Association  met  in  Glasgow. 
This  is  a  long  time  to  look  back  upoD,  and  yet  the  period  appears  short  when 
measured  by  the  o^eat  advance  which  has  taken  place  in  almost  all  branches  of 
knowledge.  Anthropology  bas  shared  in  the  general  progress.  The  discoveries 
made  within  its  confines  may  not  have  been  so  startling,  nor  yet  have  had  soch  a 
direct  influence  upon  the  material  welfare  of  the  people,  as  in  the  case  of  oUier 
fields  of  scientific  study,  but  its  development  has  been  steady  and  continuous,  and 
it  has  grown  much  in  public  estimation. 

At  the  Glasgow  Meeting  of  the  Association  in  1876  Anthroijology  held  a 
subsidiary  position.  It  only  ranked  as  a  Department,  although  it  gained  a  special 
prominence  through  having  Alfred  Russel  Wallace  as  its  Chairman.  It  was  not 
until  several  years  later  that  it  became  one  of  the  recognised  Sections  of  tho 
Association,  a^d  attained  the  high  dignity  of  having  a  letter  of  the  alphabet  allotted 
to  it.  But  quite  independently  of  its  official  status  it  has  always  oeen  a  branch 
of  8tudy  which  ha»  been  accorded  a  large  amount  of  popular  favour.  The  anthropo- 
logical meetings  have,  as  a  rule,  been  well  atteuded,  and  the  discussions,  although 
perhaps  on  certain  occasions  somewhat  discursive, have  never  lacked  vigour  or  anima- 
tion. Professor  Huxley,  who  presided  over  the  Anthropological  Department  at  the 
Dublin  meeting  in  1878,  ascribed  the  popularity  of  the  subject  to  the  many  open* 
ingd  which  it  aftbrds  for  wide  difi'erences  of  opinion  between  the  exponents  of  its 
numerous  branches  and  to  the  innate  bellicose  tendency  of  man.  As  the  repre- 
sentative of  a  country  in  which,  according  to  the  same  high  authority,  this  tendency 
is  less  strongly  marked  than  elsewhere,  and  ot  a  race  which  has  so  frequently  ancl 
pointedly  exhibited  its  abhorrence  of  vigorous  language,  I  trust  that  my  presence 
here  as  President  may  not  react  unfavourably  on  the  interest  shown  in  the  work  of 
the  Section. 

The  present  occasion  might  appear  to  be  peculiarly  appropriate  for  my  taking* 
stock  of  our  anthropological  possessions  and  summing  up  tne  numerous  additions  to 
our  knowledge  of  *  man  and  nis  doings '  which  have  been  made  during  the  century 
which  has  just  passe«i.  Such  a  task,  however,  is  surrounded  with  so  much  diffi- 
cultv  that  I  shrink  from  undertaking  it.  The  scope  of  the  subject  is  enormous, 
and  the  studies  involved  so  diverse  and  so  varied  that  I  feel  that  it  is  beyond  my 
power  to  give  any  comprehensive  survey  of  its  development  in  all  its  parts.'  I  prefer 
therefore  to  confine  my  remarks  to  that  province  ot  Anthropology  within  which 
my  own  work  bas  been  chiefly  carried  on,  and  from  this  to  select  a  subject  which 
has  for  some  years  held  a  prominent  place  in  my  thoughts.  I  refer  to  the  homaa 
brain  and  the  part  which.it  has  played  in  the  evolution  of  man. 
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One  of  the  most  striking  peculiarities  of  man  when  regarded  from  the  structural 
point  of  view  is  the  relativelj  great  size  of  his  brain.  Although  with  one  or  two 
exceptions  the  several  parts  of  the  brain  are  all  more  or  less  involved  in  this 
special  development,  it  is  the  cerebral  hemispheres  which  exhibit  the  pre- 
ponderance in  the  highest  degree.  This  characteristic  of  the  human  brain  is 
rendered  all  the  more  significant  when  we  consider  that  the  cerebral  hemispheres 
cannot  be  looked  upon  as  being  prinutive  parts  of  the  brain.  In  its  earliest  con- 
dition the  brain  is  composed  of  three  simple  prinuiry  vesicles,  and  the  cerebral 
hemispheres  appear  in  a  secondary  manner  in  the  shape  of  a  pair  of  lateral  offshoots 
or  buds  which  grow  out  from  the  foremost  of  these  primitive  brain-vesicles. 

The  oftshoots  which  form  the  cerebral  hemispheres  are  found  in  all  vertebrates, 
Insigniticant  in  size  and  insignificant  in  functional  value  in  the  more  lowly  forms, 
a  steady  increase  in  their  proportions  is  manifest  as  we  ascend  the  scale,  until  the 
imposing  dimensions,  the  complex  structure,  and  the  marvellous  functional 
potentialities  of  the  human  cerebral  hemispheres  are  attained.  In  their  develop- 
ment the  cerebral  hemispheres  of  man  rapidly  outstrip  all  the  other  parts  of  the 
brain  until  they  ultimately  usurp  to  themselves  by  far  the  greater  part  of  the 
cranial  cavity.  To  the  predominant  growth  of  the  cerebral  hemispheres  is  due  the 
lofty  cranial  vault  of  the  human  skull ;  to  the  difierent  degrees  of  development 
and  to  the  different  forms  which  they  assume  are  largely  due  the  variations  in 
cranial  outline  in  different  individuals  and  different  races — variations  in  the  deter- 
mination of  which  the  Craniologist  has  laboured  so  assiduously  and  patiently. 

I  think  that  it  must  be  manifest  to  everyone  that  the  work  of  the  Craniologist, 
if  it  is  to  attain  its  full  degree  of  usefulness,  must  be  founded  upon  a  proper  recog- 
nition of  the  relation  which  exists  between  the  cranium  and  the  brain,  or,  in  other 
words,  between  the  envelope  and  its  contents. 

The  cranium  expands  according  to  the  demands  made  upon  it  by  the  growing 
brain.  The  initiative  lies  with  the  brain,  and  in  normal  conditions  it  is  questionable 
if  the  envelope  exercises  more  than  a  very  subsidiary  and  limited  innuence  upon 
the  form  assumed  by  the  contents.  The  directions  of  growth  are  clearly  defined 
by  the  sutural  lines  by  which  the  cranial  bones  are  knit  together ;  but  these  are  so 
arranged  that  they  aamit  of  the  expansion  of  the  cranial  box  in  length,  in  breadth, 
and  in  height,  and  the  freedom  of  growth  in  each  of  these  different  directions  has 
in  all  probability  been  originally  determined  by  the  requirements  of  the  several 
parts  of  the  brain. 

The  base  or  floor  of  the  cranium,  supporting  as  it  does  the  brain-stem  or  the 
parts  which  possess  the  greatest  phylogenetic  antiquity,  and  which  have  not  under- 
gone so  large  a  degree  of  modification  in  human  evolution,  presents  a  greater 
uniformity  of  type  and  a  greater  constancy  of  form  in  different  individuals  and 
different  races  than  the  cranial  vault  which  covers  the  more  highly  specialised  and 
more  variable  cerebral  hemispheres. 

To  what  extent  and  in  what  directions  modifications  in  the  form  of  the  cranium 
may  be  the  outcome  of  restrictions  placed  on  the  growth  of  the  brain  it  is  difficult 
to  say.  But,  broadly  speaking,  I  think  we  may  conclude  that  the  influence  which 
the  cranium,  under  normal  circumstances,  independently  exerts  in  determining  the 
various  head-forms  is  trifling. 

When  we  speak  therefore  of  brachycephalic  or  short  heads,  and  dolichocephalic 
or  long  heads,  we  are  merely  using  terms  to  indicate  conditions  which  result  from 
individual  or  racial  peculiarities  of  cerebral  growth. 

The  brachycephalic  brain  is  not  moulded  into  form  by  the  brachycephalic 
skull ;  the  shape  of  both  is  the  result  of  the  same  hereditary  influence,  and  in  their 
growth  they  exhibit  the  most  perfect  harmony  with  each  other. 

Craniology  has  been  called  the  '  spoiled  child  of  Anthropology.*  It  is  supposed 
that  it  has  absorbed  more  attention  than  it  deserves,  and  has  been  cultivated  with 
more  than  its  share  of  care,  while  other  fields  of  Anthropology  capable  of  yielding  rich 
harvests  have  been  allowed  to  remain  fallow.  This  criticism  conveys  a  very  partial 
truth.  The  cranium,  as  we  have  seen,  is  the  outward  expression  of  the  contained 
brain,  and  the  brain  is  the  most  characteristic  organ  of  man ;  cranial  peculiarities 
therefore  must  always  and  should  always  claim  a  leading  place  in  the  mind  of  the 
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ABthvapolofist ;  and  this  is  all  the  mere  imprntlve  Mding  that  bralBs  of  diAMnt 
races  are  seldom  available  for  investigation,  wMltt  skulls  In  <^t  diifemt  museuu 
mftj  literally  be  counted  l^  thousands. 

Meantime,  however,  the  Oraniologist  lies  buried  beneath  a  mighty  monntain 
of  figures,  many  of  which  have  little  morphological  value  and  possess  no  tros 
impovtaase  in  disUnpfuishing  the  finer  difi^renoes  of  radal  farmB,  Let  ns  tske  ai 
an  example  the  figures  upon  which  the  cephalic  or  length-breadth  index  of  the  skoll 
is  based.  The  measurement  of  th^  loug  diameter  of  the  cranium  does  not  give  the 
tvue  length  of  the  cranial  cavity.  It  includes,  in  addition,  the  diameter  oi  aa 
air-chamber  of  very  variable  dimensions  which  is  placed  in  fipont.  The  moasuroBait 
oembines  in  itself  therefore  two  factors  of  very  different  import,  and  the  result  is 
thereby  vitiated  to  a  greater  or  less  extent  in  difierent  skidls.  A  reeeat  meoioir 
by  Schwalbe  ^  affords  instructive  reading  on  this  matter.  One  case  in  pmnt 
may  be  given.  Measured  in  the  usual  way,  the  Neanderthal  skull  is  placed  in  tbs 
dolichocephalic  class ;  whereas  Schwalbe  has  shown  that  if  the  brain-case  alone  be 
considered  it  is  found  to  be  on  the  verge  of  brachycephaly.  Huxley,  many  yean 
ago,  remarked  that  *  until  it  shall  become  an  o[)probrium  to  an  ethnological  collec- 
tion to  possess  a  single  skull  which  is  not  bisected  longitudinally '  in  order  that 
the  true  proportions  of  its  different  parts  may  be  properly  determined  we  shall 
have  no  'safe  basis  for  that  ethnological  craniology  -which,  aspires  to  give  the 
anatomical  characters  of  the  crania  of  the  different  races  of  mankind.'  It  appeals 
to  me  that  the  truth  of  this  observation  can  hardly  be  disputed,  and  yet  this 
method  of  investigation  has  been  adopted  by  very  few  Craniologists. 

It  has  become  too  much  the  habit  to  measure  and  compare  emnia  aa  if  they 
were  separate  and  distinct  entities  and  without  a  due  consideration  at  the  evda- 
tionary  changes  through  which  both  the  brain  and  its  bony  envelope  have  passed. 
Up  to  the  present  little  or  no  effort  has  been  made  to  contrast  those  parts  of  the 
cranial  wall  or  cavity  which  have  been  specially  modified  by  the  cerebral  growth- 
changes  which  are  pieculiar  to  man.  It  may  be  assumed  that  these  changes  have 
not  token  place  to  an  equal  extent,  or  inde^  followed  identically  the  same  lines 
in  all  races. 

Unfortunately  our  present  knowledge  of  cerebral  growth  and  the  value  to  be 
attached  to  its  various  manifestations  is  not  so  complete  as  to  enable  us  to  follow 
out  to  the  full  extent  investigations  planned  on  these  lines.  But  the  areas  of  cere- 
bral cortex  to  which  man  owes  bis  intellectual  superiority  are  now  ron^y  mapped 
out,  and  the  time  has  come  when  the  effect  produced  upon  the  cranial  form  by  the 
marked  extension  of  these  areas  in  the  human  brain  should  be  noted  and  the  skulli 
of  different  races  contrasted  from  this  point  of  view. 

To  some  this  may  seem  a  return  to  the  old  doctrine  of  I%renology,  and  to  a 
oertdn  extent  it  is ;  but  it  would  be  a  Phrenology  based  upon  an  entirely  new 
foundation  and  elaborated  out  of  entirely  new  material. 

It  is  to  certain  of  the  growth  changes  in  the  cerebrum  which  I  believe  te  be 
specially  characteristic  of  man,  and  which  unquestionably  have  had  some  influenos 
in  determining  head-forms,  that  I  wish  particularly  to  refer  in  this  Address. 

The  surface  of  the  human  cerebrum  is  thrown  into  a  series  of  tortuous  fblds  or 
convolutions  separated  by  slits  or  fissures,  and  both  combine  to  give  it  an  appear- 
ance of  great  complexity.  These  convolutions  were  long  oonsidenni  to  present 
no  definite  arrangement,  but  to  be  thrown  together  in  the  same  meaningless 
disorder  as  is  exhibited  in  a  dish  of  macaroni.  During  the  latter  half,  or  rath^ 
more,  of  the  century  which  has  just  ended  it  has,  however,  been  shown  by  the 
many  eminent  men  who  have  given  their  attention  to  this  subject  that  the  pattern 
which  is  assumed  by  the  convolutions,  while  showing  many  subsidiary  differences, 
not  only  in  different  races  and  different  individuals,  but  also  in  the  two  h^nispheres 
of  the  same  person,  is  yet  arranged  on  a  cousistent  and  uniform  plan  in  eveiy 
human  brain,  snd  that  any  decided  deviation  fVom  this  plan  results  in  an  imperfbet 
carrying  out  of  the  cerebral  function.    In  unravelling  the  intricacies  of  the  nnman 

>  Stiidien  uber  PiUeoanthropus  erectus  (Dubois).  JBIrit$ekr^  /.  M^rph,  tmd 
4nthr(f.^  Band  i.  Heft  ),  1899, 
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eonvolutionary  pattern  it  was  yery  early  found  that  the  simple  cerebral  surface  of 
the  ape*s  brain  in  many  cases  afforded  the  key  to  the  solution  of  the  problem. 
More  recently  the  close 'study  of  the  manner  in  which  the  convolutions  assume 
shape  during  their  growth  and  development  has  yielded  evidence  of  a  still  more 
valuable  kind.  We  now  know  that  the  primate  cerebrum  is  not  only  distinguished 
from  that  of  all  lower  mammals  by  the  possession  of  a  distinct  occipital  lobe,  but 
also  by  having*  imprinted  on  its  surface  a  eonvolutionary  design,  which  in  all  but 
a  few  fundamental  details  is  diflerent  from  that  of  any  other  order  of  mammals. 

There  are  few  matters  of  more  interest  to  those  anthropologists  who  make  a 
study  of  the  human  skull  than  the  relationship  which  exists  between  the  cranium 
and  the  brain  during  the  period  of  ac:ive  growth  of  both.  Up  to  the  time  imme- 
diately prior  to  the  pushing  out  of  the  occipital  lobe,  or,  in  other  words,  the  period 
in  cerebral  development  which  is  marked  by  the  transition  from  the  quadrupedal 
type  to  the  primate  type  of  cerebrum,  the  cranial  wall  fits  like  a  tight  glove  on  the 
surface  of  the  enclosed  cerebrum.  At  this  stage  there  would  appear  to  be  a  growth 
antagonism  between  the  brain  and  the  cranial  envelope  which  surrounds  it.  The 
cranium,  it  would  seem,  refuses  to  expand  with  a  speed  sufficient  to  meet  the 
demands  made  upon  it  for  the  accommodation  of  the  growing  brain.  In  making 
chis  statement  it  is  right  to  add  that  Hochstetter,  in  a  carefully  reasoned  memoir, 
has  recently  cast  doubt  upon  the  reality  of  the  appearances  which  have  led  to  this 
conclusion,  and  at  the  recent  meeting  of  the  Anatomische  Geaellschaft,  in  Bonn, 
Professor  Qustaf  Retzius,^  one  of  the  numerous  observers  responsible  for  the 
description  of  the  early  cerebrum  upon  which  the  conclusion  is  based,  showed 
some  inclination  to  waver  in  his  allegiance  to  the  old  doctrine.  This  is  not  the 
time  nor  the  place  to  enter  upon  a  discussion  of  so  technical  a  kind,  but  I  may 
be  allowed  to  say  that  whilst  I  fully  recognise  the  necessity  for  further  and  more 
extensive  investigation  into  this  matter  I  do  not  think  that  Hochstetter  has  satis- 
factorily accounted  for  all  the  circumstances  of  the  case. 

When  the  occipital  lobe  assumes  shape  the  relationship  of  the  cranial  wall  to 
the  enclosed  cerebrum  undergoes  a  complete  change.  The  cranium  expands  so 
rapidly  that  very  soon  a  wide  interval  is  left  between  the  surface  of  the  cerebrum 
and  the  deep  aspect  of  the  cranial  envelope  within  which  it  lies.  This  space  is 
occupied  by  a  soft,  sodden,  spongy  meshwork,  termed  the  subarachnoid  tissue,  and 
it  is  into  the  yielding  and  pliable  bed  thus  prepared  that  the  convolutions  grow. 
At  first  the  surface  of  the  cerebral  hemisphere  is  smooth,  but  soon  particular  areas 
of  the  cortex  begin  to  bul^e  out  and  foreshadow  the  future  convolutions.  These 
suffer  no  growth  restriction,  and  they  assume  the  form  of  round  or  elongated 
elevations  or  eminences  which  rise  above  the  general  surface  level  of  the  cerebral 
hemisphere  and  break  up  its  uniform  contour  lines  in  the  same  manner  that  moun- 
tain chains  protrude  from  the  surface  of  the  globe. 

As  growth  goes  on,  and  as  the  brain  gradually  assumes  a  bulk  more  nearly  in 
accord  with  the  cavity  of  the  cranium,  the  space  for  surface  protrusions  of  this 
kind  becomes  more  limited.  The  gyral  elevations  are  now  pressed  together :  they 
become  flattened  along  their  summits,  and  in  course  of  time  they  acquire  the 
ordinary  eonvolutionary  shapes.  While  this  is  going  on  the  valleys  or  intervals 
between  the  primitive  surface  elevations  become  narrowed,  and  ultimately  assume 
the  linear  slit-like  form  characteristic  of  the  fissures.  These  changes  occur  shortly 
before  birth,  but  are  not  fully  completed  until  after  the  first  few  months  of  infancy. 
The  final  result  of  this  process  is  that  the  convolutions  come  into  intimate  relation 
with  the  deep  aspect  of  the  cranial  wall  and  stamp  their  imprint  upon  it. 

It  is  obvious  that  certain  of  the  later  changes  which  I  have  endeavoured  to 
portray  might  be  ascribed  to  a  growth  antagonism  between  the  brain  and  tho 
enclosing  cranium  at  this  period.  In  reality,  however,  it  is  merely  a  process  by 
which  the  one  is  brought  into  closer  adaptation  to  the  other — a  using  up,  as  it  were, 
of  superfluous  space  and  a  closer  packing  together  of  the  convolutions — after  the 
period  of  active  cortical  grrowth  is  past.  Nevertheless  the  eonvolutionary  pattern 
IS  profoundly  affected  by  it,  and  it  seems  likely  that  in  this  process  we  find  the 

*  Anatomische  Gesellschaft,  Bonn,  May  28,  1891.  Gustiif  Retzius,  TrajisiforiscJt^ 
Furchen  des  OroMhirfis. 
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explanation  of  the  different  directions  taken  by  the  cerebral  furrows  in  bracby- 
cephalic  and  dolichocephalic  heads. 

The  cortical  elevations  which  rise  on  the  surface  of  the  earlj  cerebrum  are  due 
to  exuberant  growth  in  localised  areas.  There  cannot  be  a  doubt  that  the  process 
is  intimately  connected  with  the  development  of  function  in  the  districts  concerned. 
We  know  that  functions  of  different  kmds  are  localised  in  different  parts  of  the 
cortex,  and  when  we  see  an  area  on  the  surface  of  the  early  cerebrum  rise  up  in 
the  form  of  an  eminence  we  may  reasonably  conclude  that  the  growth  in  the  area 
concerned  is  the  structural  foundation  of  what  will  become  later  on  a  centre  of 
functional  activity  of  an  acute  kind. 

A  consideration  of  this  matter  gives  the  due  to  the  simple  convolutions  of  the 
ape  and  the  complex  convolutions  of  man,  and,  further,  it  explains  how  the  inter- 
rupted form  of  fissural  development  is  one  of  the  essential  characteristics  of  the 
human  brain  as  compared  with  the  simian  brain.  Areas  which  rise  up  in  the 
form  of  one  long  elevation  on  the  surface  of  the  ape*s  brain  appear  in  the  form  of 
several  eminences  on  the  surface  of  the  human  brain,  and  fissures  which  appear 
in  the  form  of  long  continuous  slits  in  the  simian  cerebrum  appear  in  the  human 
cerebrum  in  several  detached  bits,  which  may  or  may  not  in  tne  course  of  time 
run  into  each  other  and  become  confluent.  All  this  is  due  to  the  greater  definition, 
refinement,  and  perfection  of  the  functions  carried  on  in  the  cerebral  cortex  of 
man.  It  is  an  index  of  a  more  complete  '  physiological  division  of  labour '  in  the 
human  brain. 

It  is  not  necessary,  for  the  purpose  I  have  in  view,  to  enter  into  any  detail 
regarding  the  many  points  of  difference  which  become  evident  when  the  cerebral 
surface  of  the  ape  is  compared  with  that  of  man.  It  is  more  my  purpose  to  indi- 
cate certain  of  the  districts  of  cerebral  cortex  which  have  undergone  a  marked 
increase  in  the  human  brain — an  increase  which  may  be  reasonably  supposed  to 
be  associated  with  the  high  mental  attributes  of  man.  To  us,  at  the  present  time, 
it  is  difficult  to  conceive  how  it  was  ever  possible  to  doubt  that  the  occipital  lobe 
is  a  distinctive  character  of  the  simian  brain  as  well  as  of  the  human  brain,  and 
yet  at  successive  meetings  of  this  Association  (1860,  1861,  and  1862)  a  discussion, 
which  was  probably  one  of  the  most  heated  in  the  whole  comrse  of  its  history,  took 
place  on  this  very  point.  One  of  our  greatest  authorities  on  animal  structure 
maintained  that  the  occipital  lobe  and  the  hippocampus  minor — an  elevation  in  its 
interior — were  both  peculiar  to  man  and  to  him  alone.  Everyone  has  read  in  the 
*  Water  Babies '  Charles  Kingsley's  delightful  account  of  this  discussion.  Speaking 
of  the  Professor  he  says :  *  He  held  very  strange  theories  about  a  good  many 
things.  He  had  even  got  up  at  the  British  Association  and  declared  that  apes 
had  hippopotamus  majors  in  their  brains  just  as  men  have.  What  a  shocking 
thing  to  say ;  for  if  it  were  so,  what  would  become  of  the  faith,  hope,  and  charity 
of  immortal  millions?  You  may  think  that  there  are  other  more  important 
difierences  between  you  and  an  ape,  such  as  being  able  to  speak,  and  make 
machines,  and  know  right  from  wrong,  and  say  your  prayers,  and  other  little 
matters  of  that  kind ;  but  that  is  a  child's  fancy.'  In  the  light  of  our  present 
knowledge  we  can  fully  understand  Professor  Huxley  closing  the  discussion  by 
stating  that  the  question  had  *  become  one  of  personal  veracity.*  Indeed,  the 
occipital  lobe,  so  far  from  being  absent,  is  developed  in  the  ape  to  a  relatively 
greater  extent  than  in  man,  and  this  constitutes  one  of  the  leading  positive  dis- 
tinctive characters  of  the  simian  cerebrum.  Measured  along  the  mesial  border, 
the  percentage  length  of  the  occipital  lobe  to  the  total  length  of  the  cerebrum  in 
the  baboon,  orang,  and  man  is  as  follows: — 

Baboon 29-7 

Orang 23-2 

Man 21-2 

But  these  figures  do  not  convey  the  full  extent  of  the  predominance  of 
the  occipital  lobe  in  the  ape.  The  anterior  border  of  the  lobe  grows  forwards 
beyond  its  proper  limits,  and  pushes  its  way  over  the  parietal  lobe  which  lies  in 
front,  so  as  to  cover  over  a  portion  of  it  by  an  overlapping  lip  termed  the  occipital 
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operculum.  There  is  not  a  trace  of  such  an  arrangement  in  the  human  brain,  and 
eyen  in  the  anthropoid  ape  the  operculum  has  become  greatly  reduced.  Indeed, 
in  man  there  is  exactly  the  reverse  condition.  The  great  size  of  the  parietal  lobe 
is  a  leading  human  character^  and  it  has  partly  gained  its  predominance  by  pushing 
backwards  so  as  to  encroach,  to  some  extent,  upon  the  territory  which  formerly 
belonged  to  the  occipital  lobe.'  A  great  authority^  on  the  cerebral  surface 
refers  to  this  as  a  struggle  between  the  two  lobes  for  surface  extension  of 
their  respective  domains.  *  In  the  lower  apes,*  he  says,  *  the  occipital  lobe  proves 
the  victor :  it  bulges  over  the  parietal  lob«  as  far  as  the  first  anuectant  gyrus. 
Already,  in  the  orang,  the  occipital  operculum  has  suffered  a  great  reduction ;  and 
in  man  the  victory  is  on  the  side  of  the  parietal  lobe  which  presses  on  the  occipital 
lobe  and  begins,  on  its  part,  to  overlap  it.^  Now  that  so  much  information  is 
available  in  regard  to  the  localisation  of  function  in  the  cerebral  cortex,  and 
Flechsig  has  stimulated  our  curiosity  in  regard  to  his  great '  association  areas '  in 
which  tne  higher  intellectual  powers  of  man  ai'e  believed  to  reside,  it  is  interesting 
to  speculate  upon  the  causes  which  have  led  t9  the  pushing  back  of  the  scientific 
frontier  between  the  occipital  and  parietal  cerebral  districts. 

The  parietal  lobe  is  divided  into  an  upper  and  a  lower  part  by  a  fissure,  which 
takes  an  oblique  course  across  it  Rudinger,^  who  studied  the  position  and  inclina- 
tion of  this  fissure,  came  to  the  conclusion  that  it  presents  easily  determined 
differences  in  accordance  with  sex,  race,  and  the  intellectual  capacity  of  the  indi- 
vidual. He  had  the  opportunity  of  studying  the  brains  of  quite  a  number  of 
distinguished  men,  amongst  whom  were  Bischoff  of  Bonn,  Bollinger  of  Munich, 
Tiedemann  of  Heidelberg,  and  Liebig  of  Munich,  and  he  asserts  that  the  higher 
the  mental  endowment  of  an  individual  the  greater  is  the  relative  extent  of  the 
upper  part  of  the  parietal  lobe. 

There  is  absolutely  no  foundation  for  this  sweeping  assertion.  When  the 
evolutionary  development  of  the  parietal  part  of  the  cerebral  cortex  is  studied 
exactly  tho  reverse  condition  becomes  manifest.  It  is  the  lower  part  of  the 
parietal  lobe  which  in  man,  both  in  its  early  development  and  in  its  after  growth, 
exhibits  the  greatest  relative  increase.  Additional  interest  is  attached  to  this 
observation  by  the  fact  that  recently  several  independent  observers  have  fixed  upon 
this  region  as  one  in  which  they  believe  that  a  marked  exuberance  of  cortical 
growth  may  be  noted  in  people  of  undoubted  genius.  Thus  Ketzius  has  stated 
that  such  was  the  case  in  the  brains  of  the  astronomer  Hugo  Gyld^n,*  and  the 
mathematician  Sophie  Kovalevsky;  ^  Hansemann®  has  described  a  similar  condi- 
tion in  the  brain  of  Helmholtz  ;  and  Guszman  "^  in  the  brain  of  Eudolph  Lenz,  the 
musician.  Some  force  is  likewise  added  to  this  view  by  Flechsig,  who,  in  a  recent 
paper,®  has  called  attention  to  the  fact  that  within  this  district  there  are  located 
two  of  his  so-called  '  Terminalgebiete,'  or  cortical  areas,  which  attain  their  func- 
tional powers  at  a  later  period  than  those  which  lie  around  them,  and  which  may 
therefore  be  supposed  to  have  specially  high  work  to  perform. 

Without  in  any  way  desiring  to  throw  doubt  upon  the  observations  of  these 
authorities,  I  think  that  at  the  present  moment  it  would  be  rash  to  accept,  without 

'  It  is  necessary  to  emphasise  this  point,  because  in  Wiedersheim's  Structicre  of 
Man  we  are  told  that  in  man  there  is  a  preponderance  of  the  occipital  lobe,  and  that 
the  parietal  lobe  Is  equally  developed  in  man  and  anthropoids. 

2  Eberstaller,  Wiener  MedizinUche  Blatter,  1884,  No.  19,  p.  581. 

'  Beitrdge  znr  Anatomie  und  JSmhryolof/ie,  als  Festgabe  Jacob  Henle,  1882. 

*  Retzlus,  BiologUche  Untermchnngen,  neue  Folge,  viii.  1898, 'Das  Gehim  des 
Astronomen  Hugo  Gyld^ns.' 

*  Retzins,  BiologUohe  Unteriuchwnge^i^  neue  Folge,  ix.  1900,  'Das  Gehim  der 
Mathematlkerin  Sonja  Kovalevsky.* 

«  Hansemann,  Zeitaohrift  fur  Psychologie  und  Physiologie  der  Sinnesorgayie, 
Band  xx.  Heft  1, 1899,  *  Ueber  das  Gehim  von  Hermann  v.  Helmholtz.' 

'  Josef  Guszman,  AnatomUcher  Anzeiger,  Band  xix.  Nos.  9  and  10,  April  1901, 
*  Beitrage  zur  Morphologie  der  Gehirnoberflache.' 

*  Flechsig, '  Neue  Untersuchungen  iiber  die  Markbildung  in  den  menschlichen 
Gro38hiralappen,'  ^eiirologUches  Centralblatt^  No,  21, 1893. 
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further  evidence,  eondusions  which  hare  been  drawn  from  the  ezaminatioE  of 
the  few  brains  of  eminent  men  that  have  been  deeeribed.  There  cannot  be  a  deabt 
that  the  r^iou  in  question  i»  one  which  has  extended  greatly  in  the  haraan  Ivain, 
but  the  association  of  high  intellect  with  a  special  development  of  the  region  is  ft 
matter  on  which  I  must  confess  I  am  at  present  somewhat  scepticaL 

But  it  is  not  only  in  a  backward  direction  that  the  parietal  lobe  in  man  has 
extended  its  territory.  It  has  likewise  increased  in  a  downward  direction.  There 
are  few  points  more  strikinpr  than  this  in  the  evolution  of  the  cerebral  cortex  of 
man.  In  order  that  I  may  be  able  to  make  clear  the  manner  in  which  this  increase 
has  been  brought  about,  it  will  be  necessary  for  me  to  enter  into  some  detail  in 
connection  with  the  development  of  a  region  of  cerebral  surface  termed  the  nuviar 
district.  The  back  part  of  the  frontal  lobe  is  also  involved  in  this  downward 
extension  of  surface  area,  and,  such  being  the  case,  it  may  be  as  well  to  state  that 
the  boundary  which  has  been  fixed  upon  as  giving  the  line  of  separation  between 
the  parietal  and  frontal  districts  is  purely  artificial  and  arbitrary.  It  is  a  demar- 
cation which  has  no  morpholoffical  significance,  whilst  from  a  physiological  point 
of  view  it  is  distinctly  misleading. 

The  insular  district  in  the  foetal  brain  is  a  depressed  area  of  an  elongated 
triangular  form.  The  general  surface  of  the  cerebrum  occupies,  all  round  about  it, 
a  more  elevated  plane,  aod  thus  the  insula  comes  to  be  bounded  by  distinct  walls, 
like  the  sides  of  a  shallow  pit  dug  out  in  the  ground.  The  upper  wall  is  formed 
by  the  lower  margins  of  the  frontal  and  parietal  lobes,  the  lowwr  wall  by  the 
upper  margin  of  the  temporal  lobe,  and  the  front  wall  by  the  irontal  lobe. 
From  each  of  these  bounding  walls  a  separate  portion  of  cerebral  cortex 
grows,  and  these  gradually  creep  over  the  surfisice  of  the  insula  so  as  to  overlap 
It,  and  eventuallv  completely  cover  it  over  and  exclude  it  from  the  aurfiioe, 
in  the  same  way  that  the  lips  overlap  the  teeth  and  gums.  That  which  grows 
from  above  is  called  the  fronto-parietal  opercidum,  while  that  which  grows  from 
below  is  termed  the  temporal  operculum.  These  appear  very  early,  and  are 
responsible  for  closing  over  more  than  the  hinder  three-fourths  of  the  insula.  The 
lower  or  temporal  operculum  is  in  the  first  instance  more  rapid  in  its  growth  than 
the  upper  or  fronto-parietal  operculum,  and  thus  it  comes  about  that  when  their 
margins  meet  more  of  the  insula  is  covered  by  the  former  than  by  the  latter.  80 
far  the  development  is  apparently  precisely  similar  to  what  occurs  in  the  ape. 
The  slit  or  fissure  formed  by  the  approximation  of  the  margins  of  these  two 
opercula  is  called  the  Sylvian  fissure,  and  it  constitutes  a  natural  lower  boundary 
for  the  parietal  and  frontal  lobes  which  lie  above  it.  At  first,  from  the  more 
energetic  growth  of  the  lower  temporal  operculum,  this  fissure  slants  very 
obliquely  upwards  and  backwards,  and  is  very  similar  in  direction  to  the  corre- 
sponding fissure  in  the  brain  of  the  ape.  But  in  the  human  brain  this  condition 
is  only  temporary.  Now  begins  that  downward  movement  of  the  parietal  lobe 
and  back  part  of  the  frontal  lobe  to  which  reference  has  been  made.  The  upper  or 
fronto-panetal  operculum,  in  the  later  stages  of  foetal  life  and  the  earlier  months  of 
infancy,  enters  into  a  growth  antagonism  with  the  lower  or  temporal  operculum, 
and  in  this  it  proves  the  victor.  The  margins  of  the  two  onercula  are  tightly 
pressed  together,  and,  slowly  but  surely,  the  fronto-parietal  operculum  ^[aioB 
ground,  pressing  down  the  temporal  operculum,  and  thus  extending  the  territory 
of  the  frontal  and  parietal  districts.  This  is  a  striking  process  in  the  brain 
development  of  man,  and  it  results  in  a  depression  of  the  Sylvian  fissure  or  the 
lower  frontier  line  of  the  frontal  and  parietal  lobes.  Further,  to  judge  from  the 
oblique  direction  of  the  Sylvian  fissure  in  the  brain  of  the  ape,  the  process  is 
peculiar  to  man ;  in  the  simian  brain  there  is  no  corresponding  increase  in  the  area 
of  cerebral  cortex  under  consideration. 

I  do  not  think  that  it  is  difiioult  to  account  for  this  important  expansion  of  the 
cerebral  surface.  In  the  fore  part  of  the  region  involved  are  placed  the  groups  of 
motor  centres  which  control  the  muscular  movements  of  the  more  important  parts 
of  the  body.  These  occupy  a  broad  strip  of  the  surface  which  stretches  across  the 
whole  depth  of  the  district  concerned.  Within  this  are  the  centres  for  the  arm 
and  hand,  for  the  face,  the  mouth  and  the  tb^oat,  and  likewise,  to  some  extent, 
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the  eeatre  for  speeeb.  In  man  certain  of  these  have  undoubtedly  undargone 
lyiarked  ezpanfiion.  The  skilled  moyementfi  of  the  hands,  as  shown  in  the  use  of 
teols,  in  writing,  and  so  on,  have  not  been  acquired  without  an  increase  in  tbe 
fafain  mechanism  by  which  these  are  guided.  So  important,  indeed,  i8  the  part 
played  by  the  human  hand  as  an  agent  of  tbe  mind,  and  so  perfectly  is  it  adjusted 
with  reference  to  this  office,  that  there  are  many  who  think  that  the  first  great 
itart  which  man  obtained  on  the  path  which  has  led  to  his  higher  development 
was  given  by  the  setting  of  the  upper  limb  free  from  the  duty  of  acting  as  an 
organ  of  support  and  locomotion.  It  is  an  old  saying  '  that  man  is  the  wisest  of 
animals  because  of  his  hands.'  Without  endorsing  to  its  full  extent  this  view,  I 
think  that  it  cannot  be  a  matter  for  surprise  that  tbe  district  of  the  cerebral 
cortex  in  man  in  which  the  arm-centres  reside  shows  a  manifest  increase  in  its  extent. 

In  the  same  region  of  cerebral  cortex,  but  at  a  lower  level,  there  are  also  situated 
the  centres  which  are  responsible  for  facial  expression.  In  the  ape  there  is  a  con- 
siderable degree  of  facial  play ;  but  this  is  chiefly  confined  to  the  region  of  the 
lips ;  and  the  muscles  of  the  face,  although  present  in  greater  mass,  show  com- 
paratively little  of  the  difierentiation  which  is  characteristic  of  the  lighter  and 
more  feeble  muscles  in  the  face  of  man.  And  then  as  to  the  effect  produced :  These 
human  muscles  are  capable  of  reflecting^  every  fleeting  emotion,  every  change  of 
mind,  and  by  the  lines  and  furrows  their  constant  use  indelibly  fix  on  tbe  counte- 
nance the  character  and  disposition  of  an  individual  can  to  some  extent  be  read. 
As  the  power  of  communication  between  primitive  men  became  gradually  esta- 
blished, facial  movements  were  no  doubt  largely  used,  not  only  for  tbe  purpose  of 
giving  expression  to  simple  emotions,  such  as  anger  or  joy,  but  also  for  giving  point 
and  force  to  the  Altering  speech  of  our  early  progenitors  by  reflecting  other  con- 
ditions of  mind.  The  acquisition  of  this  power  as  well  as  the  higher  and  more 
varied  powers  of  vocalisation  must  necessarily  have  been  accompanied  by  an 
increase  of  cerebral  cortex  in  the  region  under  consideration.  And  in  this  connec- 
tion it  is  a  point  well  wortliy  of  note  that  the  area  of  cortex  mapped  out  in  the 
human  bram  *  as  controlling  the  muscles  of  the  face,  mouth,  and  throat  is  as  large, 
if  not  larger  than  that  allotted  to  the  arm  and  hand,^  and  yet  it  is  questionable  if 
all  the  muscles  under  the  sway  of  the  former  would  weigh  as  much  as  one  of  the 
larger  muscles  (say  the  triceps)  of  the  arm.  This  is  sufficient  to  show  that  it  is 
not  muscle  power  which  determines  the  extent  of  the  motor  areas  in  the  cerebral 
cortex.  It  is  the  degree  of  refinement  in  the  movements  required,  as  well  as  the 
degree  of  variety  in  muscle  combinations,  which  apparently  determines  the  amoimt 
of  groimd  covered  by  a  motor  centre. 

Still,  tbe  increase  in  the  amount  of  cerebral  cortex  in  man  due  to  the  greater 
refinement  of  movement  acquired  by  different  groups  of  muscles  is  relatively 
small  in  comparison  with  the  increase  which  has  occurred  in  other  regions  from 
which  no  motor  fibres  are  sent  out,  and  which  therefore  have  no  direct  conneo*> 
tion  with  muscles. 

The  remarkable  conclusions  arrived  at  by  Flecheig,  although  not  confirmed 
and  accepted  in  all  their  details,  have  tended  greatly  to  clear  up  much  that  was 
obscure  in  the  relations  of  the  different  districts  of  cerebral  cortex.  More  particu- 
larly has  he  been  able  to  apportion  out  more  accurately  the  different  values  to  be 
attached  to  the  several  areas  of  the  cerebral  surface.  He  has  shown  that  fiiUy  two 
thirds  of  the  cortex  in  the  human  brain  constitute  what  he  terms  '  association 
centres.'  Within  these  the  higher  intellectual  manifestations  of  the  brain  have 
their  origin,  and  judgment  and  memory  have  their  seat.  They  are  therefore  to 
be  regarded  as  the  psychic  centres  of  the  cerebral  cortex. 

*  See  diagram  in  Schafer's  article  on  the  *  Cerebral  Cortex  *  in  his  recent  work  on 
physiology. 

*  The  comparison  only  refers  to  surface  area,  and  this  is  not  an  absolutely  true 
criterion  of  the  relative  amount  of  cortex  in  each  region.  The  arm-centre  has  a  large 
amount  of  cortex  stowed  away  within  the  fissure  of  Rolando  in  the  shape  of  inter- 
locking gyri  which  is  not  taken  into  account  in  a  measurement  confined  to  the  super- 
ficial surface  area.  Still,  this  does  not  to  any  great  degree  detract  from  the  argu 
ment  whiph  follows,  seeing  that  the  discrepancy  is  still  suflBoientl^  marke^. 
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Novir,  it  requires  a  very  slight  acquaintance  with  the  cerebral  surface  to  perceive 
that  the  great  and  leading  peculiarity  of  the  human  brain  is  the  wide  extent  of 
these  higher  association  centres  of  Flechsij^.  Except  in  connection  with  new 
faculties,  such  as  speech,  there  has  been  relatively  no  striking  increase  in  the  extent 
of  the  motor  areas  in  man  as  compared  with  the  cortex  of  ^e  ape  or  the  idiot,  but 
the  expansion  of  the  association  areas  is  enormous  and  the  increase  in  the  frontal 
region  and  the  back  part  of  the  parietal  region  is  particularly  well  marked.  It  is 
this  parietal  extension  of  surface  which  is  chiefly  responsible  for  the  pushing  down 
of  the  lower  frontier  of  the  parietal  lobe  and  the  consequent  enlargement  of  its 
territory. 

I  have  already  referred  to  the  views  which  have  been  recently  urged  by  several 
independent  observers,  that  in  the  men  who  have  been  distinguished  during  life 
by  the  possession  of  exceptional  intellectual  power,  this  region  has  shown  a  very- 
special  development. 

It  is  a  curious  circumf^tance,  and  one  which  is  worthy  of  consideration,  that  in 
the  left  cerebral  hemisphere  the  Sylvian  fissure  or  the  lower  boundary  of  the 
parietal  lobe  is  more  depressed  than  in  the  right  hemisphere,  and,  as  a  result  of 
this,  the  surface  area  occupied  by  the  parietal  lobe  is  greater  on  the  left  side  of  the 
brain  than  on  the  right  side.  To  the  physiologist  it  is  a  matter  of  every-day 
knowledge  that  the  left  cerebral  hemisphere  shows  in  certain  directions  a  marked 
functional  pre-eminence.  Through  it  the  movements  of  the  right  arm  and  right 
side  of  the  oody  are  controlled  and  rcpfulated.  Within  it  is  situated  also  the  active 
speech  centre.  This  does  not  imply  that  there  is  no  speech  centre  on  the  righc 
side,  but  simply  that  the  left  cereoral  hemisphere  has  usurped  the  chief,  if  not  the 
entire,  control  of  this  all- important  function,  and  that  from  it  are  sent  out  the  chief 
part,  if  not  the  whole,  of  the  motor  incitations  which  give  rise  to  speech.  The 
significance  attached  to  tbe  dominant  power  of  the  left  hemisphere  receives  forc« 
from  the  now  well  established  fact  that  in  left-handed  individuals  the  speech  func- 
tioii  is  also  transferred  over  to  the  right  side  of  the  brain.  To  account  for  this 
functional  pre-eminence  of  the  left  cerebral  hemisphere  numerous  theories  have 
been  elaborated.  The  interest  attached  to  the  subject  is  very  considerable,  but  it 
is  impossible  on  the  present  occasion  to  do  more  than  indicate  in  the  briefeat 
manner  the  three  views  which  have  apparently  had  the  widest  influence  in  shaping* 
opinion  on  this  question.  They  are :  (1)  that  the  superiority  of  the  left  cerebral 
hemisphere  is  due  to  its  greater  weight  and  bulk ;  (2)  that  it  maybe  accounted  for 
by  the  greater  complexity  of  the  convolutions  on  the  left  brain  and  the  fact  that 
these  make  their  appearance  earlier  on  the  left  side  than  on  the  right  side;  (8)  that 
tbe  explanation  lies  in  the  fact  that  the  left  side  of  the  brain  enjoys  greater 
advantages  in  regard  to  its  blood  supply  than  the  right  side. 

Not  one  of  these  theories  when  closely  looked  into  is  found  to  possess  the 
smallest  degree  of  value.  Braune  ^  has  shown  in  the  most  conclusive  manner  that 
if  there  is  any  diflerence  in  weight  between  the  two  hemispheres  it  is  a  difference 
in  favour  of  the  right  and  not  of  the  left  hemisphere ;  and  I  may  add  from  my  own 
observations  that  this  is  evident  at  all  periods  of  growth  and  development. 
Equally  untrustworthy  are  the  views  that  have  been  put  forward  as  to  the  superiority 
of  the  left  hemisphere  from  the  point  of  view  of  convolutionary  development.  I 
am  aware  that  it  is  stated  that  in  two  or  three  cases  where  the  brains  of  left- 
handed  people  have  been  examined  this  superiority  was  evident  on  the  right 
hemisphere.  This  may  have  been  so ;  I  can  only  speak  for  the  large  percentage 
of  those  who  are  right-handed ;  and  I  have  never  been  able  to  satis^  myself  that 
either  in  the  growing  or  fully  developed  brain  is  there  any  constant  or  marked 
superiority  in  this  respect  of  the  one  side  over  the  other ;  and  I  can  corroborate 
Ecker  ^  in  his  statement  that  there  is  no  proof  that  the  convolutions  appear  earlier 
on  the  one  side  than  the  other.  The  theory  that  an  explanation  is  to  be  found  in 
a  more  generous  blood  supply  to  the  left  hemisphere  is  more  difficult  to  combat, 

'  *  Das  Gewichtsverhiiltniss  der  rechten  zur  linken  Hirnhiilfte  beim  Menschen,* 
Archivfilr  Anat. 

'  Archivfiir  Anth/ropologie^  1868,  Bd,  cxi 
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Iwcause  the  amount  of  blood  received  by  each  side  of  the  brain  depends  upon  two 
factors;  viz.,  the  physical  conditions  under  which  the  blood-stream  is  delivered  to 
the  two  hemispheres  and  the  calibre  of  the  arteries  or  tubes  of  supply.  Both  of 
these  conditions  have  been  stated  to  be  favourable  to  the  left  hemisphere.  It  is 
a  matter  of  common  anatomical  knowledge  that  the  supply  pipes  to  the  two  sides 
of  the  brain  are  laid  down  somewhat  differently,  and  that  the  angles  of  junction, 
&c.,  with  the  main  pipe  are  not  quite  the  Same.  Further,  it  is  true  that  the  blood- 
drains  which  lead  away  the  blood  from  the  brain  are  somewhat  different  on  the 
two  sides.  Whether  this  would  entail  any  marked  difference  in  the  blood-pressure 
on  the  two  sides  I  am  not  prepared  to  say.  This  could  only  be  proved  experi- 
mentally ;  but,  taking  all  the  conditions  into  consideration,  I  am  not  inclined  to 
attach  much  importance  to  the  argument.  It  is  easy  to  deal  with  the  loose  state- 
ments which  have  been  made  in  regard  to  the  size  of  leading  supply  pipe  (viz.,  the 
internal  carotid  artery).  It  passes  through  a  bony  canal  in  the  floor  of  the  cranium 
on  its  way  into  the  interior  of  the  cranial  box.  Its  size  can  therefore  be  accurately 
gauged  by  measuring  the  sectional  area  of  this  bony  tunnel  on  each  side.  This  I 
nave  done  in  twenty-three  skulls  chosen  at  random,  and  the  result  shows  that 
considerable  differences  in  this  respect  are  to  be  found  in  different  skulls.  These 
discrepancies,  however,  are  sometimes  in  favour  of  the  one  side  and  at  other  times  in 
favour  of  the  other  side ;  and  when  the  combined  sectional  area  for  all  the  skulls 
examined  was  calculated  it  was,  curiously  enough,  found  to  be  683^  sq.  mm. 
for  the  left  side  and  683  sq.  mm.  ior  the  right  side. 

Leaving  out  of  count  the  asymmetry  in  the  arrangement  of  the  convolutions 
in  the  two  hemispheres,  which  cannot  by  any  amount  of  ingenuity  be  twisted  into 
such  a  form  as  to  give  a  structural  superiority  to  one  side  more  than  the  other,  the 
only  marked  difference  which  appears  to  possess  any  degree  of  constancy  is  the 
increase  in  the  territory  of  the  l«ft  parietal  lobe  produced  by  the  more  marked 
depression  of  its  lower  frontier  line  (.Sylvian  fissure).  That  this  is  in  any  way 
associated  with  right-handedness  or  with  the  localisation  of  the  active  speech 
centre  in  the  left  hemisphere  I  am  not  prepared  to  urge,  because  the  same  con- 
dition is  present  in  thje  ape.  It  is  true  that  some  authorities  ^  hold  that  the  ape  is 
right-handed  as  well  as  man,  but  in  the  gardens  of  the  Royal  Zoological  Society 
of  Ireland  I  have  had  a  long  and  intimate  experience  of  both  anthropoid  and  lower 
apps,  and  I  have  never  been  able  to  .satisfy  myself  that  they  show  any  decided 
preference  for  the  use  of  one  arm  more  than  the  other. 

That  differences  do  exist  in  the  more  intimate  structural  details  of  the  two 
hem'spheres,  which  give  lo  the  left  its  functional  superiority,  there  cannot  be  a 
doubt ;  but  these  have  still  to  be  discovered.  Bastian  has  stated  that  the  grey 
cortex  on  the  left  side  has  a  higher  specific  gravity,  but  this  statement  has  not  as 
yet  received  corroboration  at  the  hands  of  other  observers. 

I  have  already  mentioned  that  man's  special  endowment,  the  faculty  of  speech, 
is  associated  with  striking  changes  in  that  part  of  the  cerebral  surface  in  which  the 
motor  centre  for  articulate  speech  is  located.  It  is  questionable  whether  the  acquisi- 
tion of  any  other  system  of  associated  muscular  movements  has  been  accompanied 
by  a  more  evident  cortical  change.  The  centre  in  question  is  placed  in  the  lower 
and  back  part  of  the  frontal  lobe.  We  have  seen  that  the  insular  district  is  covered 
over  in  the  hinder  three  fourths  of  its  extent  by  the  fron to-parietal  and  temporal 
opercula,  and  thus  submerged  below  the  surface  and  hidden  from  view.  The 
brain  of  the  ape  and  also  of  the  microcephalic  idiot  with  defective  speech  goes  no 
further  in  its  development.  The  front  part  of  the  insular  district  remains  uncovered 
and  exposed  to  view  on  the  surface  of  the  cerebrum.  In  man,  however,  two  addi- 
tional opercula  grow  out  and  ultimatelv  cover  over  the  fore  part  of  the  insula. 
These  opercula  belong  to  the  lower  and  iack  part  of  the  frontaHobe,  and  are  to  be 
looked  upon  as  being  more  or  less  directly  called  into  evidence  in  connection  with 
the  acquisition  of  articulate  speech. 

The  active  speech  centre  is  placed  in  the  left  cerebral  hemisphere.    We  speak 

'  Ogle, '  On  Dextral  Pre-eminence/  Trc^nj,  Med,  Chirwrg,  Soo.,  1871 ;  Aimd  Pere^ 
Zi€9  Courburee  laterales  normaks  au  rachis  humain.    Toulouse,  1900. 
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from  the  left  side  of  the  brain,  and  jet  when  the  corresponding  region  ^  on  the  ngkC 
side  ia  examined  it  is  found  to  go  through  the  same  developmental  steps. 

The  stimulus  which  must  have  been  given  to  general  cerebral  growth  in  the 
association  areas  by  the  gradual  acquisition  of  speech  can  hardlj  be  exaggerated. 

During  the  whole  course  of  his  evolution  there  is  no  possession  wMcb  mam 
has  contrived  to  acquire  which  has  exercised  a  stronger  influence  on  his  higher 
development  than  the  power  of  articulate  speech.  This  priceless  gift, '  the  moet 
human  manifestation  of  humanity ' — (Huxley) — was  not  obtained  through  the  exer* 
tions  of  any  one  individual  or  group  of  individuals.  It  is  the  result  of  «  slow 
process  of  natural  growth,  and  there  is  no  race,  no  matter  how  low,  savage,  or 
uncultured,  which  does  not  possess  the  power  of  communicating  its  ideas  1 
of  speech.  '  If  in  the  present  state  of  the  world,*  says  Charma,  *  some  phi 
were  to  wonder  how  man  ever  began  to  build  those  houses,  palaces,  a&d  ve 
which  we  see  around  us,  we  should  answer  that  these  were  not  the  things  that 
man  began  with.  The  savage  who  first  tied  the  branches  of  shrubs  to  raalK  him- 
self a  shelter  was  not  an  architect,  and  he  who  first  floated  on  the  tronk  of  a  tree 
Was  not  the  creator  of  navigation.'  And  so  it  is  with  speech.  Rude  and  imperfeet 
in  its  beginning,  it  has  gradually  been  elaborated  by  the  successive  geoerMioiis 
that  have  practised  it. 

The  manner  in  which  the  faculty  of  speech  originally  assumed  shape  in  the 
early  progenitors  of  man  has  been  much  discussed  by  Philologists  and  PsycholQgiste, 
and  there  is  little  agreement  on  the  subject.  It  is  obvious  that  aU  the  more 
intelligent  animals  share  with  man  the  power  of  giving  ezpression  to  certain  of 
the  simpler  conditions  of  mind  both  by  vocal  sounds  and  by  bodily  gestmea. 
These  vocal  sounds  are  of  the  inteijectional  order,  and  are  expressive  of  emotions 
or  sensations.  Thus  the  dog  is  said,  as  a  result  of  its  domestication,  to  have 
acquired  the  power  of  emitting  four  or  five  different  tones,  each  indicative  of  a 
special  mental  condition  and  each  fully  understood  by  its  companions.  The 
common  barn-door  fowl  has  also  been  credited  with  from  nine  to  twelve  distinct 
vocal  sounds,  each  of  which  is  capable  of  a  special  interpretation  by  ita  fellows 
or  its  chickens.  The  gestures  employed  by  the  lower  animals  may  in  certain 
cases  be  facial,  as  expressed  by  the  grimaces  of  a  monkey,  or  changes  in  bodily 
attitude,  as  we  see  continually  in  the  dog. 

I  think  that  it  may  not  be  unreasonably  inferred  that  in  the  distant  past  the 
remote  progenitors  of  man  relied  upon  equally  lowly  means  of  communicating 
with  their  fellows,  and  that  it  was  from  such  humble  beginnings  that  speech  has 
been  slowly  evolved. 

There  cannot  be  a  doubt  that  this  method  of  communicating  by  vocal  sounds, 
facial  expression,  and  bodily  gestures  is  capable  of  much  elaboration ;  and,  further, 
it  is  possible,  as  some  hold,  that  it  may  have  attained  a  considerable  degree  of  per- 
fection before  articulate  speech  began  to  take  form  and  gradually  replace  it. 
Much  of  it  indeed  remains  with  us  to  the  present  day.  A  shrug  of  the  shoulders 
Tnay  be  more  eloquent  than  the  most  carefully  prepared  phrase ;  an  appropriate 
expression  of  face,  accompanied  by  a  suitable  ejaculation,  may  be  more  withering 
than  a  flood  of  invective.  Captain  Burton  tells  us  of  a  tribe  of  North  American 
Indians  whose  vocabulary  is  so  scanty  that  they  can  hardly  carry  on  a  conversir 
tion  in  the  dark.  This  and  other  facts  have  led  Mr.  Tylor,  to  whom  we  owe  so 
much  in  connection  with  the  early  history  of  man,  to  remark :  *  The  arrav  of 
evidence  in  favour  of  the  existence  of  tribes  whose  language  is  incomplete  without 
the  help  of  gesture-signs,  even  for  things  of  ordinary  import,  is  very  remarkable' : 
and,  further,  *  that  this  constitutes  a  telling  argument  in  favour  of  the  theory  that 
gesture-language  is  the  original  utterance  of  mankind  ont  of  which  speech  has 
developed  itself  more  or  less  fully  among  different  tribes.'  It  is  a  significant  &ct 
alsO)  as  the  same  author  points  out,  that  gesture-language  is,  to  a  large  extent,  the 
same  all  the  world  over. 

*  Rudinger  and  others  have  tried  on  very  unsubstantial  grounds  to  prove  3iat 
there  is  a  difference  in  this  region  on  the  two  sides  of  the  brain.  There  is,  of  coiiise» 
as  a  rule,  marked  asymmetry ;  but  I  do  not  think  that  it  can  be  said  wlih  truth  that 
the  cortical  development  of  the  region  is  greater  oA^tfie  left  sid^  Hmui  on  tlie  ii|]it.^ 
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Many  of  the  words  employed  in  e^rly  speech  wete  undoubtedly  fbrmed,  in  the 
first  instance;  through  the  tendency  of  man  to  imitate  the  natural  sounds  he  heard 
around  him.  To  these  soundsi  with  variouB  modifications,  was  assigned  a  special 
conventional  value,  and  they  were  then  added  to  the  growing  vocabulary.  By 
this  means  a  very  decided  forward  step  was  taken,  and  now  primitive  man  became 
capable  of  giving  utterance  to  his  perceptions  by  imitative  sounds. 

Max  Miiller,  although  bitterly  opposed  to  the  line  of  thought  adopted  by  the 
*  Imitative  School  *  of  philologists,  has  expressed  their  views  so  well  that  1  am 
tempted  to  use  the  words  he  employed  in  explaining  what  he  satirically  branded 
as  the  *  Bow-wow  Theory.'  He  says :  *  It  is  supposed  that  man,  being  yet  mute, 
heard  the  voices  of  the  birds,  dogs,  and  cows,  the  roaring  of  the  sea,  the  rustling  of 
the  forest,  the  murmur  of  the  brook,  and  the  whisper  of  the  breeze.  He  tried  to 
imitate  these  sounds,  and  finding  his  mimicking  cries  useful  as  signs  of  the  object 
from  which  they  proceeded,  he  followed  up  the  idea  and  elaborated  language.' 

Hood^  humorously  and  unconsciously  illustrates  liiis  doctrine  by  a  verse 
descriptive  of  an  EngUshman,  ignorant  of  French,  endeavouring  to  obtain  a  meal 
in  France ; — 

• "  Moo  I "  I  cried  for  milk  ; 
If  I  wanted  bread 
My  jaws  I  set  agoing ; 
And  asked  for  new-laid  eggs 
By  clapping  bands  and  crowing.' 

But,  although  much  of  early  articulate  speech  may  have  arisen  by  the  development 
of  interjectional  soimds  and  the  reproduction,  by  the  human  vocal  organc,  of 
natural  sounds,  it  is  very  unlikely  that  these  afforded  the  only  sources  from  which 
words  were  originally  derived.  Romanes  insists  upon  this,  and,  in  support  of  his 
argument,  refers  to  cases  where  children  invent  a  language  in  which  apparently 
imitative  sounds  take  uo  part.  He  likewise  alludes  to  the  well-known  fact  that 
deaf  mutes  occa5»ionally  devise  definite  sounds  which  stand  for  the  names  of 
friends.  In  the  light  of  such  evidence,  be  very  properly  asks, '  Why  should  it  be 
held  impossible  for  primitive  man  to  have  done  the  same?  ' 

The  value  of  spoken  language,  as  an  instrument  of  thought,  is  universally 
admitted,  and  it  is  a  matter  incapable  of  contradiction  that  the  higher  intellectual 
efforts  of  man  would  be  absolutely  impossible  were  it  not  for  the  support  which  ia 
afforded  by  articulate  speech.  Darwin  expresses  this  well  when  he  says :  *  A 
complex  train  of  thought  can  no  more  be  carried  on  without  the  aid  of  words, 
whether  spoken  or  silent,  than  a  long  calculation  without  the  use  of  figures  or 
symbols.'  Such  being  the  case,  I  think  we  may  conclude  that  the  acquisition  of 
speech  has  been  a  dominant  factor  in  determining  the  high  development  of  the 
human  brain.  Speech  and  mental  activity  go  hand  in  hand.  The  one  has  reacted 
on  the  other.  The  mental  efibrt  required  for  the  coining  of  a  new  word  has  been 
immediately  followed  by  an  increased  possibility  of  further  intellectual  achieve- 
ment through  the  additional  range  given  to  the  mental  powers  by  the  enlarged 
vocabulary.  The  two  processes,  mutually  supporting  each  other  and  leading  to 
progress  in  the  two  directions,  have  unquestionably  yielded  the  chief  stimulus  to 
brain  development. 

More  than  one  Philologist  has  insisted  that  *  language  begins  where  inter- 
jection ends.'  For  my  part  I  would  say  that  the  first  word  uttered  expressive  of 
an  external  object  marked  a  new  era  in  the  history  of  our  early  progenitors.  At 
this  point  the  simian  or  brute-like  stage  in  their  developmental  career  came  to  an 
end  and  the  human  dynasty  endowed  with  all  its  intellectual  possibilities  began. 
This  is  no  new  thought.  Romanes  clearly  states  that  in  the  absence  of  articulation 
he  considers  it  improbable  that  man  would  have  made  much  psychological 
advance  upon  the  anthropoid  ape,  and  in  another  place  he  remarks  that  *  a  man- 
like creature  became  human  by  the  power  of  speech.' 

The  period  in  the  evolution  of  man  at  which  this  important  step  was  taken  li 

*  Quoted  from  The  Origin  of  Language,  by  Hensleigh  Wedgwood,  1866. 
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a  vexed  question  and  one  in  the  solution  of  which  we  have  little  solid  ground  to 
fro  upon  beyond  the  material  changes  produced  in  the  brain  and  the  consideration 
of  the  time  that  these  might  reasonably  be  supposed  to  take  in  their  deTelopment. 

Darwin  was  inclined  to  believe  that  articulate  speech  came  at  an  early  period 
in  the  history  of  the  stem-form  of  man.  Romanes  gives  a  realistic  picture  of  an 
individual  decidedly  superior  to  the  anthropoid  ape,  but  distinctly  below  the  exist- 
ing savages.  This  hypothetical  form,  hall-simian,  half-human,  was,  according  to 
his  spoDsor,  probably  erect ;  he  had  arrived  at  the  power  of  shaping  flints  as  tools, 
and  was  a  great  adept  at  communicating  with  his  fellows  by  gesture,  vocal  tones, 
and  facial  grimaces. 

With  this  accomplished  ancestor  in  his  mental  eye  it  is  not  surprising-  that 
Eomanes  was  inclined  to  consider  that  articulate  speech  may  have  come  at  a  later 
period  than  is  generally  supposed. 

At  the  time  that  Romanes  gave  expression  to  these  views  he  was  not  acquainted 
with  the  very  marked  structural  peculiarities  which  distinguish  the  human  brain 
in  the  region  of  the  speech  centre.  I  do  not  refer  to  the  development  of  the  brain 
in  other  districts,  because  possibly  Romanes  might  have  held  that  the  numerous 
accomplishments  of  his  speechless  ancestor  might  be  sufficient  to  account  for  this ; 
I  merely  allude  to  changes  which  may  reasonably  be  held  to  have  taken  place  in 
direct  connection  with  the  gradual  acquisition  of  speech. 

These  structural  characters  constitute  one  of  the  leading  peculiarities  of  the 
human  cerebral  cortex,  and  are  totally  absent  in  the  brain  of  the  anthropoid  ape 
and  of  the  speechless  microcephalic  idiot. 

Further,  it  is  significant  tnat  in  certain  anthropoid  bruns  a  slight  advance  in 
the  same  direction  may  occasionally  be  faintly  traced,  whilst  in  certain  human 
brains  a  distinct  backward  step  is  sometimes  noticeable.  The  path  which  has  led 
to  this  special  development  is  thus  in  some  measure  delineated. 

It  is  certain  that  these  structural  additions  to  the  human  brain  are  no  recent 
acquisition  by  the  stem-form  of  man,  but  are  the  result  of  a  slow  evolutionary 
growth — a  growth  which  has  been  stimulated  by  the  laborious  efibrta  of  countle»i 
generations  to  arrive  at  the  perfect  co-ordination  of  all  the  muscular  factors  which 
are  called  into  play  in  the  production  of  articulate  speech. 

Assuming  that  the  acquisition  of  speech  has  afforded  the  chief  stimulus  to  the 
general  development  of  the  brain,  and  thereby  giving  it  a  rank  high  above  any 
other  factor  which  has  operated  in  the  evolution  of  man,  it  would  be  wrong  to  lose 
sight  of  the  fact  that  the  first  step  in  this  upward  movement  must  have  been  taken 
by  the  brain  itself.  Some  cerebral  variation — ^probably  trifling;^  and  insignificant 
at  the  start,  and  yet  pregnant  with  the  most  far-reachbg  possibilities — has  in  tho 
stem-form  of  man  contributed  that  condition  which  has  rendered  speech  possible. 
This  variation,  strengthened  and  fostered  by  natural  selection,  has  in  the  end  led 
to  the  great  double  result  of  a  large  brain  with  wide  and  extensive  association 
areas  and  articulate  speech,  the  two  results  being  brought  about  by  the  mutual 
reaction  of  the  one  process  upon  the  other. 


The  following  Papers  and  Reports  were  read ; — 

1.  The  Cartilage  of  the  External  Ear  in  the  Monotremata  in  relation  to 
the  Human  Ear.    By  Professor  J.  Cleland,  F,E.S. 


2.  On  the  Origin  of  the  Cartilage  of  the  Stapes  and  on  its  Continuity  with 
the  Hyoid  Arch.    By  J»  F.  Gemmill,  M,D. 

The  series  of  sections  exhibited  showed  that  in  the  human  subject  the  whoW 
(rf  the  cartilace  of  the  stapes  is  develoned  independently  of  the  periotic  capsule, 
and  that  it  belongs  to  the  hyoid  bar.  The  sections  also  illustrate  the  condition  at 
different  stages  of  that  part  of  the  hyoid  bar  which  lies  between  the  fctapes  and 
the  styloid  process.    An  examination  of  all  the  sections  in  the  different  terie* 
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supports  the  view  that  the  incus  represents  the  primitive  suspensorial  elementi 
».e.,  the  hyo-mandihuhur. 

3.  The  President's  Address  was  delivered.—See  p.  776. 


4.  Some  Notes  on  the  Morphology/  of  Transverse  Vertebral  Processes. 
By  Professor  A.  Macalister,  Jf.Z).,  LL.D.,  F.E.S. 

The  a]^licatioD  of  this  term  in  the  description  of  the  several  regions  of  the 
huinan  spme  is  unsatisfactoiy,  and  the  author  has  endeavoured  to  determine,  by 
embryological  evidence,  the*  morpholoffical  relations  of  the  several  parts  of  the 
neural  arch.  The  factors  which  cause  the  differentiation  are  the  juxtaposition  of 
the  rib  and  the  Tariable  relations  of  the  arch  to  the  surrounding  muscles. 


5.  A  Note  on  the  Third  Occipital  Condyle. 
By  Professor  A.  Maoaustbb,  M.D.^  LL.D.^  F.R.S. 

There  are  two  structures  confiised  under  this  name — one  a  mesial  ossification 
in  the  ^eath  of  the  notochord,  and  the  second  a  lateral,  usually  paired,  form  of 
process,  caused  b^  the  deficiency  of  the  mesial  part  of  the  hypochordal  element  of 
the  hindmost  occipital  vertebra,  with  thickening  of  the  latenu  portion  of  the  arch. 


6.  Notes  on  a  Human  ShuU  found  in  Peat  in  Bed  of  the  River  OrweU, 
Ipswich.    By  Miss  Nika  F.  IjAYAbd. 

This  aknH  was  obtained  in  January  last  firom  the  detain  of  a  dredger  employed 
on  the  river  Orwell  at  Ipswich.  It  was  found  when  deepening  the  channel  in 
May  of  last  jear.  After  working  out  the  overlying  mud  abed  of  peat  was 
leached.  This  was  in  such  a  dry  condition  that  it  choked  the  madiinery.  As 
nearly  as  could  be  estimated,  the  skull  was  found  embedded  in  tlie  peat  at  a  depth 
of  about  4  feet.  After  being  dredged  up  it  was  rescued  by  the  captain,  and  for 
nine  months  remained  hoisted  on  a  pole  in  the  dredger,  exposed  to  the  vrind  and 
weather.  The  skull  was  very  black  when  first  found,  but  in  course  of  time 
became  bleached.  Some  oil  dropping  upon  it  from  the  machinery  abofo  gave  it 
its  present  brown  appearance.  One  side  of  the  skull  is  much  worn  away  by 
exposure  to  the  air  and  moisture,  while  the  other  side  is  almost  perfect. 

In  February  last  the  writer  presented  the  skull,  whidi  was  exhiUted,  to  the 
Royal  College  of  Surtreons,  and  Professor  Stewart  has  made  the  following 
measurements  :—C.,  530;  L.,188;  B.,  140;  Bi.,  745 ;  H.,  133;  Hi.,  707;  B.N., 
101 ;  Qw.,  37 ;  Oh.,  29 ;  Oi.,  784 ;  Ca.,  1,570. 


7.  Interim  Report  of  the  Committee  on  Anthropological  Teaching. 


Interim  Report  of  the  Committee  on  the  Preservation  and  Registraiwn 
of  Photographs  of  Anthropologieal  Interest. 
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FRIDAY,  SEPTEMBER  13. 

The  following  Papers  and  Beports  were  read : — 

1.  Notes  on  the  Exca/wition  of  an  ancient  Kitchen  Midden  recently 
discovered  on  the  St.  Ford  Links^  near  Elie^  Fife.  By  Robbbt 
MuNRO,  M.D.^ 

After  narrating  the  circumstances  which  led  to  the  discovery  of  the  middeOt 
and  describing  the  details  of  its  subsequent  excavation  by  the  proprietor, 
W.  Bairdy  Esq.,  the  author  proceeds  to  give  a  description  of  the  relics,  poin^ 
out  their  analogy  to  other  Scottish  remains,  and  concludes  by  briefly  stating  i 


of  the  conclusions  suggested  by  the  archceological  facts  recorded.   The  pmnts  of 
interest  may  be  thus  summarised : — 

(1)  The  midden  wa»  composed  of  a  bed  of  dark  earthy  matter,  about  two  fett 
thick,  containing  ashes,  charcoal,  decayed  bones  and  horns  of  various  domestic  and 
wild  animals,  a  few  sea-shells,  and  some  relics  of  human  occupancy.  It  lay  over 
a  bed  of  fine  sand,  within  the  twenty-five  feet  raised  beach,  ana  at  a  depth  of  from 
two  to  five  feet  beneath  a  grassy  mound  (formerly  a  sand-dune).  Its  shape  was 
oblong,  some  sixteen  paces  in  length  (north  to  south)  by  eleven  in  breadtn,  and 
its  margins  were  precisely,  sometimes  abruptly,  defined  fh>m  the  surroonding 
Uownsand. 

(2)  The  chief  relics  are  two  ornamental  toilet  combs  (fragmentary),  a  bons 
spindle-whorl  turned  on  the  lathe,  a  few  bone  pens  and  implements  of  deer*hom,  a 
curious  vessel  made  from  the  leg  bone  of  an  ox,  an  eel-spear-head,  and  a  chisri  of 
iron,  a  small  portion  of  thin  bronze,  and  two  fragments  of  a  flat  dish  of  'ftlss 
Samian '  ware. 

(3)  From  a  comparison  of  these  relics  with  some  of  those  found  on  the  Scottish 
Crannogs  the  author  dates  the  midden  and  its  makers,  approximately,  to  the 
eighth  century,  and  gives  reasons  for  supposing  that  it  was  the  site  of  a  wooden 
house. 

(4)  The  presence  of  an  unusually  large  number  of  water-worn  pebUes  whioh 
had  been  subjected  to  fire,  together  with  the  absence  of  culinary  pottery,  quem% 
and  hammer-stones,  suggest  that  the  occupants  were  not  amcultunsts^  bat 
pastorals  and  hunters,  who  cooked  thdr  meat  in  wooden  didies,  txnling  water  by 
means  of  stones  previously  made  red-hot  in  an  open  fire. 

(6)  The  osseous  remains  were  very  abundant,  but  greatly  decayed.  Among  the 
animals  represented  by  them  the  following  were  identified  by  Ihr.  R.  Traqusir, 
F.RS.y  viz.— ox  (two  varieties,  one  beii^  the  longifrons),  sheep,  nig,  horse,  fox, 
dog,  red-  and  roe-deer,  three  portions  of  bones  of  some  species  of  whale,  one  of 
which  showed  the  marks  of  a  sharp  axe. 


2.  Report  on  the  ExeavaHons  of  the  Roman  Ciiy  at  SHchester. 
See  Reports,  p.  425. 


3.  Excavations  at  Ardoch.    By  J.  H.  Cukhinoham,  See.S.AJSeoL 

This  P*P£r>  <^ft^  ft  ^nef  description  of  the  earthworks  at  the  Boman  station  of 
Ardoohy  in Terthshire,  gives  an  account  of  the  excavations  which  were  carried  on 
there  in  1896-07  by  the  Scottish  Society  of  Antiquaries.  The  following  were  the 
chief  results  obtained  in  the  course  of  the  operations:  (1)  The  structure  of  the 
main  rampart  resembled  that  of  the  Antonine '  Wall.*    (2)  Fragments  of  charooal 

>  This  paper  will  be  published  in  the  Proceedings  of  the  Society  of  AsHpmrk9 
for  SootUmd  (1900-1901). 
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and  pottery  were  generally  found  in  a  layer  about  thirty  inchea  below  the  surface^ 
and  about  the  same  height  above  causeway  and  gravelled  surfaces,  thus  indicatiog 
two  occupations.  (3)  From  traces  of  wooden  piles  systematioally  placed  in  tows 
it  was  inferred  that  the  structures  within  the  main  rampart  had  been  made  of 
wood,  and  had  been  laid  out  on  a  ground  plan  similar  to  that  found  in  other 
camps.  (4)  About  seventy  doubljr  conical  neltets  of  burnt  clay,  supposed  to  have 
been  maae  red-hot  and  thrown  into  the  lamp  to  set  fire  to  the  buildings,  were 
collected  throughout  the  site.  (5)  The  relics  were  on  the  whole  similar  to  those 
found  on  other  Roman  sites,  but  the  fragments  of  sculptured  or  inscribed  stones 
were  few  and  unimportant,  and  the  bulk  of  the  pottery  consisted  of  j^ieces  of  large 
vessels  used  for  kitchen  service,  fragments  of  the  finer  vessels  being  decidedly 
scarce.  (6)  The  small  mounds,  generally  known  as  the  *  praetoriom,'  were  shown 
to  belonp^  to  a  mediaaval  chapel,  probably  built  not  earlier  than  1400  a.d.  The 
excavations  are  fully  described  in  the  *  Proceedings  of  the  Society  of  Antiquaries 
for  Scotland/  vol.  xxxii.  1897-08. 


4.  Excavations  at  the  Roman  Camp  at  Inchtuthilly  in  Perthshire, 
By  Thomas  Ross,  M.D,,  F.S.A.Scot. 

InchtuthUl  Roman  Camp,  Perthshire,  is  situated  on  the  north  bank  of  the  Tay, 
about  six  miles  down  the  river  from  Dunkeld,  in  the  parish  of  Caputh,  the 
nearest  nulway  station  being  Murthly. 

Inchtuthill  is  a  plateau  elevated  about  60  feet  above  the  surrounding  low- 
lying  fields,  which  at  no  distant  date  were  probably  covered  with  water.  The  Inch 
is  of  a  triangular  shape,  about  one  mile  from  east  to  west  by  about  three-quarters 
of  a  mile  from  north  to  south.  About  three-fourths  of  its  area  is  cut  ofi*  from  the 
camp  by  a  rampart  and  ditch.  The  camp,  situated  in  fVont  of  Delvine  House,  is 
square  and  occupies  an  area  of  fully  fifty  acres. 

It  is  defended  by  a  single  rampart  and  ditch,  and  on  the  south  the  rampart  is 
double.  On  the  north  the  defence  is  the  steep  bank  of  60  feet.  Four  circular 
ovens  were  found  in  the  east  ditch. 

The  tna  principalis  leads  through  the  centre  of  the  camp  and  down  to  the 
river  on  one  side,  and  to  the  edge  of  the  bank  at  the  other.  There  is  a  south 
gate. 

At  a  distance  of  about  ISO  yards  eastwards  there  is  a  smaller  camp  over- 
looking the  river,  defended  on  tme  sides  by  a  rampart  and  ditch.  It  extends  to 
about  five  acres.    No  gateway  or  entrance  was  found. 

A  destroyed  work  defending  the  via  principalis  was  foand  near  the  river. 

In  the  south-east  side  of  the  Inch  very  complete  remains  of  baths  ^ere  found, 
with  two  brick-built  hypocausts  and  a  stoker jr ;  one  cold-water  bath,  12  feet  by 
7  feet,  with  steps  and  1^  pipe  in  situ ;  hot  air  fiue ;  cement  floors,  one  showing 
indications  of  having  been  tiled  ;  various  cliambers,  with  four  circular  apses. 

At  the  extreme  south-west  horn  of  the  Indi  there  is  a  very  strong  fort, 
extending  to  about  three  acres,  of  which  space  more  than  one-half  is  taken  up  by 
the  defences.  These  are  against  the  camp,  and  consist  of  five  parallel  rows  of 
ditches  and  ramparts  of  uncommon  depth  and  height.  This  is  probably  a  native 
work. 

The  '  finds  *  consisted  of  the  usual  Roman  pottery  bricks,  tiles,  lumps  of  lead, 
a  leaden  ring  4^  inches  by  S^  inches,  one  Roman  coin,  and  in  the  fort  a  rough 
sooty  stone  hearth,  &c. 

The  work  connected  with  the  exploration  of  the  camp  has  been  carried  out 
under  the  direction  and  care  of  the  Society  of  Antiquaries  of  Scotland,  and  the 
expense  of  the  undertaking  has  been  generously  borne  by  the  Hon.  John  Aber- 
cromby. 

Inchtuthill  is  part  of  the  estate  of  Delvine,  the  property  of  Sir  Alexander  MuJr 
Mackemde,  Bart.,  to  whom  we  are  greatly  indebted  lor  so  kindly  granting  per- 
mission to  make  the  excavations,  and  also  for  the  great  personal  interest  he  has 
taken  in  the  work. 
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8.  External  Circumstances  bearing  on  the  Age  of  Ogham  Writing  in 
Ireland}    By  R.  A.  S.  Macalistrb. 

The  qaestion  whether  Ogham  writing  is  of  Christian  or  Pagan  origin  ia  noi^et 
settled.  There  are,  however,  some  monuments  whose  situations  or  special 
characteristics  seem  to  have  a  bearing  on  the  problem.  Such  are  the  stone  at 
Glenfahan,  Co.  Kerry,  which  though  itself  Christian  bears  what  seems  to  be  a 
non-Christian  occult  formula  of  some  sort ;  certain  monuments  found  saioetated 
with  tumuli,  stone  circles,  and  alignments ;  and  a  recently  discovered  stoae  at 
Dromlusk,  Co.  Kerry,  which  displays  apparently  non*Chri8tian  symbolism. 


6.  Report  on  Explorations  in  Crete, — See  Reports,  p.  440. 


7.  The  Neolithic  Settlement  at  Knossos  and  its  Place  in  the  History  of 
Early  JSgean  Ctdture,    By  Arthur  J.  Evans,  J/,^.,  LL.D.^  F.JLS, 

The  hill  of  Kephala  at  Knossos,  which  contiuned  the  remains  of  the  Palace  of 
Minos  and  early  houses  going  back  to  the  nre-Mycenaean  or  Kamares  period  of  Crete, 
proves  to  have  been  the  scene  of  a  much  earlier  and  very  extensive  Neohthic  settlement. 
The  exploration  of  this  bv  the  author,  in  addition  to  the  work  on  the  later  remains 
of  the  *  Minoan  '  Palace,  has  been  greatly  aided  by  the  grant  from  the  Association 
in  1900.  The  remains  were  contained  in  a  stratum  of  light  clay  underlying  the 
later  prehistoric  buildings,  and  which  seems  to  have  been  formed  by  the  disinte- 
gration of  successive  ^nerations  of  wattle  and  daub  huts  and  their  clay  platforms. 
This  clay  stratum,  which  had  been  a  good  deal  re-used  for  lat^  foundations,  showed 
a  mean  thickness  on  the  top  of  the  hiU  of  about  five  metres.  In  some  places  it  was 
over  seven  metres  thick,  and  went  down  to  a  depth  of  about  ten  metres  below  the 
sur£Etce.  It  contained  an  abundance  of  primitive  dark  hand-made  pottery,  oltea 
punctuated  and  incised,  and  with  white  chalky  inlaving,  more  rarely  chrome- 
coloured.  The  ornamentation  was  angular  and  of  textile  Privation.  Stone  imple- 
ments abounded  of  greenstone,  serpentine,  diorite,  hsematite,  jadeite,  and  other 
materials.  Among  these  were  over  300  celts  or  axes,  besides  chisels,  adxes, 
hammers,  and  other  imfdements.  The  most  characteristic  implements,  however, 
were  the  stone  maces,  the  occurrence  of  which  was  especially  important  as  briiwing 
the  Cretan  Stone  age  into  near  relation  with  that  of  Anatoha— and  indeed  of 
Western  Asia  in  general — where,  as  in  the  early  deposits  of  Babylonia,  stone 
maces  formed  a  marked  feature.  This  characteristic  was  shared  by  pre-dynastio 
and  proto-dynastic  Egypt.  Another  interesting  feature  among  the  remains  were 
the  small  human  images  of  clay  and  marble  which  suppUed  the  ancestors  and 
prototypes  of  the  stone  images  found  in  the  early  Metal-age  deposits  of  Crete  and 
the  Cydades.^  Their  Anatolian  analogies  were  pointed  out,  and  reasons  were 
adduced  for  their  ultimate  derivation,  through  intermediate  types,  from  clay  figares 
of  a  Babylonian  Mother-Goddess,  such  as  those  lately  found  in  the  very  ancient 
deposits  at  Kippur. 

The  Neolitmc  settlement  of  Knossos  was  the  first  settlement  of  that  period  yet 
explored  in  the  Greek  world,  and  in  many  ways  threw  an  entirely  new  light  on 
the  beginning  of  civilisation  in  that  area.  The  contents  showed  a  marked  contrast 
to  the  earliest  Metal-a^  remains,  such  as  those  from  the  deposit  of  Hagios  Oniqthrios 
inCrete,the  date  of  which  was  approximately  fixed  by  their  association  with  Egypdan 
relics  and  the  indigenous  copies  of  them  from  2800  to  2200  B.G.  There  were 
here  no  later  vase-forms  of  the  high-necked  and  spouted  cUm,  no  traces  of  painted 
pottery  or  metal,  and  no  smgle  example  of  the  spiraliform  decoration  which  in  the 
early  Metal-age  deposits  is  found  fully  developed.  This  negative  phenomenon 
strongly  weighed  in  favour  of  the  view  that  the  mgetxi  spiial  system  was  introduced 


>  To  be  published  more  fully  in  Man,  1902. 
'  Figured  in  Man,  1901,  p.  146. 
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durioff  this  later  period  with  other  decorative  types  from  the  Egypt  of  the  Middle 
Kingdom^  where  it  had  already  attained  a  hiprh  deTelopmeDt. 

The  Neolithic  stratum  of  Knossos  itself  actually  underlay  later  buildings 
belonging  to  three  distinct  prehistoric  classes : — 

1.  The  'Kamaree,'  or  Early  Metal  age  Period  of  Crete,  illustrated  by  the  c^on- 
tents  of  some  of  the  earlier  houses.  The  painted  pottery  in  these  was  in  some 
oases  a  mere  translation  into  colour  of  the  incised  and  punctuated  Neolithic  designs. 
This  period  is  approximately  dated  from  the  relics  found  in  the  H  agios  Onuphrios 
deposit  and  the  Cretan  vase  fragments  found  in  Kgypt  in  a  Xllth  Dynasty  associa- 
tion from  c.  2800  to  2200  B.C. 

2.  The  Transitional  Period,  between  the  '  Kamares  *  age  and  the  Mycenesan.  It 
is  probable  that  the  earliest  elements  of  the  Palace  itself  belong  to  this  period, 
including  an  Egyptian  monument  ascribed  to  the  close  of  the  Xllth  or  Early 
Xlllth  Dynasty,  c.  2000  B.C. 

3.  The  Mycenesan  Period  proper,  the  flourishing  epoch  of  which  is  approxi- 
mately fixed  by  the  correspondence  of  some  of  the  wall  paintings  with  those 
representing  the  Eeftiu  on  [Egyptian  tomhs,  e.  1550  B.o. 

Considering  the  distinct  gap  in  development  which  still  separates  the  latest 
elements  of  the  culture  represented  by  the  Neolithic  stratum  of  knossos  from  the 
folly  developed  Eam4res  st^le,  it  would  be  rash  to  bring  down  the  lowest  limits  of 
the  settlement  later  than  about  3000  B.C.  On  the  other  hand,  the  great  depth  of 
the  deposit  must  carry  its  higher  limit  back  to  a  very  mnch  more  remote  date. 
The  continued  exploration  of  the  Neolithic  remains  of  Knossos  is  necessary  for  the 
full  elucidation  of  many  of  ihe  problems  suggested  by  these  discoveries. 


8.  FxploraUons  at  Zakro  in  Eastern  CrMe,    By  D.  G.  Hogarth,  M.A. 

The  excavation  at  Zakro  in  East  Crete  has  been  concluded  so  recently  that  I 
must  confine  myself  to  a  plain  statement  of  the  raw  material  rendered  available 
for  study  thereby.  In  estimating  the  final  result  it  will  be  necessary  to  take 
aceount  of  positive  and  negative  evidence,  not  yet  to  hand  from  two  other  East 
Cretan  ntee,  lately  excavated,  Praesos  and  Gorynia.  Zakro  lies  in  the  south- 
eastern angle  of  the  island,  and  was  chosen  for  research  because  it  faUs  in  the 
Eteocretan  country,  anciently  reputed  to  he  inhabited  by  abori^nee,  and  because 
its  safe  bay  must  always  have  b^n  a  main  port  of  call  for  craft  sailing  between  the 
.^ean  coasts  and  Africa.  The  small  plain  of  Zakro,  entirely  hemmed  in  by  rugged 
hills,  is  full  of  early  remains,  beginning  in  the  later  pre->Mycenffian  period  and 
ending  with  the  close  of  the  age  of  bronze.  No  implements  of  iron  were  found  in 
it  at  all,  and  no  Hellenic  pottery.  The  town,  therefore,  owed  its  existence  to  a  com- 
merce which  ceased  or  passed  elsewhere  from  the  Geometric  age  onward.  The 
earliest  settlement  was  on  a  rugged  spur ;  and  although  almost  all  trace  of  its 
structures  have  disappeared,  it  has  left  abundant  evidence  of  itself  in  the  contents 
of  a  pit  about  eighteen  feet  deep.  This  was  found  half-full  of  broken  vases  in 
stone  and  clay,  laigely  of  the  singular  '  Kam&res '  class,  not  previously  found  in 
Eastern  Crete.  These,  however,  are  mainly  of  a  highly  developed  technique,  and 
their  commonest  schemes  of  ornament  reappear  unchanged  on  vases  of  distinctively 
*  Mycenaean '  fabric.  In  fact,  Eamiree  shapes  and  decoration  are  more  closely 
related  to  Mycenssan  at  Zakro  than  had  been  suspected.  But  the  absence  of  hoth 
neolithic  antecedents  and  the  earlier  kinds  of  painted  ware  from  this  site  suggests 
tiiat  its  civilisation  did  not  develop  on  the  spot,  but  was  brought  by  colonists, 
perhaps  partly  Cretan,  partly  foreign.  The  fine  quftUty  of  ware  in  this  pit  and  the 
fact  that,  though  of  various  periods,  it  was  apparently  all  thrown  in  at  one 
moment  leads  me  to  suspect  that  the  pit  contained  the  clearings  of  an  early 
shrine. 

At  a  later  period  the  settlement  extended  over  a  lower  spur  nearer  the  sea, 
and  there  very  massive  and  large  houses  were  erected  and  inhabited  till  the  verge 
of  the  Geometric  period.  Their  outer  walls  are  Cyclopean,  but  their  inner  parti- 
tions are  of  bricks  of  unusual  size.    Complete  plans  were  obtained  of  two  of  the 
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largest  Louses ;  and  paHs  of  seyeral  others  were  explored, indadiDg  tlie  low^por- 
tion  of  what  was  prohably  the  residence  of  the  local  chief  or  governor.  Tneee 
yielded  a  great  deal  of  pottery,  ranging  from  the  acme  of  the  Mycensean  period 
to  its  close,  and  the  types  furnish  a  better  criterion  of  date  than  we  have  poseeesed 
hitherto  in  Crete.  Numerous  bronze  implements  were  found,  but  these  yield  in 
interest  to  those  from  Gorynia.  Two  tablets  in  the  linear  'Cretan*  script  show 
that  this  system  was  known,  though  probably  little  used,  and  not  indigenous,  in  £a8l 
Crete,  mne  were  found  couched  in  the  pictographic  system  so  often  repieeented 
on  East  Cretan  gems.  Finally  a  hoard  of  500  clay  impressions  of  lo8t  sigpet 
gems  was  brought  to  light.  These  display  150  different  types  and  afford  a  price- 
less record  of  Mycenaean  glyptic  art  and  religious  symbolism.  Monstrous  oomoina- 
tions  of  human  and  bestial  forms  occur  in  great  variety,  half  a  dozen,  which  axe 
bull-headed,  suggesting  varieties  of  the  Minotaur  type.  The  comparison  of  all  this 
mass  of  new  material  with  the  symbols  of  Egyptian,  Mesopotamian,  and  other  cults, 
which  cannot  fail  to  be  fruitful,  has  yet  to  ^  made.  Cist  burials  were  discoTered 
in  eaves  farther  inland,  whose  grave  furniture  seems  to  support  certain  negative 
evidence  obtiuned  in  the  Upper  Zakro  district  and  at  Praesoe,  in  showing  Umt  tbid 
aboriginal  civilisation  of  East  Crete  was  independent  of  both  the  '  EAm&res '  and 
Myceufean  civilisations.  If  these  last  were  foreign  to  the  Eteocretan  country,  it 
seems  improbable  that  the  Eteocretan  language,  as  represented  by  the  Pnam 
inscriptions,  will  prove  to  be  that  expressed  by  the  linear  script  on  the  Knoesian 
tablets ;  and  the  hope  that  these  will  be  deciphered  becomes  fainter. 

9.  Some  Results  of  Recent  Excavations  in  Palestine. 
By  B.  A.  S.  Macalister. 

Excavations  have  been  carried  out  by  the  Palestine  Exploration  Fund  at  TeU 
Zakariya,  Tell  es-Safi,  Tell  ej-Judeideh,  and  Tell  Sandahannah,  in  the  west  ^ 
Judsda,  during  the  last  two  years.  Remains  extending  over  a  space  of  time  of 
some  fifteen  centuries  have  been  unearthed,  divisible  into  two  well-defined 
pre-Israelite  periods,  and  also  the  Jewbh,  Seleucidan,  and  Roman  periods  The 
general  result  has  been  to  throw  considerable  light  on  various  questions  respecting 
the  civilisation  and  religion  of  the  inhabitants  at  different  times. 

The  great  caves  of  ^t  Jibrin  and  its  neighbourhood  have  also  been  system* 
atically  explored,  and  some  light  shed  on  the  problem  of  their  origin  and  purpose. 


SATURDA  r,  SEPTEMBER  14. 

The  Section  did  not  meet* 


MONDAY^  SEPTEMBER  16; 
The  following  Report  and  Papers  ^ere  read : — 

\i  Report  on  the  Age  o/Stofie  Circles, — See  tlepdrts,  p.  427. 

2*  On  the  Chronology  of  the  Stone  Age  of  Man^  witli  especial  Reference  to 
his  Co-existence  tvitk  an  Ice  Age.^    By  W.  AllSK  Btubge,  M.D. 


*  To  be  published  in  Man,  1902; 
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3.  Naiurally  Chipped  Flints  for  CotnparisoH  witl^  certain  For^ns 
of  alleged  Artificial  Chipping,    By  G.  Coffey. 

The  author  exhibited  a  series  of  flints  from  the  Lame  raised  beach  and  other 
beaches  on  the  north  coast  of  Ireland  showing  the  manner  in  which  chipping  is 
efiected  in  the  action  of  the  waves.  Some  of  the  chipping  was  quite  fresh, 
probably  done  by  a  recent  gale,  and  admirably  illustrateathe  chipping  on  older 
Hints,  fie  compared  the  chipping  with  that  on  fragments  of  flint  from  river« 
drift  gravels  at  Bedford  and  with  the  chipping  of  the  'Plateaux  flints,'  and 
contended  that  the  evidence  pointed  to  the  same  or  a  similar  cause  in  both  cases. 


4.  Prehistoric  Man  in  the  IsUmd  of  Arrant    By  £bek.  Dukcan,  M.D.^ 
and  Thomas  H.  Bbtce,  M,A,,  M.D. 

The  island  of  Arran  haa  many  sepulchral  memorials  of  its  prehistoric  in- 
habitants, but  save  the  stone  circles  on  Manchrie  Moor,  explored  by  James  Bryoe, 
LL.D.,  in  1861,  none  seems  to  have  been  examined  except  by  the  casual  antiquary 
or  reclaiming  agriculturist. 

In  1806  Dr.  Duncan  explored  a  cairn  at  Torlin,  and  found  a  skull,  dolicho* 
cephalic  in  its  proportions,  and  a  number  of  bones,  but  no  implements  or  pottery 
to  fix  the  age  of  the  interment.  On  his  invitation  Dr.  Bryce  joined  him  in  a  more 
exhaustive  examination  last  summer,  after  he  had  obtained  the  sanction  of  the 
factor,  J.  Auldjo  Jameson,  Esq.,  W.S.  During  the  spring  and  summer  of  this 
year  by  aid  of  a  grant  from  the  tloyal  Society  of  Antiquaries  of  Scotland  Dr.  Bryce 
made  a  considerable  series  of  further  explorations.  The  comparative  results  of  the 
whole  series  of  investigations  may  be  summed  up  in  the  tabular  statement  annexed. 

The  table  shows  that  the  mere  presence  of  stone  implements  affords  no 
test  of  the  archsBological  horizon,  but  that  the  pottery  found  in  what  have  been 
called  '  Megalithic  cists  serially  arranged '  clearly  distinguishes  these  structures  as 
of  earlier  age  than  the  short  cists  either  in  cairns  or  circles,  and  one  may  with  fair 
certainty  affirm  that  the  interments  discovered  in  them  belong  to  a  race  still  in 
the  stage  of  Neolithic  culture. 

Only  at  Olachaig  and  Torlin  were  human  bones  discovered  in  such  preservation 
as  to  permit  of  examination.  At  Sliddery  and  Shiskin  all  traces  of  the  interment 
had  disappeared,  but  in  spite  of  a  large  amount  of  wood  charcoal  found,  the  absence 
of  any  trace  of  burnt  bone  makes  it  probable  that  the  interments  in  these  cists  also 
were  by  inhumation. 

Each  large  cist  contiuned  the  huddled  remains  of  six  to  ten  individuals  of  both 
sexes  and  all  ases,  from  the  infant  to  the  aged  person.  The  bones  lav  in  chaos  in 
the  comers  at  different  levels,  suggesting  either  that  the  bodies  were  dismembered 
before  burial,  or  that  they  were  placed  in  a  sitting  attitude  in  the  comers  so  that 
when  the  soft  parts  fell  away  the  bones  collapsed  in  confused  heaps. 

The  long  bones  recovered  were  much  broken.  No  male  femur  Is  entire,  but 
making  allowance  for  the  absent  lower  end  one  bone  gives  a  proportionate  stature 
of  5  ft.  4  in.  The  bones  taken  to  be  female  are  remaniable  for  tneir  shortness  and 
slendemess.  Two  entire  femora  made  the  stature  4  ft.  10  in.  All  the  male 
femora  are  platymeric,  and  have  a  prominent  luna  aspera ;  all  the  tibiso  more  or 
less jplatycnemic. 

The  skulls — three  male,  one  female — and  three  calvaria,  of  doubtful  sex,  are  of 
the  same  general  type.  They  are  of  lar]g[e  capacity,  of  gently  curved  contour, 
with  slightly  markea  glabella  and  supraciliary  ridges.  The  form  is  elonp^ated  ; 
the  sides  are  flattened,  with  slightly  marked  parietal  eminences ;  the  ooaput  is 
round  and  prominent  to  a  marked  degree ;  the  outline  in  the  norma  occipitalis  is 
pentagonal,  with  elevated  sagittal  suture  and  roof  fairly  sharply  sloping  to  join 
the  vertical  sides.  In  the  norma  verticalis  the  zygomatic  arches  just  show^  and 
the  shape  is  either  ellipsoidal  or  ovoid. 

■  To  be  published  in  full :  the  archaeological  evidence  in  Proo,  8oe,  Ant,  Soot, 
the  anthropometry  in  Joum,  Anthrop,  Imt,,  xxxii. 
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The  cephalic  indicee  of  the  whole  specimens  are  Qid'Sf  70, 75,  and  75*5,  so  Uiat 
two  belong  to  the  dolichoeephalic  group,  two  to  the  lowest  term  of  the  mesati- 
eqpbalic  group ;  the  three  calyaria  unquestionably  belong  to  the  same  series. 

The  face  is  orthognathous  and  leptoproeopio  in  the  male,  ehamasopiosopie  in 
the  female  skull.  The  nose  is  leptorhme  in  two,  mesorhine  in  two,  the  orbits  micro- 
seme  in  all.  The  mandible  has  a  well-marked  chin  and  moderately  marked 
angle.    The  teeth  are  moderate  and  much  worn  on  the  crowns. 

These  skulls  are  in  distinct  contrast  to  the  specimen  discovered  by  Dr.  James 
Bryce  in  the  stone  circle  on  Manchrie  Moor.  It  is  not  sufficiently  entire  for 
measurement,  but  to  the  eye  in  the  norma  Terticalis  the  brsadth  bears  a  consider- 
ably larger  proportion  to  the  length  than  in  the  skulls  discovered  by  us. 

Thus  in  the  '  AJegaUthic  cists  serially  arranged '  in  Arran  individuals  of  a  race 
were  intenred  with  anatomical  characters  closely  resemblinff  those  of  the  long 
barrows  in  England,  and  two  of  the  specimens  exactly  realise  Wilson's  description 
of  a  kumbecephalic  skull. 

5.  The  Bones  of  Hen  Nekht}    By  Charlbs  S.  Mtbrs,  M.A. 

Hen  Nekht  is  the  earliest  king  of  whom  the  remains  have  been  found.  He 
reigned  over  Egypt  during  the  thlM  dynasty,  about  4000  n.c.  Mr.  John  G^rstang, 
who  discovered  the  tomb  last  season,  asked  me  to  undertake  the  measurement 
and  description  of  the  bones.  I  am  indebted  to  him  for  permission  to  give  the 
British  Association  my  results  to-day,  before  they  are  more  fully  incorporated  in 
the  official  report  of  his  excavations,  which  is  to  be  published  by  the  Egyptian 
Research  Account.  The  bones  recovered  are  the  skull,  the  tibi»,  a  left  humerus, 
left  femur,  left  clavicle,  broken  fibul»,  pelvis,  and  scapuhe.  The  vertebm  and 
fragments  of  other  bones  were  not  brought  away. 

The  skull  is  extraordinariljr  massive  and  capacious.  The  cranial  length- 
breadth  index  is  79*3,  the  nasal  index  61*9,  the  orbital  index  82*2.  The  face  seems 
orthognathous.  The  long  bones  reflect  the  character  of  the  skull.  They  are 
remarkably  long  and  strongly  ridged. 

The  bones  are  those  of  an  unusually  tall  man.  The  coefficients,  however,  for 
determining  stature  from  the  length  of  the  long  bones  differ  considerably  is  indivi- 
duals as  well  as  in  races.  The  height  of  Hen  Nekht  may  probably  be  estimated  at 
1,870  millimetres.  Such  a  stature  would  very  likely  have  been  considered  gigantic 
by  the  krog's  historians. 

Manetho  records  as  the  last  two  kings  of  the  second  dynasty  Sesochris  and 
C^enme,  whose  reigns  amounted  to  seventy -eight  years.  Eratosthenes,  another 
historian,  after  apparently  omitting  the  second  dynasty,  placea  Momcheiri, 
reigning  seventy-nine  years,  as  head  of  the  Memphite  (third)  dynasty.  Possibly 
Sesochris  and  Cheneres  were  one  and  the  same  king,  to  whom  Eratosthenes  gave 
the  name  of  Momcheiri.  Manetho  describes  Sesochris  as  a  giant  Jive  cubiU  in 
keifkt  and  three  palme  [in  breadth — omitted  in  one  of  the  texts].  Eratosthenes 
describes  Momcheiri  as  wtpura-ontXrf^  and  as  a  Memphite.  A  manied  discrepancy 
occurs  in  all  lists  between  the  close  of  the  second  Thinite  and  the  opening  of  the 
third  or  Memphite  dynasty.  Possibly  with  the  introduction  of  stone  buildings 
and  pyramids,  and  with  the  change  of  the  seat  of  government  from  This  to 
Memphis,  a  new  ruling  race  arose  at  Memphis  with  the  third  dynasty,  of  whose 
kin^,  one,  tall  among  his  own  people,  was  reckoned  a  giant  by  his  Egyptian 
subjects. 

Whether  or  not  Hen  Nekht,  Momcheiri,  and  Sesochris  are  identical  may  be 
diluted,  but  there  can  be  little  doubt  that  the  stature  of  the  last  has  been 
exaggerated  by  Manetho. 

Tne  features  of  Hen  Nekht*s  skull  agree  far  closer  with  those  of  the  dynastic 
than  with  those  of  the  prehistoric  times,  according  to  Mr.  Bandall-Maclver'a 
measurements. 

The  proportions  borne  by  the  long  bones  of  Hen  Nekht  to  one  another  and 
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to  his  probable  stature  correspond  more  nearly  with  those  observed  in  Neffio  than 
in  European  skeletons.  Similar  measurements  made  on  a  number  of  skeTetons  of 
the  prehistoric  and  early  empire  period  show  in  most  cases  the  same  correspond* 
ence.     But  further  research  is  here  necessary. 


6.  PaUeoUthic  Imptement  with  alleged  Thong-marks, 
By  Miss  Nina  F.  Latard. 

This  fine  PaliBolithic  hatchet  was  found  in  Levington  Road,  Ipswichy  at  s 
depth  of  about  fire  feet.  In  the  natural  depressions  of  the  flint  the  original 
surface  of  the  nodule  escaped  being  worked  away  when  the  hatchet  was  shi^ed, 
leaving  a  rough  surface.  This  surface  consists  of  more  than  one  layer,  the  outor- 
most  of  which  appears  to  have  been  removed  by  friction. 


7.  On  a  Piece  qf  Yew  from  ike  Forest  Bed  on  the  East  Coast  of  England^ 
apparently  cut  by  Man,     By  P.  D.  Longe. 

This  object  was  found  by  tlie  author  with  other  pieces  of  yew  in  a  section  of 
cliff  exposed  after  a  hieh  tide  in  the  Kessiiigland  Freshwater  Bed,  belonging  to 
t  he  Cromer  Forest  Bed  Series.  Some  days  afterwards,  in  cleaning  the  piece  of  yevr, 
he  discovered  two  oblique  cuts  upon  it,  made  by  some  implement  much  sharker 
and  thinner  than  the  lar^e  manufactured  instruments  (Pal»olithic  or  Neolithic) 
with  which  we  are  familiar.  He  believes  that  the  circumstances  ezdude  the  idea 
that  these  cuts  are  of  recent  origin. 


8.  Exihibition  of  Manufactured  Oljectsfrom  Irish  Caves, 
By  G.  CoFFKY. 


0.  On  the  Temporary  Fissures  of  tJte  Human  Cerebral  Hemispheres^  toiih 
Observations  on  the  Development  of  the  Hippocampal  fissure  and 
Hippocampal  Formation.  By  Professor  J.  Symington,  M.D.^  Queen'9 
College,  Belfast, 

This  paper  discussed  the  views  recently  published  by  Hochstetter,  who  main- 
tains that  the  so-Killed  temporary  or  transitory'  fissures  of  the  human  cerebral 
hemispheres,  which  have  been  described  by  so  many  anatomists  as  existing 
towards  the  end  of  the  third  and  during  the  fourth  months  of  foetal  life,  are  not 
present  in  the  fresh  brain,  but  are  the  products  of  commencing  maceration  and 
putrefication.  Professsor  Symington  admitted  that  the  frequency  of  the  occur- 
rence and  the  depth  of  these  fissures  had  been  exaggerateci,  but  he  showed  a 
number  of  photographs  of  specimens,  both  macroscopic  and  microscopiCy  in  support 
of  the  view  that  they  did  occur  in  well-preserved  material.  He  admitted, 
however,  that  the  arcuate  fissure,  even  if  not  an  artificial  product,  had  no 
morphological  significance,  and  that  its  posterior  part  had  nothing  to  do  with  the 
hippocampal  fissure.  He  also  exhibited  a  series  of  sections  of  the  brain  of  a 
human  foetus  in  which  the  hippocampal  fissure  and  the  hippocampal  formation 
could  be  traced  from  near  the  temporal  pole  of  the  hemisphere  upwards  and 
forwards  towards  the  frontal  end  of  the  brain  dot*sal  to  the  developing  transverse 
commissures. 

Attention  was  directed  to  the  interest  of  the^  facts  in  connection  with  the 
position  of  the  hippocampal  fissure  and  formation  in  the  marsupialia  and  mono- 
tremata  where  they  occupy  a  similar  position  throughout  life.  Tnese  observations 
also  support  the  opinion,  hitherto  based  mainly  on  comparative  anatomy,  that  the 
rudimeutary  grey  and  white  matter  existing  on  the  dorsal  aspect  of  the  adnlt 
human  corpics  callosum  is  the  remains  of  a  hippocampal  formation. 
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10.  On  Supra-atemal  Bones  in  tlte  Human  Subject. 
By  Principal  Mackat,  M.D,^  LL.D. 


1 1 .  Tlis  Frequency  and  Pigvientation  Value  of  Surnames  of  School  Children 
in  Fast  Aberdeenshire.    By  J.  P.  Tocheb,  FJ.C.f  and  J.  Gray,  B.Sc. 

In  the  course  of  a  pigmentation  survey  carried  out  by  us  in  East  Aberdeen- 
shire in  1896  and  1897  we  obtained  the  statistics  of  the  surnames  and  pigmentation 
of  14,661  (practically  the  >vhole)  school  children   ihere.     An  analysis  of  the 

Shysical  characteristics  apart  from  the  surnames  has  already  been  published.^ 
'he  present  paper  deals  with  the  distribution  of  the  frequencies  of  surnames  and 
their  correlation  with  pigmentation.  We  have  found  that  among  the  14,561 
children  there  are  751  different  surnames.  The  frequency  of  these  surnames 
varies  between  1  and  267,  Milne  being  the  most  frequent,  the  next  in  order  being 
Smith,  Taylor,  Stephen,  and  Bruce.  If  the  surnames  are  arranged  in  order  of 
frequency  a  curve  representing  the  frequency  takes  the  form  roughly  of  a 
rectangular  hyperbola.  The  distribution  of  surnames  is  very  unequal:  for 
example,  one-half  of  the  population  has  to  be  content  with  12^  per  cent,  of  the 
surnames,  while  one-half  of  the  surnames  is  mononolised  by  950  persons. 
Hereditary  surnames  were  not  in  common  use  in  Scotlana  until  the  thirteenth  and 
fourteenth  centuries.  There  is  a  presumption,  therefore,  that  the  present  poa- 
sessors  of  surnames  inherit  some  of  the  physical  characteristics  of  ancestors  of  that 
date.  It  becomes  necessary  to  investigate  the  origin  of  surnames.  We  have  d i vided 
them  broadly  into  two  classes:  (1)  Lowland,  including  names  of  Anglo-Saxon, 
Norman,  ana  Scandinavian  origin;  (2)  Highland,  including  names  derived  from 
the  names  of  Highland  clans.  Of  the  751  surnames,  sixty-three  were  Highland, 
representing  13-14  per  cent,  of  the  population.  It  is  interesting  to  note  that  in 
a  previous  investigation '  we  came  to  the  conclusion,  from  an  analysis  of  the 
measurements  of  me  adult  population,  that  the  Highland  element  was  present  to 
the  extent  of  14  per  cent,  in  East  Aberdeenshire.  We  have  calculated  the 
pigmentation  value  of  the  hair  and  eyes  for  the  tifty-nine  most  frequent  surnames, 
and  arranged  them  in  series  according  to  pigmentation.  We  find  that  there  is  a  wide 
variability  in  the  pigmentation  of  different  surnames,  pointing  to  the  conclusion 
that  septs  or  clans,  as  represented  by  surnames,  tend  to  retain  distinct  phyacal 
characteristics.  Amongst  the  darkest  in  the  series  we  find  surnames  common  in 
fishing  communities.  This  supports  the  tradition  that  the  fishing  population  on 
the  east  coast  of  Scotland  is  ot  Belgian  origin,  since  the  Belgians  are  the  darkest 
people  of  Northern  Europe.  We  find  that  the  pigmentation  of  Highland 
surnames  corresponds  closely  with  the  pigmentation  in  their  districts  of  origin. 
An  example  of  this  is  seen  in  the  blond  Erasers,  having  thdr  origin  in  the  blond 
Inverness  district,  and  dark  Robertsons  and  Gordons  in  dark  Pertnshire  and  West 
Aberdeenshire.  The  surnames  of  Wallace,  Pirie,  Grant,  Park,  and  Bimie,  we 
find,  have  strong  blond  tendencies,  while  the  surnames  of  Cordiner,  Cruickshank, 
Stephen,  Strachan,  Buchan,  Paterson,  and  Whyte  are  darkest  in  our  list.  The 
surnames  having  the  largest  percentage  of  red  hair  are  Eennie,  Scott,  Grant,  and 
Thomson,  and  those  having  the  least  percentage  are  Johnston,  Walker,  Burnett, 
Forbes,  and  Watson. 

The  validity  of  these  conclusions  depends  on  whether  they  are  confirmed  by 
a  complete  survey  of  the  whole  of  Scotland,  which,  we  hope,  may  be  carried  out 
at  an  early  date. 

'  Jonrn.  Anihroj/.  Inst,  vol.  xxx.  pp.  104-125. 
'  Het  Brit.  Assoc.  He^wrtt  Bradford,  1900. 
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TUESDAY,  SEPTEMBER  17. 

The  following  Papers  and  Reports  were  read : — 

1.  On  the  Functions  of  the  Malemal  Uncle  in  Torres  Straiis. 
By  W.  H.  R.  Rivers,  M.D. 

In  the  western  tribes  of  Torres  Straits  descent  is  at  the  present  time  strictly 
paternal,  and  yet  customs  exist  among  these  people  which  diow  that  in  some  respects 
the  relationship  between  maternal  uncle  and  nephew  is  regarded  as  nearer  than  that 
between  father  and  son.  The  system  of  kinship  is  of  the  kind  known  as  'claastfl- 
catory/  and  the  customs  to  be  described  npply  not  only  to  the  brothers  of  the 
mother,  in  the  strict  sense,  but  to  all  those  males  of  the  clan  of  the  same  genera- 
tion as  the  motber  whom  the  latter  would  call  brother. 

A  man  will  cease  fighting  at  once  when  told  to  do  so  by  his  maternal  uncle. 
The  power  of  the  uncle  is  so  great  that  a  fight  between  the  natives  of  two  hostile 
islands  (Mabuiag  and  Moa)  might  be  stopped  if  a  man  on  one  side  saw  his  sisters 
son  among  his  enemies. 

This  power  of  stopping  a  fight  is  not  possessed  to  the  same  extent  by  the  fiitber 
or  mother,  and  a  man  may  continue  to  fight  even  after  the  father  or  mother  has 
given  certain  indications  of  the  nearness  of  the  bond  between  them  and  the  son. 
The  maternal  uncle,  on  the  other  hand,  stops  a  fight  by  a  mere  word. 

The  brother-in-law  (mt)  has  also  the  power  of  stopping  a  fight,  but  in  this 
case  it  is  the  duty  of  the  man  who  has  been  stopped  to  make  a  present  to  the 
brother-in-law.    No  such  present  is  made  to  the  uncle. 

Another  indication  of  the  closeness  of  the  relationship  between  maternal  oncle 
and  nephew  is  that  the  latter  may  take,  lose,  spoil,  or  destroy  anything  belonging 
to  his  uncle  (even  a  new  canoe,  probably  the  most  valuable  possession  a  man  can 
have)  without  a  word  of  reproacn  from  the  latter.  I  was  told  that,  even  if  the 
nephew  was  quite  a  small  boy,  he  could  do  what  he  Uked  in  his  uncle's  house — 
could  break  or  spoil  any  of  his  uncle's  property  and  the  uncle  would  say  nothing. 

As  a  boy  grew  up  he  went  about  more  with  his  uncle  than  with  his  father, 
and  I  was  told  that  he  cared  more  for  his  uncle.  At  the  ceremonies  connected 
with  the  initiation  of  the  boy  into  manhood,  it  was  the  maternal  uncles  who  had 
especial  care  and  complete  control  of  the  boy,  and  imparted  to  him  the  traditions 
and  institutions  of  the  tribe.  When  the  boy  married,  the  father  provided  the 
necessary  presents;  but  the  actual  payment  was  made  by  the  maternal  uncle,  to 
whom  the  presents  were  given  by  the  boy's  father. 

One  point  of  interest  in  tiiese  customs  is  that  they  are  found  in  a  tribe  in 
which  descent  is  now  paternal,  and  must  probably  be  regarded  as  vestiges  of  a 
previous  condition  in.  which  descent  was  maternal,  and  the  brothers  of  the  mother 
were  regarded  as  nearer  kiu  than  the  father. 

Another  point  of  more  special  interest  is  to  be  found  in  the  similarity  between 
one  of  these  customs  and  the  '  vasu '  institution  of  Fiji.  This  institution,  which 
has  been  spoken  of  as  the  '  keynote  of  Fiiian  despotism,'  may  be  regarded  as  an 
extreme  development  of  the  custom  which  in  Torres  Straits  permits  a  nephew  to 
take  anything  belonging  to  his  maternal  uncle.  In  Fiji  this  custom  has  g^wn  to 
such  an  extent  that  the  nephew  of  a  king  may  be  '  vasu '  to  all  hiB  uncle's  subjects, 
and  may,  with  impunity,  despoil  his  uncle's  subjects  of  all  their  most  ndned 
possessions. 


2.  On  ilie  FunciMns  of  the  Son-in-Lcum  emd  Brother-in-Law  in 
Torres  Straits.    By  W.  H.  R.  Rivers,  MJ). 

In  both  the  eastern  and  western  tribes  of  Torres  Straits,  as  in  so  many  parts 
of  the  world,  a  man  is  not  allowed  to  utter  the  names  of  his  wife's  relatives.  He 
does  not  speak  to  his  father-in-law,  and  carries  out  any  necessary  commumcatioti 
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through  his  wife.  If,  for  any  reason,  it  ahould  become  neoeseary  to  speak  to  his 
fkther-in-law,  he  talks  in  a  low  voice  and  mild  manner. 

In  the  western  tribe  this  disability  is  associated  with  certain  duties  and  privi^ 
leges.  The  brother-in-law  has  the  power  of  stopping  a  fight,  but  apparwitly  not  to 
80  marked  an  extent  as  in  the  case  of  the  maternal  imcle. 

When  a  man  dies  the  duty  of  looking  after  the  body  and  the  mourners  MU 
largely  on  the  brother-in-law  (imt).  If  the  man  has  died  away  from  home  it  is  the 
duty  of  tiie '  imi '  to  announce  the  death  to  the  widow  and  brothers  of  the  deceased,  and 
the  '  imi '  gives  the  signal  for  the  crying '  keening '  to  commence.  He  prepares  the 
body  and  carries  it  to  the  grave.  He  stops  the  crying,  gives  food  to  the  mouinevs, 
and  fills  the  nipe  of  the  brother  of  the  dead  man.  If  no  brother-in-law  is  present 
these  duties  devolve  on  the  father  in-law  (tra),  or,  if  no  '  ira '  is  present,  on  the 
sister^n-law  {ngatibat).  Owing,  however,  to  the  large  number  of  orothers-in-law 
provided  by  the  classificatory  system  of  kinship,  thb  rarely  happens. 

The  brother-in-law  has  also  definite  duties  in  connection  with  fishing,  and  has 
a  definite  place  in  the  fore  part  of  the  canoe.  It  is  his  duty  to  hoist  the  sail,  to 
heave  the  anchor,  to  bale  out  water,  to  light  the  fire  and  prepare  food,  and  to 
spear  the  dugong  or  turtle.  He  has,  in  faJcX,  to  do  all  the  hard  work,  while  the 
owner  or  captain  of  the  boat  has  little  to  do  beyond  giving  orders.  In  special 
kinds  of  fishing,  as  in  that  in  which  the  sucking  fish  is  used — of  which  Dr.  Haddoa 
has  given  an  account — certain  of  the  operations  are  carried  out  by  the  brother- 
in-law. 

At  a  dance  a  man  does  not  wear  his  own  mask  ijcra)  but  that  of  his  brother- 
in-law. 

It  seems  probable  that  these  customs  may  be  regarded  as  vestiges  of  a  condi- 
tion which  does  not  now  exist  in  Torres  Straits,  but  is  found  in  many  parts  of  the 
world,  viz.,  a  condition  in  which  a  man  lives  with  and  serves  the  family  of  his 
wife. 

These  customs,  and  those  connected  with  the  maternal  uncle,  agree  in  pointing 
to  the  existence.,  at  some  time,  in  Torres  Straits  of  a  stage  in  the  development  of 
the  family  in  which  the  husband  was  a  relatively  unimportant  appendage,  and  the 
head  of  the  family  was  the  brother  of  the  wife )  a  stage  of  development  which  is 
still  to  be  found  in  some  parts  of  the  world,  as  among  the  Sari  Indians,  recently 
investigated  by  McGee. 

[The  full  account  of  this  and  the  preceding  Paper  will  be  published  in  the 
Meport  of  the  Cambridge  Anthropological  Expedition  to  Torres  Straits,^] 


3.  Same  Emotions  in  the  Murray  Islander.     By  Chakles  S.  Mters. 

A  belief  is  widely  spread  that  in  the  degree  of  their  control  over  the  impulses 
of  their  emotions  lies  the  essential  difierence  between  the  civilised  and  uncivilised 
mind,  and  that  the  emotions  of  a  savage  are  accordingly  a  series  of  powerful 
stimuli,  directly  and  automatically  releasing  their  appropriate  actions  without  the 
efi*ective  intrusion  of  thought,  reason,  or  self-consciousness. 

The  writer's  experiences,  as  member  of  Dr.  Haddon's  Cambridge  Anthropo- 
logical Expedition  to  the  Torres  Straits  and  Borneo,  have  led  him  to  doubt 
whether  such  a  view  is  particularly  or  even  broadly  true.  He  found  that  the 
general  conduct  of  the  Murray  Islanders,  an  undoubtedly  vivacious  and  excitable 
people,  was  comparable  to  that  of  other  similarly  emotional  country  folk,  e,g,,  the 
rural  population  of  South  Europe.  He  believes  that  such  differences  as  exist  are 
due  not  so  much  to  distinctive  mental  constitution  as  to  the  varying  sanctions 
and  customs  of  society. 

The  intense  excitement  prevailing  at  the  games  of  the  Murray  Islanders 
perhaps  atoned  for  their  remarkable  disiegard  for  orderly  competition ;  a  feature 
which  is  nerhaps  to  be  connected  with  tne  feeble  fighting  powers  and  the  social 
equality  or  these  people  in  the  past. 

>  Sec  also  Man,  1901,  pp.  186, 187. 
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Lack  of  oonoentration  haa  been  generally  conudered  a  characteristic  of  unoivil- 
ised  races.  Probably  no  conditions  are  more  absorbing  than  the  deeply  rooted 
emotions  of  love,  hatred,  anger,  and  fear.  Fear  of  his  neighbour  was  Tery 
common  among  the  Murray  Islandera.  No  human  life,  no  crop  of  food,  was 
ever  lost  save  through  the  sorcery  practised  by  8ome  enemy  thereon.  £xtra* 
ordinary  mental  depression,  even  death,  is  reported  to  have  followed  an  islander's 
belief  that  some  one  had  used  magic  against  nim. 

The  feeling  of  shame  was  awakened  under  conditions  which  are  astonishing  to 
us.  The  birth  of  twins  was  a  matter  of  great  reproach  both  to  the  father  and  to 
the  mother.  Shame  was  likewise  excited  if  a  man  mentioned  the  name  of  any  of 
his  wife's  relatives. 

Just  as  social  custom  in  Murray  Island  encouraged  the  pla^  of  shame,  so  it 
appears  to  have  lessened  the  force  of  parental  affection.  Infanticide  used  formerl  j 
to  prevail.  To  this  day  the  practice  is  retained  of  frequently  giving  away  infiuits 
for  adoption  a  few  days  after  birth,  so  that  they  grow  up  ignorant  of  thdr  iToe 
father  and  mother. 

So  far  as  was  noticed,  the  expression  of  the  emotions  in  no  way  differed  from 
what  has  been  observed  among  Europeans. 

Certain  psychological  experiments  demonstrated  great  differences  in  tempera* 
ment  among  the  various  islanders. 

4.  Notes  on  Some  CuaUmis  of  the  Fellahin  of  We$t  Palestine. 
By  R.  A.  S.  Macalister. 

The  paper  consists  of  brief  notes  on  tatu,  native  feasts,  marriage  ceremonies, 
and  other  details  in  the  daily  life  and  customs  of  the  Fellahin. 

5.  Beport  on  the  Ethnological  Survey  of  Canada.— See  Beports,  p,  409, 


6.  Dekanawidehf  the  Lato-giver  qftihe  Caniengahakas.^ 
By  John  Ojijatekha  Brant  Sero. 

The  author,  himself  a  Canadian  Mohawk,  discusses  the  significance  of  the  name 
Iroquois,  whidi  he  derives  from  I-ih :  rongwe :  *  self '  (t.e.,  *  genuine,'  *  real ')  '  man/ 
in  allusion  to  the  boasted  superiority  of  the  Iroquois  over  their  neighbours.  He 
recounts  the  traditional  origm  of  the  ancient  system  of  government  still  in  use 
among  the  Six  Nations  of  Canada,  and  the  symbolic  form  in  which  it  was  handed 
down  by  its  originator,  Dekanawideh,  The  purpose  of  the  gens  system  and  of 
the  matriarchal  element  in  the  constitution  is  explained,  and  their  practical 
workings  are  described.  The  paper  concludes  with  an  account  of  the  symbolic 
forms  of  debate  which  are  observed  in  the  great  tribal  and  grand  Council,  and 
with  an  estimate  of  the  influence  of  these  institutions  upon  the  Mohawk  ideals  and 
character. 


7.  The  Tehuelche  Indians  o/PcUagonia,    By  Heskbth  Prighard. 

The  author  describes  the  anthropological  results  of  the  ^  Express '  Expedition 
to  Patagonia  among  the  Tehuelche  Indians,  a  nomad  people  living  in  toldos. 
Their  physical  characteristics,  past  history,  and  curious  customs  are  de* 
scribed,  with  details  of  their  marriage  customs  and  of  the  position  of  women 
among  them.  The  outlines  of  their  religion  are  given,  ana  their  fear  of  the 
cordiSera  is  discussed.  A  description  of  the  Oalichu  follows.  The  native  methods 
of  hunting,  guanaco,  and  of  training  horses  are  detailed.  The  author  examines 
the  Tehuelches'  ideas  of  distance,  and  their  attitude  towards  the  white  man,  and 

1  Pabllshed  in  fall  in  Man,  1901,  p.  134. 
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oomdodes  by  an  aooount  of  their  relations  with  the  traders.    A  note  is  added  on 
the  native  mode  of  burial. 

8.  The  Lengua  Indiana  of  the  Gran  Chaco,    By  Seymour  Hawtrey. 

The  author  describes  the  country  and  the  distribution  of  the  Lengua  Indians — 
their  physical  type,  language,  social  organisation,  mode  of  life,  industries  and 
religion — and  notes  the  effects  of  contact  with  Paraguayan  and  European  civilisa* 
tion.  The  paper  will  be  published  in  full  in  the  '  Journal  of  the  Anthropological 
Institute,'  vol.  xxxi.  

9.  Rep(yrt  on  the  Skeai  Expedition  to  the  Malay  Peninsula, 
See  Reports,  p.  411. 


10.  The  WUd  Tribes  of  the  Malay  PeninstiW    By  W.  W.  Skbat,  M.A. 

1.  The  Malapr  Peninsula,  its  position  in  S.E.  Asia.  Distribution  of  British  and 
Siamese  possessions  therein. 

2.  The  wild  tribes.    Martin's  classification : — 

(a)  Dark,  frizzly-haired  Negrito  tribes,  called  Semang,  residing  in  the  northern 
districts. 

(b)  Lighter  wavy-haired  tribes  called  Sakai,  in  southern  districts. 

(c)  Mixed  tribes  in  contact  with  Malay  settlements  (also  in  southern  districts). 

3.  Description  of  Semangs  (type  a)  as  follows : — 

Height  of  men,  about  4  ft.  9  in. ;  women,  about  8^  inches  shorter. 

Colour  of  skin,  very  dark  brown,  passing  into  black. 

Head,  between  long  and  round  (mesatice^halic) ;  forehead,  low  and  rounded, 
projecting  over  the  root  of  the  nose,  which  is  short  and  very  flat  or  spreading ; 
eyes  round,  open,  bright,  and  straight  (not  obliaue) ;  iris,  rich  deep  brown ;  lips 
moderate  and  mouth  rather  large ;  <min  but  little  ae?eloped,  and  slight  prognathism. 

Hahr  very  dark  brownish-black  (never  blue-black,  as  among  MaUys  and 
Ohinese),  eurling  closely  to  the  scalp. 

4.  Description  of  Sakais  (type  b)  as  follows : — 

Height  does  not  materially  differ  from  that  of  the  Semangs. 

Colour  of  skin,  much  lighter  than  that  of  the  Semangs,  with  reddish  tinge 
about  breast  and  extremities. 

Head,  long  (doUchocephalio) ;  amon^^  the  purest  Sakai  markedly  so ;  eyes  rest- 
less, not  bright,  semi-closed.  Face  inchned  to  be  long,  but  broad  at  the  cheek- 
bones, with  pointed  chin ;  elliptical ;  forehead  flat,  but  brow  often  beetling,  the 
notch  above  the  nose  being  very  deep ;  nose  small,  often  slightly  tilted  and  broad, 
with  deep-set  nostrils ;  beard  conusting  of  a  few  long  frizzly  chin-hairs,  remark- 
ably like  that  of  the  Veddas  of  Ceylon,  to  whom,  at  first  sight,  the  Sakai  present 
considerable  resemblance. 

Hair,  lank  and  wavy,  often  worn  in  a  great '  shock.' 

5.  Specimens  of  the  types  referred  to  above. 

6.  Food  of  the  wild  tribes  mainly  vegetable  (wild  roots  and  fruits),  eked  out 
by  any  sort  of  animal  food  procurable. 

7.  Hunting  and  trapping.  The  blowgun  and  the  bow.  The  former  is  a  long 
slender  tube  or  blowpipe  comnosed,  when  possible,  of  a  single  joint  or  intemode  of 
bamboo,  over  six  feet  long,  which,  for  protection,  is  inserted  in  a  similar  (slightly 
laiger)  tube  or  case.  Method  of  using  it.  Darts,  poisoned  with  the  sap  of  the 
upas  tree  (Antiarts),  or  the  upas  creeper  (Strychnos),  and  made  to  break  off  in  the 
wound.    Range  and  effect  of  these  darts. 

'  To  be  published  in  full  in  Jaum,  Anthrop,  Imt.,  voL  xxxii. 
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6.  Olotiiiiig  of  the  Wild  Tribes.— Cloth  manufactured  from  beaten  teee^baik. 
Methods  of  wearing  this  doth.  Girdle  manufactured  from  the  riuxomofph  of  a 
fungus.  Necklaces  aud  magic  combs  worn  in  their  hair  by  women  as  a  proteetkn 
against  fever  and  snake-bite,  &c. 

0.  Huts  and  shelters  of  the  wild  tribes.— The  tiee-hut,  lean-to,  beehive- 
shelter,  and  pahn-leaf  hut. 

10.  Musical  instruments,  festivals,  and  songs.  The  nose-flute.  Head*drciH% 
leaf-festoons  and  leaf-bouquets,  said  to  be  worn  to  entrap  demons. 

11.  Ghie&  and  medicine-men.  The  exorcism  of  demons.  The  tig<arHiiaa,  of 
b'lian. 

12.  Marriages:  the  so-called  ant-heap  ceremony. 

13.  Burials :  the  soul-hut  erected  beside  the  grave  of  the  deceased. 

14.  Ideas  of  a  future  life :  the  moon  as  the  Island  of  Fruits,  as  T^^d  Man's 
Paradise. 

11.  Anthropological  Notes  on  Sax  Kau,  a  Stamo-Malayan  Village  in  the 
State  of  Nawnchik  (Tojan),  By  Nelson  Annandale,  B,A,^  and 
Hbrbbrt  C.  Robinson. 

12.  il  Provisional  ClassificaUof^  of  the  Swords  of  the  Sarawak  Tribes,'^ 
By  B.  Shelford,  M,A, 

The  short  swords  or  parangs  of  the  Sarawak  tribes  are  divisible  into  ten 
mincipal  varieties :  T\xq  parang  Hang  or  malat  of  the  Eiyans,  Kenyabs,  Kalabits, 
r unans,  and  allied  tribes ;  the  nxabor,  langgai  tinggangf  pmjnd,  and  6ayv  of  the 
Sea-Dyaks;  the /MiAayun  of  the  Muruts;  the  parang  pedang  o{  the  Malays  and 
Milanos;  the  latok  of  the  Malays  and  Milanos  ;  the  buko  and  the  pandat  d  the 
Land-Dyaks. 

The  blade  of  the  parang  Hang  or  malat  differs  from  all  others  in  being  concave 
on  the  inner  side,  convex  on  the  outer  side ;  the  blade  also  curves  sli^riitlv  out- 
wards. A  zoomorpbic  pattern  is  usually  present  on  the  outer  side  of  nie  blade, 
rarely  on  the  inner  side.  The  back  of  the  blade  b  sherter  than  the  edge,  so  that 
the  Uade  appears  as  if  it  had  been  obliquely  truncated :  this  truncate  edge  mav  be 
termed  the  '  slope.'  The  character  of  the  slope  varies  very  considerabfy,  and  on 
these  variations  the  natives  base  a  complicated  elassificadon  of  this  type  of  wea^n. 
Tlie  handle  is  usually  of  stag's  horn :  it  is  very  elaborately  carved  and  decorated 
with  tufts  of  dyed  hair.  The  sheath  is  composed  of  two  grooved  slats  of  wood 
(as  is  also  the  case  in  all  the  other  varieties  of  parangs),  tightly  bound  together 
with  lashings  of  rattan  and  decorated  with  hair ;  a  small  bark  pocket  is  lashed  to 
the  inner  side  of  the  sheath,  and  contains  a  small  knife. 

The  niabor  is  the  characteristic  weapon  of  the  Sea-Dyaks.  The  blade  is 
strongly  curved,  and  the  back  and  edge  pass  insensibly  to  a  point,  so  that  there  is 
no  slope;  there  is  a  prominent  fln^er-guard.  The  handle  is  much  flattened 
laterally,  and  i^  invariably  carved  wim  a  phyllomorphic  pattern. 

The  langgai  Unggang  is  practicallv  a  niabor  with  the  nandleof  a  parang  ilaag: 
the  term  langgai  tinggang,  meaning  the  longest  tail-feather  of  a  hombill,  is  aj^filioa 
to  this  weapon  by  reason  of  a  broad  groove  which  runs  along  the  blade  on  each 
side,  fancifully  supposed  to  be  feather-hke  in  appearance. 

TheyiTnfm/  is  of  recent  origin,  and  may  be  ocmsidered  as  a  hybrid  between 
the  langgai  tinggang  and  parang  ilang.  The  blade  has  flat  sidety  thus  rosamyjug 
the  two  preceding  types  or  parangs ;  but  the  back  and  edge  do  not  pass  insensibly 
to  a  point,  but  there  is  a  short  and  abrupt  slope.  An  incised  phyllomM|^lHe 
design  typically  decorates  both  sides  of  the  blade  near  its  insertioQ  into  the 
handle,  oat  of  late  years  the  Sea-Dyaks  have  taken  to  oc^ying  Kayan  and  Keajnnk 
zoomorpbic  designs  in  the  ornamentation  fsi  their  wei^Kmt.  The  haadle  is  of  the 
parang  ilang  type. 

>  To  be  pnblidted  in  full  in  Jmvm,  AtMrop.  Jmt^  voL  zxxL 
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The  bayu  iB  a  double-edged  sword ;  the  centre  of  the  blade  on  each  side  is 
grooved  and  ornamented  with  an  incised  pattern. 

The^o^oytm  is  a  long,  narrow  curved  olade,  which  is  never  ornamented  with  a 
design.  The  handle  is  invariably  made  of  wood,  and  is  quite  characteristic  in 
shape ;  the  grip  of  the  handle  is  supplied  by  a  cylinder  of  brass  expanding  at  the 
insertion  of  the  blade  into  a  circular  lip,  which  serves  as  a  finger-guard. 

Hie  parang  pedang  is  largely  used  in  agriculture.  The  Ua^e  is  long,  very 
strongly  curved^  and  very  broad  at  the  end,  tapering  rapidly  to  the  point  of 
insertion  into  the  handle.     The  handle  is  of  wood,  and  of  a  distinctive  shape. 

The  latok  is  characterised  by  the  open  angle  which  the  shoulder  of  the  blade 
and  the  handle  form  with  the  rest  of  the  blade.  The  cutting  part  of  the  blade  is 
not  curved,  the  back  is  slightly  shorter  than  the  edge,  and  there  is  a  short  curved 
dope.  The  back  is  very  thick,  so  that  the  blade  is  wedge-shancKl  in  section ;  the 
shoulder  is  square  or  polygonal  in  section.  The  weapon  is  hela  in  both  hands  by 
the  handle  and  shoulder,  and  forms  a  very  efficient  chopping  implement. 

The  buko  is  similar  in  shape  to  the  latok,  but  is  a  much  slighter  weapon,  and 
the  handle  is  carved  in  deep  relief  with  a  phyllomorphic  pattern,  whereas  the 
handle  of  the  latok  is  not  ornamented  with  carving. 

'Ihepandat  is  the  war-parang  of  the  Land-Dyaks :  it  is  remarkable  in  having 
no  handle,  the  elongated  and  angled  shoulder  serving  the  purpose.  A  hole  passes 
through  the  middle  of  the  shoulder,  and  in  this  is  inserted  a  short  cross*  piece  of 
iron.  The  termination  of  the  blade  is  cut  with  a  V-shaped  notch,  forming  a 
re-entering  angle ;  occasionally  the  limbs  of  this  angle  are  produced  into  hooks  and 
projections.  The  sheath  is  decorated  with  tinfoil,  on  which  is  hammered 
geometrical  and  phyllomorphic  designs. 


WEDNESDAY,  SEPTEMBER  18. 
The  following  Papers  were  read : — 

I.  Personal  Identification :  A  Description  ofDr,  Alphonse  Bertillon's  Syste^n 

ef  Identifying  Fugitive  Offenders,  called  by  him  *Z«  Portrait  ParW 
By  William  M.  Douglas,  Superintendent  of  Police,  Glasgow, 

Identification  is  the  basis  of  all  police  work,  and  it  is  necessary  to  have  a 
system  or  systems  which  will  meet  the  twofold  purpose  of  individualising  persons 
at  large  as  well  as  persons  in  custody.  Dr.  Alphonse  Bertillon,  chief  of  the  «ludicial 
Identification  Service  in  Paris,  has  elaborated  a  system  which  is  divided  into 
three  parts,  viz.,  anthropometric  signalment,  descriptive  signalment,  and  signal- 
ment  by  peculiar  marks.  The  descriptive  signalment  is  the  one  by  which  a 
criminal  may  be  recognised  among  the  multitude  of  human  beings ;  the  anthropo- 
metric intervenes  to  establish  his  identity  and  reconstitute  his  previous  criminal 
history  if  he  is  a  recidivist ;  and  the  peculiar  marks  serve  to  place  beyond  doubt 
the  results  obtained  by  the  other  two.  The  groundwork  of  Bertillon's  descriptive 
system  is  the  selection  for  description  of  characteristics  which  have  the  most 
fixity  in  the  individual  and  the  most  variability  in  different  people,  and  the 
application  to  the  descriptive  terms  of  the  method  of  limits  of  approximation.  The 
descriptive  information  is  divided  into  three  sections :  I.  Ghromatic  characters ; 

II.  Morphological  characters,  having  special  headings  on  card ;  III.  Morphological 
characters  without  special  headings.  The  first  embraces  the  colour  of  the  eyes, 
shades  of  beard  and  hair  and  complexion ;  the  second,  the  forehead,  nose,  ear,  and 
build ;  and  the  third,  the  lips,  chin,  contour  of  head,  nature,  abundance,  and 
implantation  of  hair  and  beard,  eyebrows,  eyelids,  wrinkles,  neck,  attitude, 
genend  demeanour,  voice,  language,  clothing,  and  social  status.  For  the  purpose 
of  describing  peculiar  marks  the  body  is  divided  into  six  sections,  on  each  of 
which  there  are  datum  points  to  locate  the  marks,  the  nature,  form,  dimension, 
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and  direction  of  which  are  noted  in  addition  to  localisation.  The  praoticabiHty- 
of  the  system  for  police  purposes  has  been  tested  by  the  writer^  and  it  has  been 
demonstrated  that  men  of  ordinary  intolligenoe  can  master  its  apparent  intricacies 
and  apply  it  suocessfoUy. 

2.  Notes  on  t/ie  Proposed  Ethnographic  Survey  of  India,    By  W.  Cbookk. 


3.  fforn  and  Bone  Implementa  found  in  Ipswich. 
By  Miss  NiKA  F.  Latabd. 

These  implements  of  horn  and  bone  found  in  Ipswic^h  came  ftGtn  several  parts 
of  the  town,  and  from  various  depths. 

Among  the  cut  antlers  is  one  from  the  bed  of  the  river  Orwell,  which  resembles 
the  horn  picks  exhibited  in  the  Guildhall  Museimi. 

The  rest  of  the  examples  shown,  though  certainly  supgestive  of  a  pick,  are 
perhaps  too  awkward  for  this  use,  though  in  one  case  the  tip  has  been  sharpened. 

Ten  of  these  horns  (eight  of  them  cut)  were  foimd  lying  together  at  a  depth  of 
6  to  6  feet  in  one  of  the  main  streets  of  Ipswich.  Among  them  is  a  very  rude 
knife-handle. 

All  the  horns  already  mentioned  appear  to  be  of  much  more  recent  date  than 
four  others  which  were  found  in  gravel  at  a  depth  of  2*8  fbet,  of  which,  however, 
12  feet  were  of  made-up  earth. 

In  other  parts  of  the  same  excavations  numerous  Romano-British  relics  were 
discovered,  but  at  a  much  higher  level,  and  always  in  dark  earth. 

Other  implements  from  the  same  gravel  were  exhibited,  and  also  a  large  antler 
found  with  a  skeleton  beside  which  lay  a  portion  of  a  Saxon  comb.  These  were 
found  quite  separate  from  the  rest,  4  feet  below  the  surface  of  the  ground. 

A  pair  of  bone  skates,  found  in  College  Street,  Ipswich,  was  also  shown  below 
the  foundations  of  some  very  old  houses  that  were  being  pulled  down,  at  a  depth 
of  10  feet,  in  the  old  river  bed. 


4.  Hints  of  Evolution  in  Tradition.     By  David  MacKitchis. 

The  author  quotes  the  recent  discoveries  of  pithecoid  men  in  Central  Africa, 
and  infers  from  this  instance  that  similar  undeveloped  types  of  mankind  may  have 
survived  in  other  parts  of  the  world  until  comparatively  recent  times.  In  support 
of  this  view  he  quotes  the  Welsh  tale  of  Kilhwch  and  Olwetif  with  its  descriptions 
of  arboreal  |)rogre88ion  and  of  hairy  men.  The  'half  men'  of  the  same  tale  he 
compares  with  the  Scandinavian  '  half-trolls '  and  with  the  Halvermannekens  of 
Flemish  tradition.  Shakespeare's  conception  of  Caliban  he  regards  as  founded 
upon  similar  reminiscences,  while  the  medifleval  descriptions  of  'Ogres'  are 
largelv  based  upon  traditions  of  the  '  tJgrian '  Huns,  with  projecting  canines  and 
cannibal  propensities. 

Other  instances  of  simian  traits  preserved  In  popular  tradition  are : — (1)  The 
excessively  long  arms  attributed  to  the  Scandinavian  dwarfs  and  to  the  Picts  of 
the  Scottish  Border.  (2)  The  excessive  hairiness  of  the  '  satyrs '  of  classical  and 
Biblical  tradition,  and  of  the  Northern  *  brownies '  fe.^.,  in  Isaiah  xxxiv.  14  the 
Heb.  sagnir  =  LXX.  o-drvpos  =  Ynlg.fpilostis  =  A.V.  satyr  (in  Isa.  xiii.  21  the  Bishops' 
Bible  and  Rogers  have  at>e)  =fenadyree, '  brownie,'  in  the  Manx-Gaelic  version  of 
1819  ^fiadh-dhuinef '  wild  man,'  in  other  Gaelic  versions).  Compare  the  simian 
place-names  Affenberg,  Ajfenthal,  &c.  "^ 

the  African  nygmies  is  paralleled  by 
and  the  Gaelic  abhac,  and  by  the  descriptio 
people.'  (4)  The  infrahuman  stupidity  of  very  low  races ;  by  thst  of  the  Scottish 
♦brownie';  by  words  like  GaeL  amadan,  for  a  'channeling':  by  the  English 
oaf(^€lf,  Fr.  auffe),  and  the  Old  German  ikf'{>^eff),  defined  by  Grimm  as  'an 
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awkward,  silly  fellow,  one  whom  the  elves  have  been  at ' ;  and  by  the  Gothic  tumbOf 
*  giant  *  =  Lat.  stupidus, 

5,  MagiCy  Religion^  cmd  Science,     By  J.  S.  Stuabt  Glbnnie. 


On  Wednesday,  September  11,  the  Committee  resolved  that  the  following 
letter  of  congratulation  oe  addressed  to  Professor  Rudolf  Virchow  on  the  occasion 
of  his  eightieth  birthday : —  * 

BRITISH  ASSOCIATION  FOR  THE    ADVANCEMENT  OF  SCIENOB. 

The  Section  of  Anthropology  to  Professor  Rttdolp  Viechow. 

It  seldom  falls  to  the  lot  of  one  man  to  establish  a  position  as  you  have  done  as 
a  leader  in  two  great  branches  of  Science.  Throughout  the  world  you  are  generally 
recognised  as  the  founder  of  Modern  Pathology,  whilst  in  the  domain  of  Anthro- 
pology your  services  have  been  hardly  less  remarkable.  Wherever  anthropologists 
meet  together  your  name  is  mentioned  with  the  respect  and  reverence  that  are  due 
to  a  great  master. 

At  the  present  moment  the  British  Association  for  the  Advancement  of  Science 
is  holding  its  annual  meeting  in  Glasgow,  and  the  members  of  the  AnthropologicjJ 
Section,  aware  that  you  celebrate  your  eightieth  birthday  on  October  14,  desire  to 
convey  to  you  their  affectionate  greetings,  and  to  express  the  hope  that  you  may  bO 
spared  to  add  yet  further  to  the  indebtedness  which  they  owe  to  you  as  a  worker  in 
the  same  field. 

Signed  on  behalf  of  the  Committee  of  the  Anthropological  Section. 

D.  J.  Cunningham,  PteHdent. 
J.  L.  Mtbbb,  Reoorder. 

Glasgow,  September  11, 1901. 

*  The  Address  was  presented  by  Lord  Lister  to  Professor  Virchow  at  the  Celebra- 
tion which  was  held  in  Berlin  on  October  14. 
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Section  I.— PHYSIOLOGY  (including  Experimental  Pathology  and 
Experimental  Psychology). 

Pbesident  of  the  Section— Professor  John  G.  McKendrick,  M.D.,  LL.I).. 

F.R.S. 


THURSDAY,  SEPTEMBER  12. 

>  -The  President  delivered  the  following  Address : — 

When  the  British  Association  met  in  Glasgow  twentj-five  years  ago  I  had 
the  honour  of  presiding  over  Physiology,  which  was  then  only  a  sub-section  of 
Section  D.  The  progress  of  the  science  during  the  quarter  of  a  century  has  been 
such  as  to  entitle  it  to  the  dignity  of  a  Section  of  its  own,  and  I  feel  it  to  be  a 
great  honour  to  be  again  put  in  charge  of  the  subject.  While  twenty-five  years 
form  a  considerable  portion  of  the  life  of  a  man,  from  some  points  ot  view  tbev 
constitute  only  a  short  period  in  the  life  of  a  science.  But  just  as  the  growth 
of  an  organism  does  not  always  proceed  at  the  same  rate,  so  is  it  with  the  growth 
of  a  science.  There  are  times  when  the  application  of  new  methods  or  the  pro- 
mulgation of  a  new  theory  causes  rapid  development,  and  there  are  other  times 
when  progress  seems  to  be  slow.  But  even  in  these  quiet  periods  there  may  be 
steady  progress  in  the  accumulation  of  facts,  and  in  the  critical  survey  of  old 
questions  from  newer  points  of  view.  So  far  as  physiology  is  concerned,  the  last 
quarter  of  a  century  has  been  singularly  fruitful,  not  merely  in  the  gathering  in 
of  accurate  data  by  scientific  methods  of  research,  but  in  the  way  of  getting  a 
deeper  insight  into  many  of  the  problems  of  life.  Thus  our  knowledge  of  the 
phenomena  of  muscular  contraction,  of  the  changes  in  the  secreting  cell,  of  the 
mterdependence  of  organs  illustrated  by  what  we  now  speak  of  as  internal  secre- 
tion, of  the  events  that  occur  in  the  fecundated  ovum  and  in  the  actively  growing 
cell,  of  the  remarkable  processes  connected  with  the  activity  of  an  electriad 
organ,  and  of  the  physiological  anatomy  of  the  central  nervous  oigans,  is  very 
different  from  what  it  was  twenty-five  years  ago.  Our  knowledge  is  now  more 
accurate,  it  goes  deeper  into  the  subject,  and  it  has  more  of  the  character  of 
scientific  truth.  For  a  long  period  the  generalisations  of  physiology  were  so 
vague,  and  apparently  so  much  of  the  nature  of  more  or  less  happy  guesses,  that 
our  brethren  tne  physicists  and  chemists  scarcely  admitted  the  subject  into  the 
circle  of  the  sciences.  Even  now  we  are  sometimes  reproached  with  our  inability 
to  give  a  complete  solution  of  a  physiological  problem,  such  as,  for  example,  what 
happens  in  a  muscle  when  it  contracts;  and  not  long  ago  physiologists  were 
taunted  by  the  remark  that  the  average  duration  of  a  physiological  theory  was 
about  three  years.  But  this  view  of  the  matter  can  only  be  entertained  by  those 
who  know  very  little  about  the  science.  They  do  not  form  a  just  conception  of 
the  difficulties  that  surround  all  physiological  investigation,  difficulties  ur  tran- 
scending those  relating  to  research  in  dead  matter;  nor  do  th^  recollect  that 
many  of  the  more  common  phenomena  of  dead  matter  are  stiU  inadequately 
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explained.  What,  for  example,  is  the  real  nature  of  elasticity ;  what  occurs  m 
dissolving  a  little  sugar  or  common  salt  in  water ;  what  is  electricil  conductivity  P 
In  no  domain  of  science,  except  in  mathematics,  is  our  knowledge  absolute ;  and 
physiology  shares  with  the  other  sciences  the  possession  of  problems  that,  if  I 
may  use  a  paradox,  seem  to  be  more  insoluble  the  nearer  we  approach  their 
solution. 

The  body  of  one  of  the  higher  animals — say  that  of  man— is  a  highly  complex 
mechanism,  consisting  of  systems  of  organs,  of  individual  organs,  and  of  tissues. 
Physiologists  have  been  able  to  give  an  explanation  of  the  more  obvious  pheno- 
mena. Thus  locomotion,  the  circulation  of  the  blood,  respiration,  digestion,  the 
mechanism  of  the  senses,  and  the  general  phenomena  of  the  nervous  system  have 
all  been  investigated,  and  in  a  general  way  they  are  understood.  The  same  state- 
ment may  be  made  as  to  the  majority  of  individual  organs.  It  is  when  we  come 
to  the  phenomena  in  the  living  tissues  that  we  find  ourselves  in  difficulties.  The 
changes  happening  in  any  living  cell,  let  it  be  a  connective  tissue  corpuscle,  or  a 
secreting  cell,  or  a  nerve-cell,  are  still  imperfectly  understood  ;  and  yet  it  is  upon 
these  changes  that  the  phenomena  of  life  aepend.  This  has  led  the  more  thoughtful 
physiologists  in  recent  years  back  again  to  the  study  of  the  cell  and  of  the  simple 
tissues  that  are  formed  from  cells.  Further,  it  is  now  recognised  that  if  we  are  to 
give  an  adequate  explanation  of  the  phenomena  of  life,  we  should  study  these, 
not  in  the  body  of  one  of  the  lower  organisms,  as  was  at  one  time  the  fashion, 
where  there  is  little  if  any  differentiation  of  function — the  whole  body  of  an 
amceboid  organism  showing  capacities  for  locomotion,  respiration,  digestion  &c. — 
but  in  the  specialised  tissue  of  one  of  the  higher  animals.  Thus  the  muscle-cell 
is  specialised  for  contraction,  and  varieties  of  epithelium  have  highly  specialised 
functions. 

But  when  cells  are  examined  veith  the  highest  microscopic  powers,  and  with  the 
aid  of  the  highly  elaborated  methods  of  modem  histology,  we  do  not  seem  to  have 
advanced  very  far  towards  an  explanation  of  the  ultimate  phenomena.  Tliere 
is  the  same  feeling  in  the  mind  of  tne  physiologist  when  he  attacks  the  cell  from 
the  chemical  side.  By  using  large  numbers  of  cellular  elements,  or  by  the  more 
modern  and  fruitful  methods  of  micro-chemistry,  he  resolves  the  cell-substance 
into  proteids,  carbohydrates,  fats,  saline  matter,  and  water,  with  possibly  other 
substances  derived  from  the  chemical  changes  happening  in  the  cell  while  it  was 
alive ;  but  he  obtains  little  information  as  to  how  these  proximate  constituents,  as 
they  are  called,  are  built  up  into  the  living  substance  of  the  ceil.  But  if  we  con- 
sider the  matter  it  will  be  evident  that  the  phenomena  of  life  depend  on  changes 
occurring  in  the  interactions  of  particles  of  matter  far  too  small  even  to  be  seen  by 
the  microscope.  The  physicist  and  the  chemist  have  not  been  content  with  the 
investigation  of  large  masses  of  dead  matter,  but  to  explain  many  phenomena  they 
liave  had  recourse  to  the  conceptions  of  molecules  and  atoms  and  of  the  dynamical 
laws  that  regulate  their  movements.  Thus  the  conception  of  a  gas  as  consisting  of 
molecules  having  a  to-and-fro  motion,  first  advanced  by  Kromg  in  1856  and  by 
Clausius  in  1857,  has  enabled  physicists  to  explain  in  a  satisfactory  manner  the 
general  phenomena  of  gases,  such  as  pressure,  viscosity,  diffusion,  &c.  In  physio- 
logy few  attempts  have  been  made  in  this  direction,  probably  because  it  was  felt 
that  data  had  not  been  collected  in  sufficient  numbers  and  with  sufficient  accuracy 
to  warrant  any  hypothesis  of  the  molecular  structure  of  living  matter,  and 
physiologists  have  been  content  with  the  microscopic  and  chemical  examination  of 
cells,  of  protoplasm,  and  of  the  simpler  tissues  formed  from  cells.  An  exception  to 
this  general  remark  is  the  well-known  hypothesis  of  Du  Bois-Keymond  as  to  the 
existence  in  muscle  of  molecules  having  certain  electrical  properties,  by  which  he 
endeavoured  to  explain  the  more  obvious  electrical  phenomena  of  muscle  and 
nerve.  The  conception  of  gemmules  by  Darwin  and  of  biophors  by  Weismann 
are  examples  also  of  a  hypothetical  method  of  discussing  certam  vital  phenomena. 

Of  all  the  properties  of  living  matter  assimilation  must  no  doubt  be  regarded 
as  the  most  fundamentaL  On  it  depend  all  vital  phenomena.  Many  physiologists 
have  endeavoured  to  give  an  expuuiation  of  assimilation  by  comparing  it  with 
crystallisation.    But  the  two  processes  are  yery  different.    The  crystal  grows  by 
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the  addition  of  new  molecules  to  its  surface,  but  the  molecules  have  alreadj  been 
formed  in  the  solution  in  which  the  crystal  grows.  The  molecules  are  not  formed 
by  the  crystal ;  they  are  simply  added  to  it  by  a  physical  force.  But  assimilation 
is  a  different  phenomenon.  Like  a  crystal,  living  matter  grows  in  a  nutritive 
medium,  but  the  molecules  which  cause  the  growth  do  not  already  exist  in  the 
medium.  The  living  matter  does  not  increase  by  the  addition  of  molecules 
already  made,  but  by  the  creation  and  abeorntion  of  new  molecules.  Other 
physiologists  have  attempted  to  explain  asgimilation  by  osmotic  action.  But 
osmosis  is  a  purely  physical  phenomenon.  When  a  substance  traverses  an  oiganio 
membrane,  it  does  not  become  a  new  substance.  There  is  no  change  in  its  con- 
stitution. While  osmotic  action  must  undoubtedly  perform  an  important  r$le  in 
the  phenomena  of  assimilation,  as  we  see  it  in  all  growth,  it  cannot  fully  explain 
it.  But  if  assimilation  is  an  action  of  a  chemical  nature^  we  can  suppose  that  the 
molecules  of  the  living  matter  in  certain  conditions  split  up  and  then  act  on  the 
molecules  of  the  nutritive  medium,  detaching  atomic  groups  from  these  molecnlea 
and  combining  with  them  to  form  new  molecules  similar  to  those  of  the  original 
living  matter,  but  possibly  not  absolutely  alike. 

Physiologists,  however,  have  often  endeavoured  to  find  the  cause  of  asaimilatioii 
in  morphological  structure,  the  structure  of  the  living  substance  and  of  the  oelL 
But  when  we  inquire  into  its  nature  we  find  it  to  be  essentially,  one  might  almoat 
say  exclusively,  a  chemical  phenomenon,  and  a  chemical  phenomenon  cannot  be 
explained  by  morphological  structure.  A  chemical  phenomenon  d^^ends  on  the 
molecular  structure  and  affinities  of  the  atoms  of  matter  in  which  the  phenomenon 
occurs.     Assimilation  is  not  determined  by  the  physical  or  structural  character  of 

f protoplasm,  or  of  the  cell,  or  any  part  of  it,  but  on  the  chemical  constitution  of 
iving  matter,  that  is  to  say  upon  the  structure  of  its  molecules.  This  view  ci 
the  subject  has  led  some  thinkers,  and  notably  Ermano  Qiglio-Tos  of  Turin,  in  a 
remarkable  book  entitled  '  Les  Probl^mes  de  la  Vie,'  to  form  the  ocmception  of  a 
biomolecule,  or  living  molecule,  that  is  to  say  the  smallest  quantity  of  living 
matter  that  can  exhibit  some  of  the  chemical  phenomena  of  life,  such  as  reepiratory 
exchange,  the  function  of  chlorophyll,  the  starch-forming  function,  and  functions 
of  disassimilation  and  secretion. 

Living  matter,  when  examined  by  the  highest  powers,  presents  some  of  the 
characters  of  an  emulsion )  that  b  to  say,  it  is  composed  of  minute  particles  with 
fiuid  matter  between  them.  These  minute  particles,  built  xm  of  biomolecules, 
have  been  termed  bv  Tos  bionumes.  Biomones,  in  their  turn,  form  biomonada  or 
bioplasm^  or  molecular  or  granular  protoplasm,  and  this  again  forms  the  cell.  It 
may  be  said  that  these  terms  are  only  new  names  for  thii^  that  have  been  long 
recognised,  but  it  subserves  clear  thinking  to  decide  upon  common  terms  which  all 
may  use.  The  cell  theory  undoubtedly  has  served  its  day,  but  it  is  remarkabla 
that  as  cytology  progresses  the  physiological  importance  of  different  parts  of  the 
cell  seems  to  diminish,  and  it  is  necessary  to  give  to  the  constitution  of  living 
matter  a  much  wider  and  more  general  explanation.  The  conception  of  a  biomone, 
that  is  a  minute  particle,  showing  the  chemical  phenomena  of  life,  enables  one  to 
understand  how  vital  phenomena  may  be  manifested  without,  for  example,  the 
existence  of  a  nucleus.  The  granules  in  protoplasm,  or,  as  Tos  terms  them, 
biomonads,  are  built  up  of  biomones— and  one  can  conceive  that  the  little  colony  is 
svmbiotic ;  that  is  to  say  that  each  part  is  necessary,  and  each  part  co-operates  with 
tne  rest.  But  when  we  come  to  the  ultimate  analysis,  the  distinctive  character 
of  different  kinds  of  protoplasm,  or  cytoplasm,  or  archoplasm,  or  corpuscles — call 
the  material  by  any  name  the  most  convenient  and  expressive,  depends  on  the 
chemical  nature  of  the  substance. 

These  remarks  are  all  in  the  direction  of  showing  that  as  research  progresses, 
and  as  we  get  a  deeper  insight,  we  find  that  the  phenomena  of  life  are  never  found 
in  structureless  matter.  It  may  appear  to  be  morphologically  stmotareleeB,  even 
to  the  highest  powers,  but  in  a  molecular  sense  it  is  structural.  The  progress  of 
histology  also  points  in  the  same  direction.  How  often,  in  former  yean,  were 
we  in  the  habit  of  describing  appearances  in  tissues  as  structureless  or  *  finely 
molecular,'  which  we  now  know,  oy  better  metJiods  shows  numerous  details  A 
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struotufe  I  Think  of  all  the  phenomena  of  karyokinesif ,  of  the  changes  in  the 
chromatin  that  have  been  obaorved  in  cells,  of  the  fibrous  structure  of  the  so-called 
grey  matter  of  the  nerve  centres,  of  the  complicated  appearances  seen  in  nerve 
cells,  and  indeed  in  almost  aU  cells.  Then  progress  has  beion  made  in  the  investiga- 
tion of  the  chemical  constitutbn  of  cells.  The  new  school  of  what  one  may  call  the 
micro-chemists — ^and  I  need  only  mention  the  name  of  Dr.Maccallum,  of  Toronto, 
as  an  example  of  a  worker  in  this  difficult  department  of  science — seems  to  me  to 
be  worthy  of  the  attention  of  all  the  youn^r  physiologists.  I  have  a  strong 
belief  that  a  oaireful  inyestigation  of  the  chemical  constitution  of  cells  and  of  living 
matter,  conducted  by  micro-chemical  methods,  would  be  of  great  yalue,  and  might 
throw  some  liffht,  not  only  on  the  nature  of  living  matter,  but  on  the  pathological 
changes  in  cells  on  whiqh  disease  depends.  Morphological  examination  seems  to 
have  been  carried  nearly  as  far  as  it  can  go;  and  here  I  would  mention 
the  morphological  examination  of  malignant  tumours,  a|id  what  is  now  needed  is 
the  detection  of  those  subtle  chemical  changes  that  lie  far  beyond  the  province  of 
the  microscope. 

The  conception,  however,  of  the  existence  in  living  matter  of  molecules  has  not 
escaped  some  astute  physicists.  The  subject  is  diseased  with  his  usual  suggestive- 
ness  Dy  Clerk  Maxwell  in  the  article  Atom  In  the '  Encyclopaedia  Britannica '  in  the 
volume  published  in  1876,  and  he  places  before  the  physiologist  a  curious  dilemma. 
After  referring  to  estimates  of  the  diameter  of  a  molecule  made  by  Loschmidc  in 
1866,  by  Stoney  in  1868,  and  by  Lord  Kelvin  (then  Sir  W.  Thomson)  in  1870, 
Clerk  Maxwell  writes : — 

'  The  diameter  and  the  mass  of  a  molecule,  as  estimated  by  these  methods,  are, 
of  course,  very  small,  but  by  no  means  infinitely  so.  About  two  millions  of 
molecules  of  hydrogen  in  a  row  would  occupy  a  millimetre,  and  about  two 
hundred  million  mulion  million  of  them  would  weigh  a  milligramme.  These 
numbers  must  be  considered  as  exceedingly  rough  guesses ;  they  must  be  corrected 
by  more  extensive  and  accurate  experiments  as  science  advances ;  but  the  main 
result,  which  appears  to  be  well  established,  is  that  the  determination  of  the  mass 
of  a  molecule  is  a  legitimate  object  of  scientific  research,  and  that  this  mass  is  by 
no  means  immeasurably  small. 

'  Loschmidt  illustrates  these  molecular  measurements  by  a  comparison  with  the 
smallest  magnitudes  visible  by  means  of  a  microscope.  Nobert,  ne  tells  us,  can 
draw  4,000  lines  in  the  breadth  of  a  millimetre.  The  intervals  between  these  lines 
can  be  observed  with  a  good  microscope.  A  cube,  whose  side  is  the  4,000th  of  a 
millimetre,  may  be  taken  as  the  minimum  visible  for  observers  of  the  present  day. 
Such  a  cube  would  contain  from  60  to  100  million  molecules  of  oxygen  or  of  nitro- 
gen ;  but  since  the  molecules  of  organised  substances  contain  on  an  average  a)}out 
fifty  of  the  more  elementary  atoms,  we  may  assume  that  the  smallest  organised 
particle  visible  under  the  microscope  contains  about  two  million  molecules  of 
organic  matter.  At  least  half  of  every  living  organism  consists  of  water,  so  that 
the  smallest  living  b^ng  visible  under  the  microscope  does  not  contain  more  than 
about  a  million  organic  molecules.  Some  exceedingly  simple  organism  may  be 
supposed  built  up  of  not  more  than  a  million  similar  molecules.  It  is  impossible, 
however,  to  conceive  so  small  a  number  sufficient  to  form  a  being  furnished  with  a 
whole  system  of  specialised  organs. 

'  Thus  molecular  science  sets  us  face  to  face  with  physiological  theories.  It 
forbids  the  physiolo^st  from  imagining  that  structural  details  of  infinitely  small 
dimensions  can  furnish  an  explanation  of  the  infinite  variety  which  exists  in  the 
properties  and  functions  of  the  most  minute  organisms. 

'  A  microscopic  germ  is,  we  know,  capable  of  development  into  a  highly  organised 
animal.  Another  germ,  eaually  microscopic,  becomes  when  developed  an  animal  of 
a  totally  different  kind.  Do  all  the  differences,  infinite  in  number,  which  distin- 
guish the  one  animal  from  the  other  arise  each  from  some  difierence  in  the  structure 
of  the  respective  germs  P  Even  if  we  admit  this  as  possible,  we  shall  be  called  upon 
by  the  advocates  of  pangenesis  to  admit  still  greater  marvels.  For  the  micro- 
scopic germ,  according  to  this  theory,  is  no  mere  individual  but  a  representative 
body,  containing  menU)er8  collected  from  every  rank  of  the  long-drawn  ramificaticn 
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of  the  ancestral  tree,  the  number  of  these  members  hang  amplir  solSeient  not 
onlj  to  furnish  the  hereditary  characteristics  of  every  organ  of  the  bodr  uid  eTerr 
habit  of  the  animal  from  iMrth  to  death,  but  also  to  afibrd  a  stock  of  latent 
gemmules  to  be  passed  on  in  an  inactive  state  from  germ  to  germ,  till  at  last  tbe 
ancestral  peculiarity  which  it  represents  is  reviyed  in  some  remote  descendant. 

*  Some  of  the  exponents  of  this  theory  of  heredity  have  attempted  to  elude  the 
difficulty  of  placing  a  whole  world  of  wonders  within  a  body  so  small  and  so 
devoid  of  visible  structure  as  a  germ  by  using  the  phrase  structureless  germs. 
Now  one  material  system  can  diner  from  another  only  in  the  configuration  and 
motion  which  it  has  at  a  given  instant.  To  explain  differences  of  function  and 
development  of  a  germ  without  assuming  differences  of  structure  is,  therefore,  to 
admit  that  the  properties  of  a  germ  are  not  those  of  a  purely  material  system.' 

The  dilemma  thus  put  by  Clerk  Maxwell  is  ^first)  that  the  fferm  cannot  be 
structurelessi  otherwise  it  could  not  develop  mto  a  future  being,  with  its 
thousands  of  characteristics;  or  (second)  if  it  is  structural  it  is  too  small  to 
contain  a  sufficient  number  of  molecules  to  account  for  all  the  characteristics  that 
are  transmitted.  A  third  idtemative  might  be  sug^gested,  namely,  that  the  germ 
is  not  a  purely  material  system,  an  alternative  that  is  tantamount  to  abandoning 
all  attempts  to  solve  the  problem  by  the  methods  of  science. 

It  is  mteresting  to  inquire  how  far  the  argument  of  Clerk  Maxwell  holds  good 
in  the  light  of  the  knowled^  we  now  possess,  first,  as  regards  the  mininutm 
visible.  The  smallest  particle  of  matter  that  can  now  be  seen  with  the 
powerful  objectives  and  compensating  eyepieces  of  ^he  present  day  is  between 
t^6  ¥Zj0\yuT7  wid  the  ^jrAruir  of  an  inch,  or  ^pJinr  of  a  millimetre  in  diameter, 
that  is  to  say,  five  times  smaller  than  the  estimate  of  Helmholtz  of  ^^^  of  a 
millimetre.  The  diffraction  of  light  in  the  microscope  forbids  the  possibility  of 
seeing  still  smaller  objects,  and  when  we  are  informed  by  the  physicists  that  the 
thiclmeds  of  an  atom  or  molecule  of  the  substances  investigatea  is  not  much  less 
than  a  miUionth  of  a  millimetre,  we  see  how  far  short  the  limits  of  visibility 
fall  of  the  ultimate  structure  of  matter. 

Suppose,  then,  we  can  see  with  the  highest  powers  of  the  microscope  a 
minute  jparticle  having  a  diameter  of  i^iriTRr  of  a  millimetre,  it  is  po^ble 
to  conceive  that  some  of  the  phenomena  of  vitality  may  be  exhibited  by  a 
body  even  of  such  small  dimensions.  Some  of  the  objects  now  studied  by  the 
bacteriologist  are  probably  of  this  minute  size,  and  it  is  possible  that  some  may 
be  so  small  that  they  can  never  be  seen.  It  has  been  observed  that  certain 
fluids  derived  from  the  culture  of  micro-organisms  may  be  filtered  through  special 
filters,  so  that  no  particles  are  seen  with  the  highest  powers,  and  yet  those  fluids 
have  properties  that  cannot  be  explained  by  supposing  that  they  contain  toxic 
substances  in  solution,  but  rather  by  the  assumption  that  they  contain  a  greater 
or  less  number  of  organic  particles  so  small  as  to  be  microscopically  invisible.^ 

■  The  evidence  upon  this  point  is  derived  from  pathological  sources.  I  am 
indebted  to  my  friend  Dr.  James  Ritchie,  of  the  Pathological  Institute  of  Oxford, 
for  the  following  notes : 

ybtes  on  OrganUmM  too  small  to  ho  seen  hy  the  Microscope. 

The  filters  used  in  the  work  performed  in  the  investi^tion  of  such  organisms  are 
of  several  kinds  and  patterns.  They  are  tubes  or  solid  cylinders  made  of  either 
(a)  kieselguhr  as  in  the  Berkefeld  filter,  or  (V)  of  unglazed  porcelain  as  in  the 
Chamberland  and  Eitasato  filters.  They  are  of  varying  degrees  of  porosity  accord- 
ing to  the  fineness  of  the  material  used.  The  most  porous,  ue.,  those  which  will 
let  through  the  largest  particles,  are  the  Berkefeld ;  next  comes  the  Chamberiand 
'  F  *  pattern ;  next  the  Chamberland  *  B '  pattern  and  the  Eitasato  tubes.  All  such 
filters  are  used  either  by  forcing  the  liquid  through  by  pressure  or  by  inserting 
them  into  a  filter  fiask  which  can  be  exhausted.  The  finer  kinds  will  keep  back  all 
known  bacteria.  Further,  as  showing  their  mode  of  action,  the  finer  kinds  will  not 
allow  all  the  constituents  of  such  a  fiuid  as  blood  serum  to  pass  through :  a  certain 
amount  of  albumen  is  kept  back.    The  three  diseases  which  have  been  investigated 
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The  evidence  is  briefly  as  follows:  micro-organisms  produce  chemical  sub- 
stances or  toxines  which  have  certain  physiological  e£fect8 ;  these  toxines  cannot 
increase  without  the  presence  of  micro-organisms ;  if,  then,  the  micro-organisms 

in  which  there  appears  to  be  evidence  of  the  presence  of  organisms  too  small  to  be 
seen  by  the  microscope  are  foot-and-mouth  disease,  the  contagious  pleuro-pneumonia 
of  cattle,  and  South  A&ioan  horse-sickness. 

(1)  Foot^nd-mouth  Disease. — Loefl9er  and  Frosch '  have  shown  that  the  lymph 
from  the  vesicles  in  the  mouth  of  an  infected  animal  if  filtered  through  a  Berkefeld 
filter  still  in  a  dose  of  ^  c.c.  killed  a  calf  in  the  same  time  as  the  unfiltered  lymph. 
This  experiment  was  controlled  as  to  the  impermeability  of  the  filter  by  infecting 
the  lymph  before  filtration  by  a  culture  of  a  very  minute  bacterium  which  did  not 
pass  through  the  filter.  The  highest  microscopic  power  failed  to  detect  anything  in 
the  filtrate.  They  found,  however,  that  if  the  lymph  were  mixed  with  a  fluid  more 
ridi  in  albumen  than  the  lymph  itself,  then  the  filtrate  lost  its  infeotiveness. 

(2)  Pleuro-pneumonia, — Nocard  *  found  that  the  pleural  effusion  mixed  with  water 
if  filtered  through  a  Berkefeld  or  a  Chamberland  '  F '  was  still  infective,  but  in  such 
watery  fluids  it  was  arrested  by  the  Chamberland  *  B '  and  by  the  Eitasato.  He 
further  found  that  there  were  in  the  infective  filtrate  refractile  particles,  which, 
however,  could  not  be  resolved  by  a  magnification  of  2,000  diameters,  but  which  he 
considered  might  be  the  infective  agents. 

(3)  Ebrse'Siokness.—UcFaidyeaji*  found  that  the  diluted  blood  of  an  infected 
horse  could  pass  through  a  Berkefeld  and  through  a  Chamberland  *  F '  and  still  re- 
main infective ;  and,  further,  that  if  the  blood  of  a  horse  which  had  died  from  this 
infection  were  filtered  through  a  Chamberland  *  B  *  it  was  still  infective  and  killed  a 
horse  in  the  same  time  as  the  original  filtrate.  Again  microscopically  nothing  could 
be  seen,  and  again  the  efficacy  of  the  filters  was  controlled  by  mixing  the  blood  to 
be  tested  with  putrefactive  organisms  which  the  filter  kept  back  as  usual.    Nocard  * 

.  in  one  case  says  that  blood  can  be  freed  of  this  infection  by  filtration,  but 
McFadyean's  experiments  are  very  numerous  and  so  carefully  done  that  this  one 
negative  instance  may  be  explained  by  want  of  susceptibility  in  the  animal  used. 

Of  course  the  great  difficulty  is  to  be  sure  that  the  filters  were  efficient  and  had 
no  cracks,  which  such  filters  are  very  apt  to  have,  but  the  work  has  been  so  carefully 
controlled  that  this  source  of  error  may  be  excluded.  The  remaining  source  of  ob- 
jection is  that  the  pathogenic  agent  might  not  be  a  bacterium  but  its  toxine.  The 
most  important  experiments  here  are  those  of  McFadyean,  who  filtered  tbe  blood  of 
horses  infected  with  filtered  blood  and  found  it  still  infective ;  and  also  those  of 
Loeffler,  who  goes  carefully  into  this  question  and  finds  that  such  an  explanation  is 
not  feasible.  The  formation  of  fresh  toxine  within  an  antmaVs  body,  apart  from  the 
actual  presence  of  the  bacteria  which  ordinarily  form  it,  is  unknown,  and  McFadyean*s 
work — where  with  the  second  horse's  blood  the  period  of  fatal  illness  was  practically 
the  same  as  with  similar  quantities  of  the  filtrate  from  the  first  horse~I  think, 
clinches  the  matter. 

Excerpt  from  a  Letter  from  Dr.  Ritchie. 

The  only  objection  to  the  validity  of  the  experiments  I  think  is  that  it  might  be 
a  toxine  that  passes  through.  I  briefly  stated  [in  above  notes]  an  answer  to  this 
objection,  namdy,  McFadyean's  work,  when  he  inoculated  a  second  horse  from  the 
filtered  blood  of  a  horse  that  had  itself  been  infected  with  filtered  blood.  Now  it 
might  be  urged  even  against  this  experiment  that  such  a  large  quantity  of  poison 
had  been  injected  into  the  first  horse  that  even  when  it  had  been  diluted  by  all  the 
body  fiuids  of  that  horse,  and  had  been  diminished  by  excretion  for  the  eight  or  ten 
days  of  the  first  horse's  life,  there  still  remained  a  large  quantity,  and  it  was  part  of 
this  that  killed  the  second  horse.  Now  if  this  were  the  case,  there  evidently  must 
have  been  much  less  given  to  tbe  second  horse  than  to  the  first ;  and  if  this  were  so.  the 
duration  of  the  fatal  illness  in  the  second  horse  would  have  been  much  longer.  Now 
this  latter  did  not  occur.  They  both  cUed  in  about  the  same  time.  In  fact  so  different 
were  the  doses  given  in  McFadyean's  different  experiments  that  if  it  were  a  toxine 

»  CentrdlhlaUf.Bakter.,:am.Zn, 

'  DiUletin  de  la  Sooicte  Centrale  de  Med.  VHcrinaire  (N.S.),  xvii.  441. 

'  Jflum.  CmnparaHve  Path.,  xiii.  1 ;  xiv.  103. 

*  Beoueil  de  Mid,  VHerinaire,  ser.  viii.,  tome  viii.  37. 
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are  removed  by  filtration^  and  if  the  toxine  solation  is  very  much  diluted,  the 
solution  when  injected  into  a  living  animal  should  produce  a  weaker  effect  than 
when  the  unfiltered  fluid  is  introduced.  This,  however,  is  not  the  case.  The 
filtered  fluid,  in  which  no  micro-organisms  can  be  seen  with  the  highest  powers, 
after  some  time,  acts  as  virulently  and  rapidly  as  an  unfiltered  fluid,  and  the  infer- 
ence is  justifiable  that  invisible  micro-organisms  are  still  present,  as  without  these 
it  is  dimcult  to  account  for  the  persbtence  of  virulence.  I  am  of  opinion,  there- 
fore, that  it  is  quite  justifiable  to  assume  that  vitality  may  be  associated  with 
such  small  particles,  and  that  we  have  by  no  means  i-eached  what  may  be  called 
the  vital  umt  when  we  ei^amine  either  the  most  minute  cell  or  even  the  smallest 
particle  of  protoplasm  that  can  be  seen.  This  supposition  may  ultimately  be 
oi  service  in  the  framing  of  a  tJieory  of  vital  action. 

Weismann  in  his  ingenious  speculations  has  imagined  such  a  vital  unit  to 
which  he  gives  the  name  of  a  biophor,  and  he  has  even  attempted  numerical  esti* 
mates,  il&fore  givbg  his  figures  let  us  look  at  the  matter  in  another  way.  Take 
the  average  diameter  cf  a  molecule  as  the  millionth  of  a  millimetre,  and  the 
smallest  particle  visible  as  the  77^^7x1^  ^^  &  millimetre.  Imagine  this  small 
particle  to  be  in  the  form  of  a  cube.  Then  there  would  be  in  the  side  of  the  cube, 
m  a  row,  fifty  such  molecules,  or  in  the  cube  50  x  60  x  60  =  126,000  molecules. 
But  a  molecule  of  organised  matter  contains  about  fifty  elementary  atoms.  So 
that  the  126,000  molecules  hi  groups  of  about  fifty  would  number  ^^4*^  =  2,500 
organic  particles.  Suppose,  as  was  done  by  Clerk  Maxwell,  one  half  to  be  water ; 
there  would  remain  1,260  organk)  particles.  The  smallest  particle  that  can  be 
seen  by  the  microscope  may  thus  contain  as  many  as  1,260  molecules  of  such  a 
substance  as  a  proteid. 

Weibmann's  estimates  as  to  the  dimensions  of  the  vital  unit  to  which  he  gives 
the  name  of  biophor  may  be  shortly  stated.  He  takes  the  diameter  of  a  molecule 
*t  jijnfhivc  of*  millimetre  (instead  of  the  one  millionth)  and  he  assumes  that  the 
biophor  contains  1,000  molecules.  Suppose  the  biophor  to  be  cubical,  it  would 
contain  ten  in  a  row,  or  10  x  10  x  10  =  1,000.  Then  the  diameter  of  the  biophor 
would  be  the  sum  of  ten  molecules,  or  j^nyirnny  ^l^*=5TnjyW  or  goAop  of  a 
millimetre.  Two  hundred  biophors  would  therefore  measure  g(ftftft>Q  or  j^t^  nun. 
or  1  ft  (micron  =  ^ih-a  mm-)-  Thus  a  cube  one  side  of  which  was  1  fi  would 
contain  200x200x200  =  8,000,000  biophors.  A  human  red  Wood  corpuscle 
measures  about  7'7  fi;  suppose  it  to  be  cubed,  it  would  contain  as  many  as 
3,662,264,000  biophors.  It  the  biophor  had  a  diameter  of  looAooo  "*!»•  ^® 
number  would  be  much  smaller. 

Now  if  the  smallest  particle  that  can  be  seen  Cvvirnr  Q^m*)  may  contain  1,250 
molecules,  let  us  consider  how  many  exist  'n\  a  biophor,  which  we  may  imagine  as 
a  little  cube,  each  side  of  which  is  jxFiftyTnr  ^^'  There  would  then  be  five  in  a 
row  of  such  molecules,  or  in  the  cube  6x5x6al26  molecules ;  and  if  the  half 
consisted  of  water  about  sixty  molecules. 

Let  us  apply  these  figures  to  the  minute  particles  of  matter  connected  with  the 
hereditary  transmission  of  qualities.  The  diameter  of  the  germinal  vesicle  of  the 
ovum  is  ^  of  A  millimetre.  Imagine  this  a  little  cube.  Taking  the  diameter  of 
an  atom  at  YOTiivvu  of  a  millimetre,  and  assuming  that  about  fiifty  exist  in  each 
organic  molecule  (proteid,  &c.),  the  cube  would  contain  at  least  26,000,000,000,000 
organic  molecules.  A^ain,  the  head  of  the  spermatozoid,  which  is  all  that  is 
needed  for  the  fecundation  of  an  ovum,  has  a  diameter  of  about  i^^  mm.  Xmsinne 
it  to  be  cubed ;  it  would  then  contain  26,000,000,000  organic  molecules.  When 
the  two  are  fused  together,  as  in  fecundation,  the  ovum  starts  on  its  life  with  over 
25,000,000,000,000  organic  molecules.  If  we  assume  that  one  half  consisU  of  water, 
then  we  may  say  that  the  fecundated  ovum  may  contain  as  many  as  about 

that  he  was  using  the  periods  of  fatal  illness  ought  to  have  varied,  which  they  did 
not  do  very  much.  Taking  everything  into  account,  while  infection  by  a  toxine 
cannot  be  absolutely  excluded,  still  in  the  oases  of  foot-and-mouth  disease  and  horse- 
sickness  the  experiments  I  think  strongly  indicate  that  it  is  actually  some  form  of 
life  which  passes  through  the  filter. 
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12,000,000)000,000  organic  moleoales.  The  org^anio  molecules  we  are  oonsideriiig 
are  suoh  as  build  up  living  matter,  namely,  proteids,  faU,  carbohydrates,  saline 
substances,  and  water.  There  is,  however,  no  satisfactory  evidence  that  they  exist 
as  such  in  living  matter,  and  it  may  be  that  they  are  formed  when  living  matter 
dies.  Thus  the  molecule  of  living  matter  may  be  a  much  more  complicated 
molecule  than  even  that  of  such  a  complex  proteid  as  hcemoglobin,  so  that  it  may 
contain  10,000  atoms.  But  even  if  this  were  the  case  the  fecundated  ovum  might 
yet  contain  1,200,000,000  of  such  complex  molecules.  Clerk  Maxwell's  argument 
that  there  were  too  few  organic  molecules  in  an  ovum  to  account  for  the  transmission 
of  hereditary  peculiarities  does  not  apparently  hold  good.  Instead  of  the  number 
of  organic  molecules  in  the  germinal  vesicle  of  an  ovum  numbering  something  like 
a  million,  the  fecundated  ovum  probably  contains  millions  of  millions.  Thus  the 
imagination  can  conceive  of  complicated  arrangements  of  these  molecules  suitable  for 
the  development  of  all  the  parts  of  a  highly  complicated  organism,  and  a  sufficient 
number,  in  my  opinion,  to  satisfy  all  the  demands  of  a  theory  of  heredity.  Such  a 
thing  as  a  structureless  germ  cannot  exist.  Each  germ  must  contain  peculiarities 
of  structure  sufficient  to  account  for  the  evolution  of  the  new  being,  and  the  germ 
must  therefore  be  considered  as  a  material  system. 

Further,  the  conception  of  the  physicist  is  that  molecules  are  more  or  less  in  a 
state  of  movement,  and  the  most  advanced  thinkers  are  striving  towards  a  kinetic 
theory  of  molecules  and  of  atoms  of  solid  matter  which  will  be  as  fruitful  as  the 
kinetic  theory  of  gases.  The  ultimate  elements  of  bodies  are  not  freely  movable 
each  by  itself ;  the  elements  are  bound  together  by  mutual  forces,  so  that  atoms 
are  combined  to  form  molecules.  Thus  there  may  he  two  kinds  of  motion,  atomic 
and  molecular.  By  molecular  motion  is  meant  '  the  translatory  motion  of  the 
centroid  of  the  atoms  that  form  the  molecule,  whil^  as  atomic  motion  we  count  all 
the  motions  which  the  atoms  can  individually  execute  without  breaking  up  the 
molecule.  Atomic  motion  includes,  therefore,  not  only  the  oscillations  that  take 
place  within  the  molecule,  but  also  the  rotation  of  the  atoms  about  the  centroid  of 
the  molecule.'  ^ 

Thus  it  is  conceivable  that  certam  vital  activities  may  be  determined  by  the 
motion  that  takes  place  in  the  molecules  of  what  we  speak  of  as  living  matter. 
It  may  be  different  from  some  of  the  motions  known  to  physicists,  and  it  is  con- 
ceivable that  in  the  state  we  call  living  there  may  be  the  transmission  to  dead 
matter,  the  molecules  of  which  have  already  a  kind  of  motion,  of  a  form  of 
motion  mi  generh.  The  imagination  fails  to  follow  the  possible  movements  of 
molecules  in  a  particle  of  living  protoplasm.  We  cannot  grasp  the  wondrous 
spectacle  of  the  starry  heavens  with  its  myriads  of  orbs  all  in  motmUy  each  motion 
being  rigorously  determined.  But  if  we  could  see  into  the  structure  of  living 
matter,  we  would  find  another  universe  of  molecules  in  movement,  and  here  again 
we  would  also  find  the  rigor  of  law.  On  the  character  and  complexity  of  these 
movements  will  depend  the  physical  and  chemical  phenomena  manifested  by  this 
living  matter.  The  chemical  irritability  of  living  matter  which  is  perhaps  ope 
of  its  most  remarkable  characteristics,  the  rapid  series  of  chemical  exchanges 
^ing  on  between  ite  own  parte  and  between  iteelf  and  the  matter  surrounding 
It,  the  changes  in  surface  tension,  in  elasticity,  and  the  changes  in  electnoal 
condition,  are  all  in  some  way  associated  with  the  movements  of  the  molecules  of 
which  it  is  constructed.  It  will  only  be  when  we  have  grasped  the  significance  of 
these  molecular  movemente  that  we  will  be  able  to  give  a  rational  explanation  of 
the  ultimate  phenomena  of  the  living  stete.  Just  as  the  physicists  of  to-day  are 
striving  towaids  a  d3rnamical  conception  of  the  phenomena  of  dead  matter,  so  I 
believe  the  physiologiste  of  to-morrow  (a  far  off  to-morrow)  will  be  striving 
towards  a  dynamical  conception  of  life  founded  on  a  molecular  physiology. 

I  offer  these  remarks  with  much  diffidence,  and  I  am  well  aware  that  much 
that  I  have  said  may  be  regarded  as  purely  speculative,  They  may,  however, 
stimulate  thought,  and  if  they  do  so  they  will  have  served  ft  gopd  purpose.  Meyer 
writes  as  follows  in  the  introduction  to  his  great  work  on  *  The  Kinetic  Theory  of 

'  Meyer,  X^metU  Tkmfry  rf  ffmes.    Translated  by  Baynes,  London,  1899,  p.  6. 
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Gases/  p.  4 : — *  It  would,  however,  be  a  considerable  restriction  of  inyeetigation 
to  follow  out  only  those  laws  of  nature  which  have  a  general  apjplication  and  are 
free  from  hypothesis ;  for  mathematical  physics  has  won  most  of  its  succesaee  in 
the  opposite  way,  namely,  by  starting  from  an  unproved  and  unprovable^  but 
probaofe,  hypothesis,  analytically  following  out  its  consequences  in  every  directioii, 
and  determining  its  value  by  comparison  of  these  conclusions  with  the  result  of 
experiment/ 

The  following  Papers  were  read  : — 

I,  On  the  Use  of  the  Telephone /or  investigating  the  Rhythmic  Phenomena 
in  Muscle.    By  Sir  John  Bubdon  Sakdbbson,  Bart.,  F.B.S. 


2.  An  Experiment  on  tlie  *  Motor '  Cortex  of  the  Monkey, 
By  Professor  C.  S.  Sherrington,  F.R.S, 


3.  Arsenical  Pigmentation,     By  Professor  J.  A.  Wanklyn,  M.R,C.S. 

The  publication  of  Hansen's  splendid  researches  on  *  A  New  Series  of  Organic 
Compounds  containing  Nitrogen  as  a  Constituent '  was  prefaced  by  a  very 
remarkable  pronoimcement  in  'Poggendorff's  Annalen'  in  the  year  1837.  The 
curious  liquid  known  as  Cadet's  fuming  liquor,  and  discovered  in  1760,  had  for 
many  years  been  mentioned  in  the  then  current  chemical  literature,  and  in 
accordance  with  the  views  then  prevalent  among  chemists  was  looked  upon  as  a 
compound  of  acetic  acid  with  arsenic.  Bunseirs  researches  had  completely  s^ 
aside  that  view  of  the  constitution  of  the  liquid,  and  in  bringing  his  results  before 
the  chemical  world  Bunsen  announced  that  the  compounds  of  arsenic  resembled 
the  compounds  of  nitrogen  rather  than  the  compounds  of  the  coounon  metals. 
Carbon,  hydrogen,  oxygen,  and  nitrogen  had  been  called  the  organic  elements. 
Bunsen  hinted  that  arsenic  belonged  to  the  organic  elements,  and  maintained 
that  oxide  of  kakodyl  (which  exists  in  Cadet's  fuming  liquor)  and  kakodylic 
acid  (which  is  obtained  by  oxidising  Cadet's  fuming  liquor)  are  organic  com- 
pounds in  which  arsenic  has  been  sul^tituted  for  nitrogen. 

The  utmost  diversity  prevails  among  organic  compounds  containing  nitrogen : 
some  are  virulently  poisonous  and  others  are  harmless ;  some  are  colourless  and 
others  are  dye-stuns ;  and  a  like  diversity  is  found  in  the  compounds  of  arsenic 

On  the  present  occasion  I  wish  to  call  attention  to  an  organic  arsenical  com- 
pound, which  is  a  red  pigment  discovered  by  Bunsen  about  sixty  years  ago,  and 
named '  Erytrarsin.'  According  to  Bunsen's  analysis,  its  composition  ia  expressed 
in  the  formula  C^Hi^ASgOa. 

It  is  described  by  Bunsen  as  being  very  difficult  to  obtain,  being  one  of  the 
oxidation  products  of  kakodyl ;  but  the  conditions  under  which  it  is  produced  are 
so  little  understood  that  from  100  grammes  of  oxide  of  loikodyl  the  yield  of 
erytrarsin  was  only  half  a  gramme.  Apparently,  however,  it  would  seem  that 
traces  of  it  are  frequently,  and  perhaps  always,  formed  during  the  preparation  of 
kakodyl. 

In  a  recent  preparation  of  kakodyl  in  an  unusual  manner  in  my  laboratory  I 
have  obtained  it,  and  if  I  am  not  deceived  the  yield  is  not  quite  so  small  aa  when 
kakodyl  is  produced  in  the  usual  way.  The  soUd  hydride  of  arsenic  is  said  to  be 
a  pink  solia.  Arsenical  films,  as  is  well  known,  vary  greatly  in  tints :  they  may 
be  black  or  various  shades  of  brown,  and  even  yellow.  Under  certain  circum- 
stances it  would  seem  that  arsenic  enters  into  combination  with  a^bon  and  forms 
a  black  substance.  There  is  also  the  well-known  yellow  sulphuret.  In  fine, 
arsenic  and  its  compounds  afford  abundant  scope  for  great  variety  of  coloration 
in  cases  of  arsenical  pigmentation. 

Kakodyl  (which  is  a  compound  of  carbon,  hydrogen,  and  arsenic)  is  a  liquid 
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which  possessed  the  property  of  being  spontaneously  inflammable.  At  the  time 
of  its  discovery  in  1837  kakodyl  afforded  the  only  known  example  of  a  liquid 
which  at  once  burst  into  flame  on  exposure  to  the  air.  The  gas  phosphoretted 
hydrogen  (which  takes  fire  spontaneously)  was  known  to  chemists,  and  the  solid 
phosphorus  was  also  known.  Since  the  discovery  of  kakodyl  a  crowd  of  spon- 
taneously inflammable  substances  have  come  to  light.  Twelve  years  later  on — 
1848-1849 — the  singular  substances  zinc  methyl  and  zinc  ethyl  were  discovered 
in  Bunsen's  laboratory  by  the  late  Sir  Edward  Frankland ;  and  after  another  ten 
years  (also  in  Bunsens  laboratory)  Wanklyn  added  to  the  list  potassium  ethyl, 
sodium  ethyl,  lithium  ethyl,  calcium  ethyl,  and  strontium  ethyl. 

Spontaneous  inflammability  implies  that  the  substance  exerts  chemical  action 
energetically  and  with  facility, 

Kakodyl  of  the  year  1837  fired  spontaneously,  and  also  combined  at  once  with 
sulphur,  chlorine,  bromine,  and  iodine.  But  kakodyl  did  not  decompose  water. 
Zinc  ethyl  (1847-48)  not  only  combined  with  all  the  elements  just  mentioned,  but 
it  was  powerful  enough  to  decompose  water  instantaneously. 

Sodium  ethyl  (1857-68)  displayed  energy  enough  to  decompose  carbonic  acid 
itself  instantaneously,  and  at  ordinary  temperatures. 


The  Physical  Properties  of  Caseinogen  Salts  in  Solution, 
By  W.  A,  OsBOBNE,  D.Sc. 


5.  Colour  Vision.     ByF.  W.  Edridge-Green,  M,D,y  F.R.CS. 

The  hypothesis  which  I  have  brought  forward  for  discussion  at  this  meeting 
is  that  light  falling  upon  the  retina  liberates  the  visual  purple  from  the  rods  and 
a  photograph  is  formed.  The  decomposition  of  the  visual  purple  by  light  chemi- 
cally stimulates  the  ends  of  the  cones  and  a  visual  impulse  is  set  up,  which  is  con- 
veyed through  the  optic  nerve  fibres  to  the  brain.  I  assume  that  the  visual  impulses 
caused  by  the  different  rays  of  light  differ  in  character  just  as  the  rays  of  light 
differ  in  wave  length.  Then  in  the  impulse  itself  we  have  the  physiological  basis 
of  light,  and  in  the  quahty  of  the  impulse  the  physiological  oasis  of  colour.  I 
have  assumed  that  the  quality  of  the  impulse  is  perceived  by  a  special  perceptive 
centre  within  the  power  of  perceiving  differences  possessed  by  that  centre  or 
portions  of  that  centre. 


FRIDAY,  SEPTEMBER  13, 

The  following  Papers  were  read : — 

1,  A  Demonstration  of  ApparaPas  employed  in  Resca/rches  on  the  Subject  of 
Phonetics.    By  Professor  J.  G.  MgKendrick,  F.R.S. 


2.  Restoration  of  Voluntwry   Movement  after  Alteration  of  the  Nerve- 
supply  by  Nerve-croBHing^  or  Anastomosis.    By  R.  Kennedy,  M.D. 


SATURDAY,  SEPTEMBER  14. 
The  Section  did  not  meet. 
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MOITDAT,  8EPTSMSSR  16. 

The  following  Papers  were  read  :«^ 

1 .  Note  on  the  Action  of  Oxalates  upon  the  Helationship  qf  Calcium  ScUts 
to  Muede*    By  W.  Brodib  Bbodiei  M.B. 


2.  Cam,  Solutions  of  Naiyoe  Proteids  eooert  Osmotio  Presswre  f 
By  Professor  B.  Waymouth  Rbid,  F,R,S. 


3.  An  Ionic  Effect  in  the  Small  Intestine. 
By  Professor  E.  Waymouth  Rbid,  F.R.S, 


4.  Has  the  Spleen  a  ffcemopoietic  Function  ?    By  D.  fToBL  Paton, 

LOVELL  GULLAND,  L.  J.  S.  FOWLKR. 


5.  The  MeoMiremjent  of  Visual  Illusion, 
By  Dr.  W.  H.  R.  Rivers. 


TUESDAY,  SEPTSMBSR  17. 
The  following  Papers  were  read : — 

1.  Observations  unth  Galton*s  Whistle.    By  C.  S.  Myers. 


2.  Demonstration  qfa  Model  shovnng  the  Meclianiem  qfthe  Fre^a 
Tongue.    By  Professor  Marcus  Hartog. 


The  following  Reports  "were  received  by  the  Committee : — 
1.  Report  on  the  Micro-chemistry  of  Cells. — See  Reports,  p.  445. 


2.  Interim  Report  on  the  Physiological  Effects  of  Peptone. 


3.  The  Chemistry  of  Bone  Ma/rrow. — See  Reports,  p.  447. 
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Sbotioh  K.— botany. 
PBB8IDB5T  OF  THE  Seotioit.— ProfessoT  I.  Batibt  Balfoxtb,  D.Sc.,  F.R.S. 


THURSDAY,  SEPTEMBER  19. 
The  President  deliyered  the  following  Address : — 

I  SHOUU)  be  wanUn^  in  my  duty,  alike  to  you  and  to  our  science,  were  I  at  the 
outset  of  our  proceedings  to  pass  over  without  notice  the  circumstances  of  environ* 
ment  in  which  we  assemble  to-day*  In  this,  the  first  year  of  the  century,  our 
Section  meets  for  the  first  time  in  Scotland,  and  finds  itself  housed  in  this  magni- 
ficent Botanical  Institute,  which,  through  the  eneigy  and  devotion  of  Professor 
Bower,  has  been  added  this  year  to  the  equipment  of  Botany  in  this  country.  A 
few  months  ago  the  Institute  was  opened  in  the  happiest  auspices  and  with  all  the 
distinction  that  the  presence  of  our  veteran  botanist,  Sir  Joseph  Hooker^  supported 
by  two  other  ex-Presidents  of  the  Royal  Society — Lord  Lister  and  Lord  Kelvin — 
could  give  to  the  ceremony.  I  am  sure  we  will  cordially  echo  the  words  of  good- 
will that  were  spoken  on  that  occasion.  It  must  be  to  cJl  of  us  a  matter  of  con- 
gratulation that  Botany  has  now  provided  for  it  in  Glasgow  this  Institute  both 
for  its  teaching  and  for  the  investigation  of  its  inner  secrete,  and  we  may  with 
confidence  hope  that  the  output  of  valuable  additions  to  our  knowledge  of  plant- 
life  which  has  marked  Glasgow  during  the  tenure  of  office  of  its  present  dis- 
tinguished Professor  of  Botany,  and  in  which  he  himself  has  borne  so  large  a  share, 
win  not  only  continue  but  will  increase  in  a  ratio  not  incommensurate  with  the 
facilities  that  are  now  provided. 

The  subject  of  my  address  is  the  group  of  Angiosperms.  I  will  speak  gene- 
rally of  some  points  in  their  construction  from  the  point  of  view  of  their  position  as 
the  dominant  vegetation  of  the  earth's  surface  at  the  present  time,  and  more  par- 
ticularly of  their  relationship  to  water,  as  it  is  one  which  has  much  to  do  with 
their  holding  the  position  they  now  have.  I  wish,  however,  in  the  first  place  to 
refer  to 

The  Gormnunal  Organiaation  of  Angiosperms. 

No  fact  of  the  construction  of  the  plant-body  that  has  been  established  within 
recent  years  is  of  greater  importance  than  that  of  the  continuity  of  protoplasm  in 
pluriceUulax  plants.  As  has  been  the  case  with  so  many  epoch-making  discoveries, 
we  owe  our  nrst  knowledge  of  this  to  the  work  of  a  British  botanist.  The  de- 
monstration by  (Gardiner  of  the  existence  of  intercellular  protoplasmic  connections 
is  the  foundation  of  our  modem  notion  of  the  constitution  of  the  pluricellular 
plant-body  and  of  the  far-reaching  conception  of  the  communal  organisation  of 
Angiosperms  and  of  all  other  Metaphyta.^    It  has  settled,  once  and  for  all, 

*  Metaphyta  and  its  antonym  Protophyta  are  well-established  names  for  groups  of 
polyergic  and  monergic  plants  respectively.  The  recent  appropriation  of  Metaphyta 
as  a  group  name  for  Yasoulares,  i.€.,  plants  derived  from  the  second  antithetio 
generation,  and  of  Protophyta  for  Cellnlares,  i.e,,  plants  derived  from  the  first  anti'- 
tfaetic  generation,  is  nnf ortunate. 
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phytomeric  hypotheses.  We  now  realise  that  in  an  Angiospermthe  living  plurinn- 
cleated  protoplasm  is  spread  over  a  skeletal  support  furnished  by  the  cell-chambers 
of  shoot  and  root.  The  energid  of  each  living  cell  is  connected  with  the  adjacent 
energids  by  the  protoplasmic  threads  piercing  the  separating  cell-membrane.  The 
protoplasm  thus  forms  a  continuous  whole  in  the  plant.  According  to  their 
position  in  the  organism  the  energids  become  devoted  to  the  formation  of  special 
tissues  for  the  building  up  of  the  various  organs.  Each  one  of  them,  however, 
whilst  its  actual  destiny  is  ultimately  determined  by  its  relationships  to  the  others, 
ifl,  so  long  as  its  fate  as  a  permanent  element  is  not  fixed,  a  potential  protophyte, 
that  ia  to  say,  it  has  withm  it  all  the  capacities  of  the  plant- organism  to  which  it 
belongs. 

Their  construction  out  of  this  assemblage  of  protophytes — ^this  colonial,  or 
perhaps  better  communal,  organisation — gives  to  Angiosperms  their  power  of  dis- 
carding effete  and  old  parts  of  the  plant-body  without  mutilation,  of  allowing  these 
to  pass  out  of  the  region  of  active  life  yet  to  remain  without  damage  to  the 
organism  as  part  of  Uie  body,  of  renewing  and  replacing  members  as  required. 
The  response  of  the  plant  to  the  various  horticultural  operations  of  pruning,  pro- 
pagation by  cuttings,  and  so  forth  is  an  outcome  of  this  constitution.  It  is  this 
which  gives  them  the  power  of  developing  reproductive  organs  at  any  part  of  the 
plant-bodv,  to  cast  them  off  when  their  work  is  done,  and  to  renew  them  again  and 
again.  This  dispersion  of  the  reproductive  capacity  in  the  Angiosperm  is  one  of 
the  most  striking  of  the  properties  it  possesses,  and  is  perhaps  in  no  way  better 
shown  than  in  the  development  of  stool-shoots.  There  the  energids  of  the  cam- 
bium, which  normally  produce  the  permanent  tissue  of  wood  and  bark,  and  thereby 
add  periodically  to  the  girth  of  a  tree,  give  origin  when  the  relationc^ps 
are  changed  by  the  cutting  over  of  its  bole  to  a  callus  from  which  8tool-«hoota 
arise  as  new  growths,  which  may  ultimately  produce  flower  and  reproductive 
organs. 

Another  outcome  of  this  organisation  of  the  Angi<Mperm  is  its  power  of 
extension  and  its  longevity.  It  is  potentially  immortal.  How  far  this  expecta- 
tion of  life  of  a  plant  is  realised  in  nature  we  have  no  evidence  to  show.  Possibly 
we  may  presage  the  longest  life  in  the  case  of  perennial  herbs.  Trees  and  shrubs 
by  their  exposure  in  the  air  are  liable  to  injury  which  must  militate  against  long 
life,  and  yet  cases  of  trees  of  great  age  are  well  known  to  you  all. 

It  is  this  feature  of  the  life  of  Angiosperms  which  marks  them  out  sharply  in 
contrast  with  the  higher  member  of  the  animal  kingdom.  There  we  have  indi« 
viduaHty,  and  consequently  comparatively  short  life.    Liet  me  emphasise  this. 

Of  the  Vegetable  Kingdom  and  tJie  Animal  Kingdom^ 

The  root-difference  between  plants  and  animals  ia  one  of  nutrition.  Plants  are 
autotrophic,  animals  heterotrophic. 

Whatever  has  been  the  origin  of  the  two  kingdoms,  we  must  trace  the  differ- 
entiation of  plants  to  their  acquisition  of  chlorophyll  as  a  medium  for  the  absorp- 
tion  of  the  energy  of  the  sun.  The  imprint  of  its  operation  is  borne  in  the 
construction  of  aU  higher  plants  and  distinguishes  them  from  animals.  The 
vegetative  mechanism  of  the  plant  has  been  elaborated  upon  lines  enabling  it  to 
obtdn  the  materials  of  its  food  from  gases  and  liquids  which  it  absorbs  from  its 
environment.  For  the  plant  the  primary  requisite  has  been  a  sufficient  surface  of 
exposure  in  the  medium  whence  it  could  obtmn  energy  along  with  the  gases  and 
liquids  of  its  food.  To  this  end  the  fixed  habit  is  an  obvious  advantage,  ^r  the 
question  of  bulk  within  the  limits  of  nutrition  becomes  thereby  not  a  matter  of 
moment;  and  an  upward  and  a  downward  extension  gives  opportunity  for  the 
creation  of  a  larger  expanse  of  absorptive  surface.  Thus  it  has  come  about  that 
the  plant-organism  has  developed  that  polarity  which  finds  expression  in  the  pro- 
fuse root-system  and  shoot-system  with  their  localised  growing  points  of  the 
highest  forms  of  to-day.  That  the  communal  organisation  is  well  fitted  to  this 
mode  of  Ufe  requires  no  exposition. 

The  nutritive  mechanism  of  animals,  on  the  other  hand,  has  become  one  for 
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the  iDgestion  of  solids  which  it  obtains  by  preying  upon  the  bodies  of  plants  and 
other  animals.  The  exigencies  of  its  feeding  have  compelled  the  adoption  by  the 
animal  of  the  habit  of  locomotion,  the  development  of  an  apparatus  for  the  capture 
of  its  prey,  and  of  an  alimentary  canal  for  its  introduction  to  the  body,  for  its 
digestion,  and  for  the  final  ejection  of  the  unused  matter  along  with  the  waste 
of  the  body.  This  has  involved  the  concentration  and  the  specialisation  of  the 
individual. 

All  this  is,  however,  to  you  botanists  but  the  commonplace  of  your  laboratories 
and  lecture  halls.  But  I  have  thought  that  it  should  be  said,  because  this 
fundamental  difference  of  organisation  between  the  two  kingdoms  is  apt  to  be 
forgotten  in  discussions  of  problems  of  evolution,  more  particularly  those  of  trans- 
mission of  characters  and  tne  effect  of  environment.  This  is  especially  so  when 
they  are  approached  from  the  zoological  side.  Were  the  point  always  recognised  we 
should  not  nave  zoologists  finding  similarity  between  bud-variation  in  a  flowering 
plant  and  the  change  in  colour  of  the  hair  of  a  mammal. 

Of  Origin  and  Dominance  of  the  Angioapermous  Type, 

It  is  now  usually  admitted  that  all  plants,  like  all  animals,  have  been  derived 
from  aquatic  ancestors,  and  that  the  trend  of  evolution  has  been  in  the  direction 
of  the  establishment  of  a  vegetation  adapted  to  a  life  on  land.  Of  this  evolution 
the  Angiosperms  as  we  see  them  to-day  are  the  highest  expression.  Can  we  say 
anything  about  the  origin  of  the  angiospermous  type  ?  As  the  problem  presents 
itself  to  me  we  can  only  mark  time  at  present. 

From  the  geological  record  we  obtain  no  help.  The  earliest  traces  of 
Angiosperms  in  rocks  of  the  middle  Mesozoic  period  enable  us  to  say  little  regard- 
ing them  except  that  the  fragments  give  evidence  of  an  organisation  as  complete 
as  that  possessed  by  the  Angiosperms  of  the  present  day.  The  gap  between  the 
angiospermous  and  other  types  of  vegetation  is  a  wide  one,  and  no  links  are  known. 
Until  further  research  provides  specimens  in  a  better  state  of  preservation  and 
showing  structure  we  can  hope  for  little  assistance  from  the  geological  record ; 
and  when  we  consider  the  circumstances  in  which  the  angiospermous  plants  as  a 
whole  grow  the  prospect  of  such  finds  does  not  appear  to  be  very  bright. 

The  appeal  to  ontogeny  likewise  gives  us  little  information.  Comparative 
study  does  not  estabUsh  connection  with,  only  differentiates  more  and  more,  the 
types  of  the  Pteridophytes  and  Gymnosperms.  The  strong  likeness  of  the 
pro-embryo  after  the  primary  segmentation  of  many  Angiosperms  to  the  pro-embryo 
of  many  Bryophytes  has  appeared  a  suificient  reason  to  some  botanists  for  ascribing 
a  bryophytous  parentage  to  the  Angiosperms.  Indeed  it  has  been  said  that  *  the 
monocotylous  embryo  is  the  direct  homologue  of  the  sporogonium  of  the  moss,  the 
cotyledon  being  homologous  with  the  spore-producing  portion  of  this  out  of  which 
it  originated.'  This  anaphytic  conception  of  the  monocotylous  embryo  seems  to 
me  to  have  as  little  real  foundation  as  the  hypothesis  of  its  origin.  The  pro- 
embryonic  resemblance  is  interesting,  but  it  may  as  well  be  homoplastic  us 
genetic. 

But  if  the  information  available  to  us  does  not  permit  of  our  building  up  a 
pedigree  for  the  Angiosperms,  we  are  on  surer  ground  when  we  endeavour  to  fix 
upon  characters  which  have  enabled  the  group  to  become  established  as  the 
dominant  vegetation  of  our  epoch.  Before  the  era  at  which  we  have  first  know- 
ledge of  Angiosperms  the  earth's  surface  was,  we  know,  clad  with  a  dense  vegeta- 
tion composed  of  members  of  the  various  classes  of  Pteridophytes  and  Gymnosperms. 
These  appear  to  have  existed  in  all  the  growth-forms  which  we  know  now  amongst 
the  Angiosperms — Herb,  Shrub,  Tree,  Liane.  Yet  they  are  now  represented 
amongst  living  plants  by  only  a  few  remanent  forms.  Hordes  of  distinct  forms  and 
whole  classes  have  disappeared,  giving  place  to  plants  of  the  angiospermous  type. 
There  must  then  be  some  feature  or  features  of  advantage  in  this  type  over  those 
of  the  groups  that  previously  occupied  the  ground,  and  through  which  it  became 
dominant. 

In  considering  this  point  we  must  bear  in  mind  the  well-known  climatic 
diferencdfl^particularly  in  the  di^tributioii  of  water«->that  distisguiehes  our  epoch 
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from  those  in  which  these  extidct  plants  throve.  The  factors  which  determine  the 
success  or  otherwise  of  an  organism  or  group  of  organisms  at  any  period  must 
always  he  complex,  and  no  e)cception  can  be  claimed  for  plants  in  their  straggle 
for  mastery.  But  looking  at  the  succession  of  plant-life  m  the  world  in  relation 
to  the  known  diminution  of  water-surface  and  increase  of  land-«rea,  and  the 
consequent  differentiation  of  climates,  we  cannot  but  be  convinced  that  of  these 
factors  water  is  one  which  has  had  supreme  influence  upon  the  evolution  of  the 
facies  of  the  plant-life  that  we  see  to-day.  I  think  the  statement  is  warranted 
that  the  Angiosperms  have  become  dominant  in  great  mea8iu*e  because  in  their 
construction  the  problem  of  the  plant's  relationship  to  water  on  a  land-area  has 
been  solved  more  satisfactorily  than  in  the  case  of  the  gronps  t^at  preceded 
them. 

The  seed-character — and  the  flower  which  it  involves — distinguishes  the 
Angiosperms.  What,  then,  are  the  relationships  to  water  which  the  formation  of 
seed  implies  and  through  which  the  Angiosperm  has  advantage  P 

Two  prominent  risks  in  its  relation  to  water  attach  to  the  process  of  sexual 
reproduction  in  a  plant  of  the  tvpe  of  heterosporous  Pteridophytes.  Firstly,  that 
of  failure  of  moisture  on  the  soil  sufficient  to  promote  germination  of  the  spores ; 
secondly^  that  of  failure  of  moisture  on  the  soil  sufficient  for  the  passage  of  the 
spermatozoid  to  the  ovum.  In  addition  there  is  the  risk  of  failure  of  the  fall  of 
microspores  and  megaspores  together  upon  the  soiL  In  the  Angiosperms  such 
rislDS  are  practically  abolished  in  the  formation  of  flower.  The  stigmatic  surface 
of  the  style  itself  provides  a  secretion — the  more  copioas  in  a  £7  and  sunny 
atmo^here-^to  moisten  the  pollen-grain  and  stimulate  germination,  and  for  the 
spontaneous  movement  of  the  spermatozoid  is  substitute  the  passive  carriage  of 
the  male  gamete  to  the  ovum  by  the  agency  of  the  pollen-tube.  Possible  fiulure 
of  pollination  is,  too,  provided  against  by  the  complex  mechanism  of  the  flower  in 
the  highest  forms  in  relation  to  insect-visits.  The  sexual  act,  then,  might,  we 
conceive,  gradually  become  more  and  more  difficult  of  consummation  to  the 
Pteridophyte  as  the  area  of  dry  land  increased.  To  the  seed-plant  it  was  more 
secure  by  its  independence  of  the  presence  of  free  water.  The  failure  of  perform- 
ance of  the  function  of  sexual  reproduction  may  have  hastened  the  disappearance 
of  Pteridophytes  before  the  advance  of  the  Angiosperms. 

But  if  this  flower-mechanism  relieves  the  Angiosperm  from  risks  in  the  per- 
formance of  the  sexual  act,  it  imposes  a  new  duty  upon  the  plant,  that  of  nursing' 
the,  embrvo  within  the  sporangium.  This  involves  a  water-supply  of  a  kind  not 
demanded  in  the  Pteridophytes,  and  we  may  gain  some  idea  of  the  importance  of 
this  by  a  comparison  of  tne  trivial  vascular  system  required  to  supply  through  the 
8tamen  the  pollen-grain,  with  the  copious  system  that  traverses  the  gynsBceum  for 
the  ovules.  It  is,  however,  to  the  ovule — the  immediate  nursery  of  the  embryo — 
that  we  must  look  for  special  indications  of  this  water-relationship  of  which  I 
speak. 

Perhaps  no  organ  has  given  rise  to  more  discussion  than  this  characteristic  one 
of  flowering  plants.  To  most  of  us  I  believe  the  controversy  over  its  axial  or  foliar 
nature  will  oe,  in  a  measure,  historical  only.  All  recent  investigations  of  sporangia — 
and  to  no  one  does  Botany  owe  more  in  this  respect  than  to  Bower — tend  to  confirm 
the  view  that  it  is,  and  always  has  been,  an  organ  sui  generis.  To  that  category 
the  nucellus  of  the  ovule  is  now  pretty  generally  admitted.  It  is  the  body  of  a 
sporangium.  But  the  nature  of  the  tegumentary  system  and  of  the  funicle  which 
give  the  ovule  so  distinctive  a  character  is  still  the  subject  of  disagreement.^ 

I  do  not  share  a  view  which  sees  in  the  integuments  or  other  parts  of  the  ovule 
anything  of  an  axial  or  of  a  foliar  nature.    To  me  the  funicle  is  a  sporangiophore — 

'  Scott's  discovery  of  a  bracteal  investment  to  the  megasporangium  in  Lepido- 
carpon  is  an  interesting  one  in  relation  to  the  question  of  the  enclosure  of  sporangia. 
It  shows  how  in  the  Lepidodendrett  a  oorvedngof  the  eporangimm  could  be  ftev^ped; 
much  in  the  same  way  as  a  carpellary  envelope  in  Angiosperms.  Whether  the 
ovular  integument  or  the  ovarian  covering  in  Angtotpirma  was  ^e  MrUer  develop- 
ment is  open  to  discuaeion.    I  am  diiposed  to  giv«  preeid^ce  to  the  ovplar  cotJL 
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a  spomngial  etalk — and  the  tegumentary  system  is  an  outgrowth  of  the  sporangial 
primordium  of  somewhat  Tariable  origin  and  development,  whose  first  function  it 
18  to  carry  and  store  water  for  the  embryo,  and  then  also  to  serve  as  a  food- 
reservoir.  The  whole  construction  is  adapted  to  the  function  claimed  for  it.  The 
well-developed  vascular  system  &om  the  placenta  traverses  the  funicle,  but  the 
subsequent  fate  of  the  nucellus  forbids  its  passing  through  this^  and  the  needs  in 
respect  of  water  (and  what  it  carries)  of  the  embryo  and  of  the  other  further 
developments  that  proceed  in  the  embryo-sac  are  provided  for  by  the  production 
of  the  tegumentary  outgrowths  into  which  the  vascular  system  may,  if  necessary, 
be  continued  and  spread  out. 

That  the  tegumentary  covering  has  this  function  we  have  direct  proof  in  its 
penetration  bv  luiustoria,  derived  either  from  tiie  embryo  itself  or  from  the  embryo- 
sac,  which  absorb  from  it  water  and  food  for  the  developing  embryo.  These 
haustoria  appear  to  be  much  more  elaborate  and  more  widespread  than  has  been 
supposed,  and  a  definite  correlation  has  been  established  in  many  cases  between 
them  and  the  integuments.  The  thicker  the  integument  the  better  developed  is 
the  haustorium.  In  some  ovules  where  no  vascular  system  appears  in  the 
integument,  the  chalazal  haustorium  is  prominent,  and  it  can  therefore  at  once  tap 
the  main  water-supply  of  the  ovule.  We  know  also  of  cellular  ingrowths  pro- 
ceeding from  the  vicinity  of  the  vascular  system  of  the  raphe  to  the  interior  of  the 
embryo-sac,  and  these,  too,  may  have  a  conducting  function.  All  these  point  to  a 
water  and  nutritive  function  in  the  integuments.  The  protective  frmction  of  the 
tegumentary  ^stem  to  which  attention  has  been  chiefly  directed  must  be  primarily 
only  dight.  It  only  becomes  prominent  aB  the  seed  is  ft>rmed,  and  then  changes 
consonant  therewith,  and  with  its  changed  fbnctiim,  proceed  within  it.  Nor  can 
we  now,  with  our  increased  knowledge  of  the  ways  in  which  the  pollen-tube  may 
reach  the  embryo-sac,  consider  the  function  of  the  integuments  in  forming  the 
micropylar  cansl  as  one  of  so  much  importance  to  the  reproductive  act  as  was 
formerly  supposed.  We  obtain,  I  think,  a  better  conception  of  the  ovule  in  the 
view  that  the  primary  function  of  the  tegumentary  system  is  that  of  a  water-jacket 
and  food-store,  and  that  it  has  been  developed  in  response  to  the  special  demands 
for  water  involved  in  the  seed-habit.^ 

To  the  question  why  there  are  two  integuments  in  some  cases  and  only  one  in 
others  we  can  only  reply  that  our  knowle<%e  of  ovular  structure  and  changes  is 
yet  too  slight  to  permit  of  a  definite  opinion  being  expressed.  We  find  that  there 
is  a  remarkable  concurrence  of  the  unitegminous  ovule  with  a  gamopetalous  corolla 
in  the  flower,  for  the  character  apparency  holds  for  the  whole  of  the  gamopetalous 
Dicotyledones  excepting  Primulales.  On  the  other  hand,  not  all  Polypetalas  have 
bitegminous  ovules,  wlulst  bitegmeny  is  usual  in  Monocotyledones.  Kecently  the 
character  has  been  used  by  Van  Tieghem  as  one  of  prominence  in  his  new  classifica- 
tion of  the  families  of  Dicotyledones.  But  it  is  not  so  constant  an  one  as  his 
groups  of  Unitegmineee  and  BitegminesB  would  lead  one  to  suppose.  The 
degree  in  which  it  is  inconstant  we  cannot  yet  fix,  because  we  know  details  of  so 
few  genera.  We  do  know,  however,  that  all  genera  in  one  family  are  not  always 
alike  in  respect  of  it.  In  HanimculacesB,  for  instance,  the  most  of  the  genera  with 
radial  flowers  are  unitegminous,  whilst  those  with  dorsiventral  lowers  are 
bitegminous.  Again,  in  Kosacese,  the  Potentilke  are  unitegminons,  as  is  Kosa, 
whilst  PomesB  and  Pruneas  are  Htegminous;  and  of  the  SpirseesB,  NeiUia  is 
unitegminous,  but  the  closely  allied  Spircea  is  bitegminous.'    In  other  cases  the 

*  To  discuss  the  morphological  interpretations  of  the  funicle  and  Integument  that 
have  been  advanced  would  carry  me  beyond  the  scope  of  this  address.  I  do  not 
know  that  an  axial  hypothesis  for  any  part  of  the  ovule  is  now  maintained.  The  foliar 
interpretation  of  the  funicle  and  integuments  as  against  their  sporangial  nature  is 
supported  by  two  distinct  schools  of  botanists.  One  approaches  the  subject  from  the 
standpoint  of  the  anaphytose  of  the  sazlier  years  of  last  century,  and  appeals  largely 
to  teiatolofy;  the  other  from  that  of  vascular  anatomy^  I  do  not  accept  the 
starting-point  of  either  the  one  or  the  other. 

'  Spireea  is,  however,  exalbominous,  whilst  Keillia  is  albuminous. 
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character  confirms  distinctions ;  as,  for  instance,  in  separating  the  unitegminous 
Betuleee  and  (voryleee  from  the  bitegminous  Quercineae.  The  explanation  of  all 
these  constructions  may,  I  suggest,  be  sought  for  with  better  prospect  of  success 
in  the  water-relationship  and  rood-relationship  of  the  integuments  to  the  embryo 
than  in  protective  function  and  relations  to  pollination.  It  is,  perhaps,  not  without 
significance  from  this  point  of  view  that  m,  for  instance,  the  Gamopetalee  such 
protective  function  as  attaches  to  the  tegumentary  system  in  the  seed  is  reduced 
or  extinguished  through  the  development  of  indehiscent  fruits,  accompanied  in  many 
Aggregates  and  higher  Heteromerse  by  the  sinking  of  the  gynseoeum  in  the  torus, 
and  in  many  Bicarpelletse  by  its  enclosure  in  a  persistent  accrescent  calyx. 

All  the  information  at  our  disposal  seems  to  indicate  that  the  tegumentary 
system  of  the  ovule  is  extremely  adaptive,  and  that  its  characters  are  not  of  them- 
selves of  much  phyletic  import.  An  extended  examination  of  its  characters  as  an 
or^an  of  the  nature  I  have  depicted  in  relation  to  embryogeny  is  greatly  needed. 
It  is  made  all  the  more  interestiiu^  by  the  questions  of  development  of  endosperm 
opened  by  the  discovery  of  *  double  fertilisation/  There  is  no  more  promising  field 
of  investigation  than  this,  for  it  must  yield  results  infinitely  more  interesting 
than  the  technicalities  of  formal  morphology  which  have  been  for  too  long  the 
stimulus  to  ovular  research.  I  am  tempted  to  go  further  and  to  say  that  it  might 
supply  an  explanation  of  that  most  puzzling  of  subjects,  the  forms  and  curvature 
of  the  ovule.  The  common  assumption  that  these  have  relation  to  pollination  and 
make  the  advent  of  the  poUen-tube  at  the  micropyle  easier  is  not  alto^ther  satis- 
factory. For  the  curvature  not  infrequently  seems  to  place  the  micropyle  in  a 
position  the  opposite  of  favourable,  and  there  is  an  absence  of  curvature  m  cases 
where  it  woula  appear  to  be  desirable. 

I  will  not  dwell  upon  the  subject  of  the  seed  itself  as  an  advantage  to  the 
Angiosperm.  Its  construction  follows  upon  the  successful  water-relation  pre- 
viously secured.  We  all  know  how  its  manifold  adaptations  to  dissemination 
bring  about  its  fortuitous  deposition  upon  various  soils,  and  the  embryo  b  placed 
well  guarded  within  the  seed-coat  ready  to  take  advantage  of  the  moment  when 
moisture  is  sufficient  for  its  germination. 

Whilst  the  seed-habit  is  the  character  which  has  primarily  given  to  Angio- 
sperms  their  advantage  as  a  land-type,^  their  vegetative  organs  also  show  an 
advance  in  their  relationship  to  water  upon  those  of  the  forms  they  have  sup- 
planted. I  have  already  remarked  that  the  growth-forms  of  the  vegetation  of  the 
present  day  are  the  same  as  those  of  old.  That  means  that  the  early  as  well  aA 
the  later  groups  of  vegetation  have  solved  in  much  the  same  way,  so  far  as  general 
form  is  concerned,  the  problem  of  the  exposure  in  the  atmosphere  of  a  large 
assimilating  area  with  a  sufficient  mechanical  support  and  adequate  watei^supply. 
That  wherever  a  water-carrying  system  is  found  in  these  growth-forms  it  dominates 
the  anatomy  is  witness  to  the  importance  of  the  water-relationships  I  wish  to 
emphasise. 

There  are  two  features  in  the  water-carrying  system  of  Angiosperms  in  which 
they  are  superior  to  the  older  types — namely,  their  general  monostely  and  their 
vasa. 

No  one  will  contest  that  polystely  is  a  less  perfect  mechanism  for  water-carriage 
in  a  massive  plant  than  is  monostely.  The  limitation  imposed  by  it  to  an  incre- 
ment in  the  area  of  carriage  contrasts  unfavourably  with  the  openness  in  this 
respect  possessed  by  monostely.  In  the  moister  climatic  conditions  of  the  age  of 
domination  of  Pteridophytes  polystely  may  have  well  sufficed  for  the  water-needs 
of  the  plants,  especially  of  the  dwarfer  forms ;  but  even  then,  as  we  know,  mono- 
stely was  the  habit  in  many  of  the  larger  tree-forms,  and  the  development  of  a 

*  OymnoBperms,  sharing  with  Angiosperms  the  seed>habit,  have  in  that  had 
advantage  over  Pteridophytes.  Bat  their  flower-mechanism  is  much  less  perfect. 
The  reasons  for  their  being  bested  as  a  class  by  Angiosperms  must  be  complex. 
Gymnosperms,  as  a  whole  as  we  know  them,  are  less  adaptive  than  Angiosperms. 
The  decadence  of  the  cyoadean  line  of  descent  may  have  been  helped  by  their  oon* 
servatism  in  the  methods  of  water-carriage  in  the  vegetative  oigans.  The  coniferous 
type  has  held  its  own  in  the  Northern  Hemisphere. 
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cambium  enabled  them  to  provide  for  continued  additions  to  their  carrying  system. 
Where  such  monostely  and  secondary  growth  occurred  in  these  older  types  their 
adaptation  in  these  respects  to  water-carriage  was  on  lines  similar  to  those  of  our 
dominant  Dicotyledoncs  and  was  effective  in  giving  them  dominance  in  their 
epoch.  There  is  no  more  interesting  page  in  the  history  of  evolution  than  that — 
and  we  owe  it  in  large  measure  to  the  labours  of  Scott  and  Seward — upon  which 
is  depicted  the  struggle  of  some  polystelic  forms  amongst  these  old  plants  to 
achieve  the  structural  facilities  more  easily  attained  through  monostelic  construc- 
tion. The  existence  of  polystely  in  a  few  Angiosperms  only  confirms  the  advantage 
which  the  whole  group  has  derived  from  its  monostely.  Such  polystelic  forms 
amongst  them  as  we  know  have  many  of  them  special  water-adaptations,  and  in 
no  case  can  they  be  said  to  be  progressive  types. 

I  do  not  need  to  remind  you  that  vasa  are  not  the  exclusive  possession  of  the 
angiospermous  type,  but  they  are  the  conspicuous  feature  of  their  carrying  system, 
whilst  the  tracheid  is  the  leading  one  in  the  older  type  of  vegetation.  AU  ana- 
tomical evidence  indicates  that  vasa  give  greater  facility  to  rapid  transport 
of  water  than  do  other  elements,  and  we  may,  therefore,  conclude  that  they  have 
been  adjuvants  in  enabling  the  Angiosperm  to  meet  effectively  the  demand  made 
upon  it  by  the  drier  atmospheric  conditions. 

I  now  pass  on  to  consider  from  the  same  standpoint  the  classes  which  make  up 
the  group  of  Angiosperms. 

Of  the  ClasBes  of  Angiosperms. 

There  has  been  for  long  a  general  recognition  of  two  classes  amongst  the 
Angiosperms — ^Dicotyledones  and  Monocotyl^ones — separated  one  from  the  other 
by  definitive  characters  which  I  need  not  specially  depict  here.  Recently,  how- 
ever, we  have  seen  an  attempt  made  by  Van  Tieghem  to  establish  another  class — 
that  of  Liorhizal  Dicotyledones — ^for  which  is  claimed  a  rank  equal  to  that  of  the 
Dicotyledoncs  and  Monocotyledones.  Were  this  valid  it  would  be  a  matter  of 
supreme  importance,  for  whatever  be  the  relationship  between  Dicotvledones  and 
Monocotyledones  there  can  be  no  doubt  of  their  having  developed  as  distinct 
groups  within  the  whole  period  of  which  we  have  knomedge  of  them,  and  the 
existence  of  a  third  class  intermediate  or  outside  of  them  might  lead  to  interesting 
conclusions.  It  is  worth  while,  therefore,  to  consider  the  evidence  on  which  this 
class  is  founded.  It  includes  two  of  our  recognised  families — the  Nympheeacese 
and  the  Graminese. 

What  is  the  exact  position  and  the  affinities  of  the  NymphsBacess  amongst 
Angiosperms  is  no  new  theme  of  discussion.  That  they  have  characters  resem- 
bling those  of  Monocotyledones*  has  been  often  insisted  on.  Van  Tieghem 
lays  stress  on  vrhat  he  considers  the  monocotylous  differentiation  of  the  root-apex 
and  the  derivation  of  the  piliferous  layer  from  the  same  meristem-initials  as  the 
cortex,  whilst  in  the  embryo  he  finds  the  two  cotyledons  of  Dicotyledones.  But 
the  most  recent  observations  of  the  embryogeny  oi  the  family  go  to  show  that  the 
embryo  is  that  of  the  monocotylous  plants,  the  apparent  dicotylous  character 
being  the  result  of  the  splitting  of  one  cotyledon.  If  this  be  so  the  position  of 
NymphseacesB  will  be  amongst  the  Monocotyledones,  a  position  the  root- characters 
in  Van  Tieghem's  view  will  support.  But  whether  this  be  confirmed  by  further 
research  or  no — and  a  complete  reinvestigation  of  their  embryogeny  and  develop- 
ment is  much  wanted — ^what  we  may  say  at  present  is  that  it  is  not  in  features 
such  as  this  one  of  the  root-apex — ^which  is,  after  all,  not  so  simple  and  imiform 
as  Van  Tieghem  would  have  it — that  we  are  likely  to  find  phyletic  diagnostic 
characters  of  groups. 

The  reason  for  the  inclusion  of  the  Gramineie  in  this  new  group  is  the 
assumed  presence  of  a  second  cotyledon.  The  construction  o  f  the  embryo  of  grasses 
is  peculiar,  as  is  well  known,  and  has  for  a  long  time  been  a  main  support  of  the 

'  The  anatomical  characters  upon  which  this  resemblance  was  chiefly  based  are 
now  known  to  be  of  another  nature. 
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hypothesis  that  the  Monocotyledmies  are  derived  from  the  Dieotyledones ;  for 
here  alone,  since  the  dicotylous  diaracter  of  forms  like  the  Dioseores  was  shown 
to  be  untenable,  waa  there  a  structure  which  could  be  interpreted  as  eTidenee  c^ 
a  reduced  second  cotyledon.  The  idea  that  the  epihlast  is  such  a  structure  waa 
enunciated  by  Poiteau  at  the  beginning  of  the  last  century,  and  along  witlv 
hypotheses  of  the  nature  of  the  other  parts  of  the  grass-embryo  has  been  a  subject 
of  vigorous  discussion  since  that  time.  The  controversy  is  not  yet  closed.  Wmlst 
we  have  Van  Tieghem  now  adopting  the  view  of  Hie  cotylar  nature  of  the  epi* 
blast  and  using  it  as  a  character  of  mndamental  tazonomic  impartancoi  we  haTe 
others  who  as  strongly  uphold  the  interpretation  of  it,  first  formulated  by 
Gaertner,  aa  a  winged  appendage  of  the  scutellum,  which  is  considered  to  be  the 
cotylar  lamella.  And,  again,  there  are  those  who  take  the  view  that  it  is  a  mere 
outgrowth  of  the  hypocotylar  body  of  the  embryo  and  without  any  cotylar 
homology.  Our  interpretation  of  the  part  must  depend  primarily  upon  the  stand- 
point from  which  we  view  the  embryo  of  Am^iosperms.  This  I  shall  discuss 
presently.  All  I  need  say  here,  dpropos  of  the  class  of  Liorhizal  Dieotyledones,  is 
that  whatever  the  epihlast  be-— and  for  my  part  I  am  disposed  to  regard  this 
simple  cellular  structure  as  merely  an  outg^wth  with  a  water-function  from  the 
embryonal  corm — a  dispassionate  consideration  must  lead  us  to  hold  that  it  is  a 
bold  step  to  use  a  character  the  morphological  value  of  which  can  be  so  variously 
interpreted  as  one  of  primary  importance  for  separation  of  a  group  of  Angiospemoa. 
Moreover,  we  must  remember  tnat  the  feature  of  the  epihlast  is  not  one  of  uni- 
versal occurrence  in  the  Graminea^.  If  we  take  a  well-defined  tribe  like  the 
Hordese,  as  framed  by  Bentham  and  Hooker,  we  find  that  of  eight  of  its  twelve 
geuera  which  have  been  examined  for  this  feature  five  have  tbe  epihlast  and  three 
want  it.  And  surely  the  fact  of  its  presence  in  Triticum  and  absence  in  Secale, 
its  presence  in  Elymus  and  absence  in  Hordeum,  is  strong  evidence  that  the 
epihlast  is  not  a  character  of  such  importance  as  it  would  have  were  it  a  reduced 
cotyledon  as  is  asserted. 

It  appears  to  me,  therefore,  that  this  third  clsss  of  Aoffiosperms  has  no  sound 
foundation,  no  more,  perhaps  less,  than  Dictyogens  and  Rhizogens  which  anpeared 
as  parallel  groups  with  Endogens  and  Exogens  in  Lindleys  old  classincation. 
Our  present  knowledge  allows  the  recognition  of  only  two  classes  of  the  angio- 
spermous  type — the  Dieotyledones  and  the  Monocotyledones. 

Of  Dieotyledones  <md  Monocolyledonea, 

The  relationship  of  these  two  groups  is  involved  in  the  origin  of  the  angio- 
spermous  type.  Tney  may  have  had  a  common  origin  or  they  may  have  arisen 
separately ;  and  if  the  former  the  Dieotyledones  may  have  been  a  subeeouent 
offshoot  from  the  Monocotyledones,  or  the  reverse  may  have  been  the  case.  £aeh 
of  these  possibilities  has  its  supporters.  Were  I  to  maintain  an  opinion  it  would 
be  that  the  two  classes  have  arisen  on  separate  lines  of  descent.  The  embryo- 
characters,  as  well  as  those  of  the  epiootyl,  can,  I  think,  be  shown  to  be  funda- 
mentally difierent  and  to  afford  no  basis  for  an  assumed  phyletio  connection.  The 
difference  between  Hepaticse  and  Musci,  to  take  a  parallel  case  in  a  lower  grade, 
are  not  more  conspicuous.  The  parallel  sequence  in  development  in  the  two 
classes  are  no  more  than  one  woula  expect,  and  may  be  regarded  as  homoplastic 
To  the  question  which  group  is  the  older  I  would  answer  that  the  Dieotyledones 
are  by  far  the  most  adaptive  and  progressive  if— as  is  not  necessarily  the  case — 
this  can  be  taken  as  evidence  of  their  more  recent  origin.  This,  however,  is  not 
the  matter  I  intend  to  discuss  here.  I  wish  rather  to  inquire  if  there  are  any 
features  broadly  characterising  the  groups  to  which,  as  in  the  case  of  Angiosperms 
as  a  whole,  we  may  look  fbr  help  to  an  explanation  of  the  predomhiance 
at  this  time  of  the  type  of  Dieotyledones.  I  think  there  are,  Dut  they  are 
not  to  be  found  in  the  reproductive  system.  That  is  oonstruoted  on  suffi- 
ciently similar  lines  in  each  class.  The  features  I  refer  to  are  to  be  found  in 
the  construction  of  the  vegetative  system  both  va  the  embryo  and  in  the  adult. 
That  of  the  former  gives  the  dicotylous  plant  an  advantage  in  its  start  on  life  ; 
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that  of  the  latter,  hoth  in  shoot-system  and  root-systeiD,  is  hetter  adapted  in 
Dicotyledones  in  relation  to  water-«upply. 

I  speciaUy  differentiate  the  emhryo-condition  from  the  adult  because  in  our 
consideration  of  these  higher  plants  we  are  apt  to  overlook  the  two  distinct  stages 
into  which  their  life  is  diyided,  and  which  call  for  altogether  different  adaptations. 
There  is>  firstly,  the  life  in  the  seed  and  in  germination ;  and  secondly,  there  is 
the  life  after  germination.  The  conditions  and  the  manner  of  life  are  not  alike 
in  the  two  stages.  In  the  first  the  plant  is  heterotrophic,  in  the  second  it  is 
autotrophic.  The  functions  of  the  portion  of  the  plant  which  lives  the  life 
within  the  seed,  and  which  bears  the  incipient  epicotyl  and  primary  root  as  small, 
at  times  hardly  developed,  parts,  are  to  absorb  food,  either  before  germination,  as 
in  exaJbuminous  seeds,  or  during  germination  in  albuminous  seeds,  to  rupture  the 
seed-coat,  and  to  place  the  plumular  bud  and  the  primary  root  in  a  satisfactory 
position  for  their  growth  ana  subsequent  elongation.  The  functions  of  the  adult 
may  be  summarised  as  the  development  and  maintenance  of  a  large  assimilating 
and  absorbing  area  preparatory  to  reproduction. 

We  ought,  I  think,  to  look  upon  the  embryo  as  a  protocorm  ^  of  embryonic 
tissue  adapted  to  a  seed-life.  Under  the  influence  of  its  heterotrophic  nutrition 
and  seed-environment  it  may  develop  organs  not  represented  in  the  adult  plant  as 
we  see  in,  for  instance,  the  embryonal  intraovular  and  extraovular  haustoria  it 
often  possesses.  There  is  no  reason  to  assume  that  there  must  be  homologies 
between  the  protocorm  and  the  adult  outside  an  axial  part  with  its  polarity. 
There  may  be  homologous  organs.  But  neither  in  ontogeny  nor  in  phylogeny 
is  there  sufficient  evidence  to  show  that  the  parts  of  the  embryo  are  a  reduction  of 
those  of  the  adult.' 

The  protocorm  has,  I  believe,  developed  along  different  lines  in  the  Dicotyledones 
and  Monocotyledones.  This  has  been  to  the  advantage  of  the  former  in  the 
provision  that  has  been  made  for  rapid  as  opposed  to  sluggish  further  develop- 
ment. Confining  ourselves  to  the  general  case,  the  axial  portion  of  the  proto- 
corm of  the  Dicotyledon,  the  hypocotyl,  bears  a  pair  of  lateral  outgrowths, 
the  cotyledons,  and  terminates  in  the  plumular  bud  and  in  the  primary 
root  respectively.  The  cotyledons  are  its  suctorial  organs,  and  the  hypocotyl 
does  the  work  of  rupturing  the  seed  and  placing  the  plumular  bud  and  root  by 
a  rapid  elongation^  which  commonlv  brings  the  plumular  bud  above  ground, 
protected,  it  may  be,  by  the  cotyledons.  These  latter  may  then  become  the 
first  assimilating  organs  unlike  or  like  to  the  epicotylar  leaves.  In  the  Mono- 
cotyledones the  axial  portion  of  the  protocorm  has  usually  no  suctorial  outgrowths. 
Its  apex  and  usually  its  base  also  are  of  limited  growth.  The  plumular  bud  is  a 
lateral  development,  and  the  primary  root  often  an  internal  one.  The  suctorial 
function  is  performed  by  the  apex  of  the  protocorm,  termed  here  also  the 

*  The  term  has  already  been  used  for  the  embryo  of  Orchideaj,  where  the  axis  is 
tuberous  as  is  the  structure  to  wbich  the  term  has  been  given  in  Lycopodineae.  But 
tuberousness  is  not  an  essential  for  the  designation  conn. 

^  I  cannot  pursue  the  subject  here,  nor  discuss  the  view  of  the  cotyledons  as 
either  ancestral  leaf -forms  or  arrested  epicotylar  leaves.  The  analogies  with  existing 
Pteridophytes  that  are  cited  are  not  pertinent,  for  there  is  no  evidence  that  Angio- 
sperms  have  that  ancestry,  or  indeed  that  their  phylogeny  was  through  forms  with 
free  embryos.  Nor  is  the  fact  of  resemblance  between  cotyledons  and  epicotylar 
leaves  and  the  existence  of  transitions  between  them  convincing.  That  the 
cotyledons,  primarily  suctorial  organs,  should  change  their  fanotion  and  become 
leaf-like  under  the  new  conditions  after  germination  is  no  more  peculiar  than  that 
the  hypocotyl  should  take  the  form  of  a»  epicotylar  intemode,  from  which  it  is 
intrinsically  different  as  the  frequent  development  upon  it  of  hypocotylar  bads 
throughout  its  extent  shows. 

*  Jn  relation  to  this  function  it  is  noteworthy  that  the  hypocotyl  relatively 
seldom  in  the  exalbuminous  seed  of  pico^ledones  becomes  the  reservoir  of  food- 
material,  whereas  in  Monocotyledones  the  axis  pf  the  emhc^o  is  the  usual  seat  of 
deposition, 
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cotyledon.^  The  rupture  of  the  seed  and  the  placing  of  the  plumule  along  with 
the  primary  root— for  the  axis  of  the  conn  does  not  elongate  between  them — are 
the  work  of  the  base  of  the  suctorial  portion  of  the  corm. 

The  whole  arrangement  in  Monocotyledones  is  in  marked  contrast  with  that  of 
the  Dicotyledones.  Instead  of  the  free  axial  elongation  begun  in  the  protocorm 
and  continued  upwards  and  downwards  in  the  epicotyl  and  primary  root,  there  is 
limited  axial  growth  of  the  protocorm  with  lateral  outgrowth  of  the  plumular  bud 
and  arrest  of  the  primary  root.  These  differences  in  the  protocorm  are,  I  think, 
primary,  and  they  point  to  independent  origins  of  the  two  groups.  The  adxan- 
tage  lies,  as  I  have  said,  with  the  Dicotyledones,  and  we  find  that  the  features  of 
development  of  the  protocorm  are  continued  in  tiie  adult.  There  is  a  marked  con- 
trast between  the  free  internodal  growth  of  the  shoots  of  Dicotyledones  with  their 
copious  root-system  and  the  contracted  stem-growth  and  the  arrested  root-system 
in  Monocotyledones.  It  is  interesting  to  note  further  how  the  monocotylous  type 
has  developed  so  largely  upon  restricted  lines  in  the  way  of  short  rhizomatoos, 
often  tuherous,  growth,  whilst  the  dicotylous  gives  us  the  characteristic  growth- 
form  tree. 

When  we  compare  the  tree-type  of  the  Dicotyledones  with  that  of  the  Mono- 
cotyledones we  see  at  once  the  feature  I  refer  to  in  the  adult,  which  has  given  the 
advantage  to  the  dicotylous  type  in  respect  of  its  water-supply.  In  Dicotyledones 
we  have  a  much-branched  stem  ending  with  numerous  shoots  with  long  intemodes 
and  small  apices,  and  hearing  many  small  leaves  which  are  mainly  deciduous.  In 
the  monocotylous  tree,  of  which  we  may  take  the  palm  as  a  type,  there  is  a 
straight  stem  with  short  internodes,  a  large  apex  bearing  few  large  leaves  not 
often  renewed ;  if  there  be  branching  it  takes  more  or  less  the  form  of  a  fork. 
The  whole  of  this  external  configuration  bears  relationship  to  the  internal  structure. 
In  the  Dicotyledon  the  open  bundles  of  the  central  vascular  system  provide 
through  their  cambium  for  a  continued  increase  of  the  water-carrying  system  and 
medullary  rays,  which,  although  it  b  to  many  a  heresy,  I  hold  to  have  profound 
influence  upon  the  movement  of  water  in  trees.  The  buttressing  of  the  branches 
is  also  secured,  and  thus  is  rendered  possible  a  large  assimilating  area  made  up  of 
a  vast  number  of  small  individual  surfaces,  each  one  of  which  can  be  readily 
thrown  off.  In  the  Monocotyledones,  on  the  other  hand,  the  distribution  of  a 
large  number  of  closed  vascular  bundles  in  a  matrix  without  a  cambium  involves 
the  provision  of  a  broad  terminal  cone,  gives  no  support,  outside  interstitial 
growth,  to  lateral  branches,  which  are  consequently  when  developed  placed 
so  as  to  give  an  equipose,  and  the  assimilating  surface  has  to  be  concentrated  in  a 
few  large  leaves.  The  possession  of  cambium  has  enabled  the  Dicotyledones  to 
meet  in  a  much  better  way  the  requirements  of  water-supply  and  strength  in 
correlation  with  feeding. 

The  general  uniformity  and  effectiveness  of  the  scheme  of  cambial  growth  is  a 
remarkable  feature  in  the  dicotylous  type ;  but  there  is  still  a  wide  field  of  investi- 

'  I  use  the  term  pnrely  as  an  objective  designation,  and  in  the  original  meaning 
of  the  suctorial  organ  in  the  embryo.  This  terminal  cotyledon  in  the  Monocotyle- 
dones is  not  a  leaf  nor  the  homologae  of  the  lateral  cotyledones  in  the  Dicotyledones. 
The  *  traceable  and  direct  developmental  history  in  the  formation  *  of  the  two  organs 
is  clear,  and  they  are  not  alike.  To  those  who  hold  the  contrary  view  a  terminal  leaf 
is  no  obstacle.  I  think,  however,  the  question  of  lateral  or  terminal  is  of  importance 
in  organography.  The  *  sympodial  leaf-from-leaf  evolution,'  described  in  the  first 
epicotylar  stages  of  Juncus,  Pistia,  and  other  plants,  demands  examination  with  the 
aid  of  modem  methods.  All  cases  of  vegetative  organs  in  which  the  distinctions 
between  organs  are  said  to  break  down  are  worthy  of  being  looked  at  in  the  light 
of  their  relation  to  their  nutritive  environment.  How  nutrition  affects  plant-form 
we  do  not  yet  understand.  Its  effects  are  familiar,  both  in  vegetative  and  repro- 
ductive organs.  The  grosser  cases,  in  parasites,  show  in  tfie  extremes  an  abolition 
of  most  of  the  landmarks  of  morphology — *  the  whole  scheme  of  formation  of  organs 
is  jumbled.'  Heterotrophic  *  jumbles '  do  not,  however,  deny  the  ordinary  morpho- 
logical categories.  Pseudo-terminal  reproductive  organs  are  to  be  expected  under  the 
(Jessation  of  growth  with  which  tl^eij:  development  is  concurrent, 
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gation  in  tlie  relationships  of  size  and  distribution  of  rasa  both  to  the  other 
structural  elements  of  the  stem  and  to  the  form  of  the  plant  in  relation  to  its 
environment.  So  far  as  I  know  the  monocotylous  tree-forms,  there  has  been  an 
attempt  in  two  different  directions  to  provide  an  increased  water-carrying"  system 
in  them.  There  is  the  familiar  one  of  the  secondary  cortical  cambium  in  Dracaena 
and  other  genera.  In  them  the  cambium  merely  repeats  in  its  products  the  con- 
struction of  the  primary  stem,  and  does  not  provide  so  copious  an  increase  of  carrying 
area  as  does  the  system  in  dicotylous  plants.  And  then  in  such  plants  as  Barba- 
cenia,  many  Bromeliacece,  perhaps  Kingia,  we  have  an  arrangement  reminiscent  of 
the  superficial  root-system  which  is  found  in  many  polystelic  arborescent  Pterido- 
phytes  of  the  present  day.  There  is  a  copious  growth  of  adventitious  roots  from 
the  central  vascular  cylinder,  and  these  pass  down  within  the  cortex,  and  from 
its  cells  are  no  doubt  able  to  draw  water  for  the  upper  parts  of  the  stem.^  Ulti- 
mately many  of  these  roots  reach  the  soil.  At  best ,  nowever,  neither  of  these 
systems  has  been  satisfactory.  All  that  can  be  said  for  them  is  that  they  have 
enabled  the  monocotylous  trees  in  which  they  are  found  to  hold  their  own  in 
xerophilous  conditions. 

Of  Phyla  within  Dieotyledones  and  MonocofyUdonea, 

A  brief  reference  only  to  the  groups  within  the  Bicotyledones  and  Monocotyle- 
dones  must  conclude  these  remarEs.  Whilst  there  is  a  wonderful  concurrence  in 
the  opinion  of  botanists  as  to  the  natural  groups — real  phyla,  whether  termed 
cohorts,  alliances,  or  series — into  which  many  of  the  families  of  both  Bicotyledones 
and  Monocotyledones  fiUl,  there  is  irreconcilable  divergence  of  view  as  to  their 
genetic  sequence  or  sequences.  And  this  is  not  surprising  when  we  remember  that 
we  know  nothing  of  the  starting  point  or  points  of  the  classes  themselves ;  and 
have,  moreover,  no  critical  mark  by  which  to  diagnose  a  primitive  from  a  reduced 
feature  in  many  of  the  flower  constructions  to  which,  as  characteristic  of  Angiosperms, 
importance  is  attached.  The  desire  to  establish  a  monophyletic  sequence  of  these 
phyla  is  natural,  and  finds  expression  in  pedigrees  of  Bicotyledones  issuing  from, 
it  may  be,  Ranales  or  Piperales,  of  Monocotyledones  from,  say,  Apocarpee  or  Arales, 
But  all  such  attempts  appear  to  me,  in  the  present  state  of  our  knowledge,  to  be  in 
vain.  We  see  in  the  phyla,  as  we  know  them,  culminating  series  in  our  epoch  in 
lines  of  descent ;  some,  for  instance  Myrtales  or  Lamiales,  progressive ;  others, 
like  Primulales  or  Pandales,  apparently  not  so.  We  also  recognise  that  these 
series  group  themselves  in  manv  cases  as  branches  of  broader  lines  of  descent ;  for 
example,  in  the  Bicarpellatas  of  Gfamopetalae,  in  the  Ilelobiese  of  Monocotyledones. 
To  a  greater  or  less  degree  such  relationships  are  traceable  now,  and  as  we  obtain 
more  knowledge  of  the  angiospermous  plant-life  of  the  world  they  will  be  widened. 
But  this  is  a  different  thing  from  the  carrying  back  the  pedigree  of  every  phylum 
of  dicotylous  and  monocotylous  plants  to  one  or  other  of  the  existing  ones,  which 
may  possess  what  are  taken  to  be  elementary  characters.  We  have,  so  far  as  I 
know,  no  evidence  to  sanction  the  belief,  or  even  the  expectation,  that  there  is 
extant  any  family  of  Bicotyledones  or  Monocotyledones  which  represents,  even 
approximately,  a  primitive  type  in  either  class.  The  stem  in  each  has  gone.  We 
have  the  twigs  upon  a  few  broken  branches. 

Amongst  the  phyla  we  cannot  discern  any  one  type  that  can  be  described  as  the 
dominant  one.  The  multifarious  ndaptabilitv  of  the  angiospermous  type  has 
given  us  diverse  forms,  suited,  as  far  as  we  discern,  no  less  well  to  the  varied 
environments  of  our  epoch.  Yet  we  are  able  to  differentiate  certain  of  them 
which  take  precedence  alike  in  point  of  number  of  species  and  in  area  of  distribu- 
tion. K  we  seek  for  some  general  character  that  marks  these  advanced  groups 
we  find  it  in  the  tendency  to  greater  investiture  of  the  ovule,  both  in  Bicotyledones 
and  Monocotyledones.  This  b  brought  about  in  different  ways ;  for  instance,  by 
the  sinking  of  the  gynseceum  in  the  torus  as  in  Composite,  by  inclusion  within  a 

»  I  leave  it  to  Palssophytologists  to  say  whether  this  construction  may  sometimes 
account  for  the  profusion  of  roots  alongside  of  stem-structure  in  fossil-sections. 
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pemstent  calyx  as  in  LAbiata&f  or  witlun  braots  as  in  Qramiiieift.  This  f«itw%  i% 
-will  be  observed,  emphasises  that  which  I  haye  put  ia  the  for^ront,  as  leading  to 
the  establishment  of  the  angiospermous  type.  That  it  must  give  greater  security 
to  the  embryo  in  relation  to  its  water-supply  is  obvious,  although  it  haa  evi^fuilly 
also  direct  connection  with  seed-^ispersaL  Another  general  chmoter  obaarvad  in 
these  higher  groups  is  the  greater  security  for  economical  poUlnation  afforded  hy 
the  adaptations  in  relation  to  insect-visits.  At  the  same  time  the  case  of  the 
QraminesB  shows  us  that  other  adaptations  in  this  respect  are  not  incompatihle 
with  proqiinence. 

I  will  not  dwell  upon  the  iniuenoe  of  water  upon  the  vegetative  osgans  in 
Dicotyledones  and  Monocotyledones.  Of  sll  the  factors  of  environment  its  eflfocts 
are  best  known  because  most  easily  seen.  The  examination  of  plants  from  tbe 
standpoint  of  their  relation  to  water — bearing  in  mind  that  this  is  physiological, 
and  not  merely  physical — has  already  thrown  a  flood  of  li((ht  upon  their  forms  and 
upon  their  distribution,  and  offers  a  fertile  field  of  investigation  for  the  future. 

Water  has  been,  then,  a  dominating  influence  at  all  periods  in  the  evolution  of 
our  vegetation.  The  picture  of  its  claim  in  this  respect  which  I  have  preaented  to 
you  is  drawn  in  the  broadest  outline,  and  with  the  intention  more  of  recalling 
points  of  view  from  which  familiar  facts  in  the  life  of  plants  may  be  looked  at. 
It  is  just  occasions  like  this  which  give  the  opportunity  of  telling  to  a  competent 
audience  of  the  impressions  received  by  one^s  most  recent  glimpse  in  the 
kaleidoscope  of  plant-life.    It  is  in  this  spirit  I  offer  my  imperfect  sketcn. 


The  following  Papers  and  Reports  were  read : — 

1.  Thp  International  Association  o/ Botanists,     By  Dr.  J.  P.  Lotst. 


2.  Cytology  of  the  Cyanophycecp,    By  Harold  Wageb, 

The  researches  of  Scott,  Zacharias,  and  others  have  definitely  revealed  the  iaei 
that  the  contents  of  the  cells  of  the  OyanopbycesB  are  difierentiated  into  two  dis- 
tinct portions,  an  outer  peripheral  layer  in  which  the  colouring  matters  are  placed 
and  a  central  colourless  portion  which  is  usually  spoken  of  as  the  <  central  oody/ 
The  central  body  is  regarded  by  many  observers,  and  notably  by  Biit^hli,  as  s 
true  nucleus.  So  fsr  as  my  own  observations  go,  it  appears  to  me  to  reeemble  the 
nuclei  of  higher  organisms  in  that  it  is  composed  of  a  chromatic  network,  but 
differs  f^om  them  in  the  absence  of  a  nuclear  membrane  and  nucleolus.  Stainingr 
and  other  reactions  show  that  chromatin  is  present,  but  in  most  cases  only  io 
small  quantities.  The  presence  of  phosphorus  in  the  central  body  can  also  be 
demonstrated,  as  Macallum  has  shown,  by  means  of  the  molybdate,  phenyl- 
hydrazin  reaction. 

In  the  process  of  division  the  cell  begins  to  divide  and  new  cell  walls  formed 
independently  of  the  division  of  the  nucleus. 

In  the  process  of  nuclear  division  the  chromatin  threads  become  drawn  out 
longitudinally  and  parallel  to  one  another,  and  are  then  divided  transversely. 
Some  of  the  division  stages,  especially  in  elongate  cells,  resemble  stages  in  true 
karyokinetic  division. 

Various  staining  methods  can  be  employed  to  render  the  structure  of  the 
central  body  visible,  but  it  is  more  clearly  demonstrated  in  some  species  than 
others. 

The  colouring  matter  is  not  distributed  evenly  through  the  peripheral  layer. 
It  occurs  in  the  form  of  granules  or  fibrils.  The  structi^re  of  the  peripheral  layer 
recalls  that  of  the  cbromatopbores  found  in  other  organisms.  It  consists  of  s 
colourless  and  a  coloured  portion,  and  the  colour«l  portion  appears,  as  before  men- 
tioned, fibrillar  or  granular. 

The  investigation  of  the  cell  structure  of  the  Oyanqpbycaap  is  not  interfered 
with  to  any  considerable  extent^  by  plasmolysis  phenomena. 
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The  action  of  artificial  digestive  fluid  is  not  very  reliable  as  affording  a  clue  to 
the  nature  of  the  central  body,  although  it  often  helps  to  render  its  structure  more 
clearly  visible  when  the  cells  are  subsequently  stained. 


3.  Some  Botanical  Photographs  front  the  Malay  Peninmla. 
By  R.  H.  Yapp. 


4.  The  Diameter  Increment  of  Trees.     By  A.  W.  Borthwick,  B.Sc, 

There  are  two  methods  by  which  the  rate  of  growth  in  thickness  or  diameter 
increment  of  trees  can  be  ascertained.  One  of  these  methods  is  to  measure 
annually  or  at  certain  intervals  the  diameter  or  circumference  by  means  of  tree 
callipers  or  a  tape.  The  only  other  method  of  investigating  the  diameter  incre- 
ment on  standing  trees  is  by  means  of  a  very  useful  instrument  known  as  Pressler's 
increment-borer.  By  means  of  this  instrument  cylinders  of  wood,  about  a  quarter 
of  an  inch  in  diameter  and  from  two  to  six  inches  long — according  to  species — can 
be  extracted,  and  upon  those  the  breadth  of  the  year-rings  measured.  In  order  to 
allow  for  any  irregularity  of  growth  it  is  safer  to  take  the  mean  of  four  cylinders, 
one  from  each  end  of  two  diameters  at  right  angles  to  each  other.  The  great 
difierence  between  the  two  methods  is  that  the  latter  requires  only  a  few  minutes, 
while  the  former  requires  years  to  give  reliable  results.  It  is  therefore  of  some 
interest  and  importance  to  know  how  the  results  got  by  both  methods  agree.  But 
unfortunately,  in  very  few  cases  have  careful  measurements  extending  over  a  long 
period  of  time  been  carried  oyt.  In  fact,  in  the  whole  history  of  British  arbori- 
culture there  is  no  other  place  where  more  extensive  and  careful  records  have  been 
kept  than  in  the  Royad  Botanic  Garden,  Edinburgh.  So  far  back  as  the  year 
1875  the  late  Sir  Robert  Christison  began  a  series  of  systematic  girth  measure- 
ments on  marked  trees  in  the  garden,  and  since  his  death  in  the  year  1883  these 
observations  have  been  carried  on  by  Dr.  David  Christison,  wno  has  recently 
published  some  of  his  interesting  results  in  the  *  Notes  from  the  Royal  Botanic 
Garden.' 

Through  the  kindness  of  Professor  Bayley  Balfour  I  have  had  the  rare  oppor- 
tunity of  testing  whether  the  increment-borer  would  yield  the  same,  or  approxi- 
mately the  same,  results  as  the  tape.  On  comparing  the  results  obtained  by  both 
methods  it  was  extremely  interesting  to  find  how  closely  they  coincided.  The 
actual  figures  are  not  the  same,  because  the  borings  were  not  taken  at  the  same 
level  as  the  tape  measurements.  They  were  purposely  taken  slightly  higher  or 
lower,  as  seemed  expedient,  in  order  not  to  interfere  with  tlie  marked  circum- 
ference measured  by  Dr.  Christison.  Although  the  actual  figures  for  each  year 
do  not  coincide,  the  mean  or  average  ibr  a  period  of  five  or  ten  years  does 
correspond  very  closely. 


5.  On  the  Absorption  of  Ammonia  from  Polluted  Sea-water  by  Hie  XJlva 
latissima.  By  Professor  Letts,  D.Se.y  Ph.J),,  and  John  Haw- 
thorne, B,A, 

In  a  previous  research^  it  was  shown  that  the  occurrence  of  this  sea-weed  in 
quantity  in  a  given  locality  is  associated  with  the  pollution  of  the  sea-water  by 
sewage,  the  evidence  being  of  three  kinds :  (1)  The  hijjh  proportion  of  nitrogen 
contained  in  the  tissues  of  the  ulva ;  (2)  an  examination  of  certain  localities  in 
which  the  sea-weed  occurs  in  abundance,  and  of  others  from  which  it  is  virtually 
absent ;  and  (8)  experiments  on  the  assimilation  of  nitrogenous  compounds  by  the 
growing  uha  from  sea- water  artificially  polluted. 

Commencing  these  latter  experiments    somewhat  cautiously,   it    was    first 

>  B,A.  Beport,l900,  and  Proe,  Jfay.  Soc.  Mm.y  1901,  p.  268. 
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proved  that  all  the  ammonia  was  removed  firom  a  sample  of  sea-water  conaidered 
to  be  somewhat  highly  polluted  ((H)46  part  ammonia  per  100,000)  by  a  few 
days^  contact  with  the  sea- weed.  Kext  it  was  found  that  the  absorption  oocorred 
in  less  than  twenty-four  hours,  while  later  experiments  have  shown  that  the 
remarkable  power  of  assimilating  ammonia  which  the  sea-weed  possesses  had  been 
altogether  underestimated,  as  well  as  the  rapidity  with  which  the  absorption 
occurs.  The  method  of  experiment  was  that  previously  employed.  A  sample  of 
the  polluted  sea-water  was  first  analysed  and  placed  in  a  glass  (ush.  Next  a  frond 
of  the  ulva  was  immersed  in  it,  and  finally  portions  of  the  sea-water  withdrawn 
and  again  analysed  after  suitable  intervals.  Two  different  series  of  experiments 
were  made,  the  first  with  a  solution  of  ammonium  chloride  in  pure  sea-water,  and 
the  second  with  a  mixture  of  sea-water  and  the  effluent  resulting  from  the 
treatment  of  sewage  by  the  so-called  '  Bacteria  Beds.'  All  the  experiments  in  the 
first  series  were  nmde  with  the  same  piece  of  sea-weed,  whidi  nad  an  area  of 
about  200  square  inches ;  and  a  similar  remark  applies  to  the  second  series,  in 
which,  however,  several  pieces  of  sea-weed  were  used  having  a  total  area  of  about 
600  square  inches.  Individual  experiments  in  both  series  were  made  to  test  the 
absorptive  power  of  the  tdva  in  relation  to  concentration  (of  the  ammonia),  as  w^ 
as  the  effects  of  light  and  darkness.  The  following  table  gives  the  chief  resulta 
obtained : — 

Absorption  of  Ammonia  by  Ulva  latissima/hwi — 


Solntion  of  Ammonium  Chloride  and  Sea-xrater 

(Area  of  Fronds  200  Square  Inches) 

(Volume  of  Mixture,  2 J  Litres) 


Mixture  of  Bacteria  Bed  Effluent  and  Sea-w»ter 

(Area  of  Fronds  600  Square  Inches) 

(Volume  of  Mixture,  3|  Lities> 


- 

Parts  '           Percentage  of  Ammonia 

■e 

Parts 

Percentage  of  Ammonia 

^ 

of  Am-  '                 Absorbed  after 

|i 

of  Am- 

Absorbed after 

^u 

monia 
100.000 

monia 
100.000 

1                 1 

.      Jg 

>^S.ofiiqiiidi  S  1  i  :  e  1  e 

1 

6 

of  liquid 

g 

1^ 

w 

^X*  si^^i^ 

1                ^" 

"it"- 

fi 

W 

S   iS'S  1      ^» 

present           **  ,  "  p 

"A 

present 

M 

"  !"■ !"  1 

u 

6a 

0-086 
0-180 

59 
68 

81  '  91 
88     96 

97 

.  1 
~|  Daylight. 

IR 
6e 

0-084 
0-412 

64 
69 

M  i  M  j  W  '  S}  D^"«k«- 

4a 

0-086 

37 

77 

87 

91 

~}  Darkness. 

8e 

0-080 

18 

46  !  68  1  -  1  —1  , 

7A 

0-900 

29 

44 

6C 

67 

4B 

0-096 

68 

'9     87     »4     w\  Dwbun. 

1 

— 

6e 

0-632 

48 

«3     7»     88  '  —J 

The  general  condunons  to  be  drawn  from  the  experiments  are  as  follows : — 

(1)  The  absorption  of  ammonia  by  the  sea-weed  is  very  rapid,  and  with  the 
mixtures  used  practically  all  the  ammonia  was  absorbed  in  five  hours  (with  one 
exception,  when  75  per  cent,  was  lost). 

(2)  The  amount  absorbed  is  greatest  during  the  first  hour  of  contact,  and  then 
rapidly  falls  off^. 

(3)  Although  the  concentration  of  the  ammonia  exercuses  some  effect  on  the 
proportion  absorbed,  it  is  by  no  means  so  considerable  as  might  have  been  expected. 

(4)  The  sea-weed  absorbs  ammonia  both  in  daylight  and  in  darkness,  but  the 
proportion  in  the  latter  case  is  rather  less  than  in  the  former. 

(6)  The  effects  of  an  increased  area  of  the  sea-weed  on  the  proportion  of 
ammonia  absorbed  are  not  so  great  as  might  have  been  expected. 

These  results  may  be  of  practical  importance  in  those  districts  where  a  serious 
nuisance  results  from  the  decay  of  large  quantities  of  the  ulva  which  have  been 
washed  ashore,  or  which  have  accumulated  in  shallow  water.  For  it  seems  probali^ 
that  by  allowing  the  effluent  from  the  bacterial  treatment  of  sewage  (which 
treatment  gets  rid  of  much  of  the  ammonia  originally  present)  to  remain  in 
coptact  with  the  gro'v^ring  ulva  in  specii^ly  construct^  ponds  containing  sea-water, 
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before  diBcharging  it  into  the  sea  itself,  the  ammonia  or  nitrate  will  be  absorbed,  and 
that  the  mixture  of  effluent  and  sea-water  will  then  no  longer  provide  nourishment 
for  the  ulva  in  the  sea  itself,  and  that  consequently  the  sea-weed  will  be  so  much 
reduced  in  quantity  in  the  district  as  to  cease  to  give  rise  to  a  nuisance. 

The  stimulating  effects  of  the  ammonia  or  effluent  were  evident  from  the  rapid 
evolution  of  oxygen  from  the  surface  of  the  searweed,  which  always  occurred  about 
fifteen  minutes  after  the  addition  of  the  polluting  substance,  and  forms  a  pretty 
experiment. 

In  two  cases  the  dissolved  gases  were  extracted  from  the  sea-water  in  which 
the  tUva  was  immersed  (by  boiling  out  with  dilute  sulphuric  acid  in  vacuo)  imme- 
diately after  adding  tne  polluting  material,  and  again  some  hours  later,  and 
anaJyses  made.    The  following  results  were  obtained : — 

Experiment  ok  (Daylight), 

Immediately  after  adding 

Ammonium  Chloride 
(0-180  part  per  100,000)  Four  Hoars  Later, 

(c.c.  per  Litre  at  N.T.P.) 

T  =  14-4  T-15-9 

CO,...  21-69 15-90 

O3...  11-41 14-84 

N,...   9-79 9-88 

Loss  of  COj = 6*79  c.c.  Gain  of  O,  s  3-43  c.a 

(About  2  c.c.  of  evolved  oxygen  gas  were  also  collected.) 

Experiment  8b  (Darkness), 

Immediately  after  adding 

Effluent  Foot  Hours  Later. 

(20  per  cent.) 

T  =  14-6  T  =  14-8 

C0„...  63-59 66-44 

Oj...    6-31 3-85 

N,...  11-90 1174 

Gain  of  CO,  =  2-85  c.c.  Loss  of  0,  =  2-46  c.c. 

In  5a  the  ulva  had  been  in  contact  with  the  sea- water  for  a  considerable  time, 
whereas  in  8b  fresh  sea-water  was  used. 

The  above  analyses  are  interesting  in  several  ways.  First,  in  Experiment  5a, 
the  amount  of  oxygen  found  is  greatly  in  excess  of  the  value  given  by  Dittmar 
in  the  '  Challenger °  Reports  for  the  volume  of  oxygen  which  oue  litre  of  sea- 
water  can  take  up  when  saturated  with  constantly  renewed  air  at  the  existing 
temperature,  Dittmar^s  figure  for  15°  C.  being  5-83  c.c.  The  action  of  the  uloa 
is  therefore,  in  a  sense,  to  supersaturate  the  sea-water  with  oxygen  under  the 
existing  conditions. 

Secondly,  the  amount  of  carbonic  anhydride  found  (in  the  same  experiment)  is 
much  less  than  that  present  in  normal  sea-water,  Dittmar's  average  for  the  total 
volume  in  sea-water  being  about  48  c.c.  per  litre,  of  which  in  all  probability  some 
40  c.c.  are  in  the  form  of  soluble  bicarbonate  of  calcium  or  magnesium.  It  is 
evident  therefore  that  the  ulva  gains  its  carbon  from  the  carbonic  anhydride  of 
these  salts. 

Thirdly,  the  results  of  the  experiment  in  darkness  demonstrate  in  an  interest- 
ing manner  the  true  respiration  of  the  uloa,  carbonic  anhydride  being  evolved  in 
practically  the  same  amount  as  the  oxygen  disappearing. 


6.  Notes  on  Stellaria  holostea  cmd  AUied  Species.    By  John  Paterson. 

Bidogy, — ^The  shoots  appear  in  early  spring  before  the  development  of  the 
grasses.  The  leaves  are  arranged  parallel  to  tiie  stem  axis  in  bud  condition.  They 
open  out  and  grasp  the  leaves  of  the  grasses  and  other  herbage  as  these  develop. 
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being  thus  delicately  balanced.  The  leaves  are  elastic  and  tend  to  return  to  their 
original  position  when  displaced. 

The  young  shoots  are  rigid,  but  the  older  parts  become  elastic  and  flexible,  so 
that  the  stem  is  kept  erect  oy  the  leaves  clinging  to  other  plants,  and  fdls  down 
when  detached.  When  the  plant  withers  in  autumn  the  stems  fall  to  the  ground 
and  continue  their  growth  by  buds  which  arise  alternately  in  the  axils  of  some  of 
the  leaves ;  the  branches  are  thus  able  to  extend  over  a  large  area  in  a  maaiier 
which  would  be  impossible  if  they  remained  erect. 

Anatomy, — The  epidermis  has  cuticularised  walls.  The  cortex  is  turgid,  con- 
sisting of  large  cells  with  strengthening  tissue  at  the  comers,  which  act  like  {hilars, 
keeping  the  central  cylinder  stretched  out. 

The  endodermis  is  very  distinct.  The  pericycle  and  tissue  formed  from  it  are 
several  cells  thick. 

There  are  six  vascular  bundles  separated  by  primary  medullary  rajs. 
There  are  pith  cells,  but  the  stem  is  hollow  in  the  centre.  In  an  older  stem  &e 
cortex  withers  and  becomes  detached  from  the  centred  cylinder,  though  the 
ruptured  endodermis  cells  still  persist,  and  the  central  cylinder  then  contracts  and 
the  vascular  bundles  become  consolidated,  whilst  the  primary  medullary  rays 
become  more  or  less  obliterated.  A  continuous  cork  sheath,  several  layers  thick, 
is  then  formed  from  the  pericycle.  Adventitious  roots  arise  at  the  nodes  of  the 
older  stems. 

The  arrangements  in  Stellaria  graminea,  S,  ult^inosaf  S.  media,  S,  nefnorutitf 
S.  fflauca,  and  other  CaryophyllacesB  are  shortly  compared. 


7.  The  Mori)hology  of  the  *  Flowers '  q/*  Cephalotaxus. 

By  W.  C.  WORSDELL. 

Male  *  Floicers: 

Comparison  of  structure  with  that  of  the  allied  genera  Ginkgo^  Taxus,  Totreya^ 
Pkyllocladxis.     History  of  views  on  subject:  Etchler  and  Celakovehf. 

Female  *  Flowers  J 

Account  of  comparative  structure  of  normal  *  flower.*  History  of  views  on  sub- 
ject: Fichlerf  Strasburger,  Van  Tteghem,  Celakovskg,  Author  considers  the  view 
on  the  morphology  held  by  last-mentioned  writer  as  the  only  tenable  one. 

Original  observations  on  proliferated  inflorescences  and  *  flowers.'  Proliferation 
of  both  primary  and  secondary  (*  floral  *)  axes  occurs.  Latter  consists  in  elongation 
of  an  axillary  axis  on  which  the  two  ovules  are  situated  laterally,  and  which  may 
produce  rudimentary  foliar  organs  both  above  and  below  insertion  of  ovules. 
Ovules  may  also  appear  as  rudimentary  foliar  organs  borne  on  the  axillary  axis. 
This  fact  appears  to  author  to  refute  the  axial  theory  of  ovule  of  l^ichler  and 
Strasburger,  and  to  support  the  foliolar  theory  of  same  put  forward  by  Cdakovsky. 
Value  of  metamorphogenesis  as  an  aid  to  determining  morphology  of  any  recondite 
structure  is  illustrated  in  case  of  Cephalotaxtu. 


8.  The  2forpIu)logi/  oj  the  Ovule.     An  Historical  Sketch, 
By  W.  C.  WonsDELt. 

Three  principal  views  as  to  morphology  of  ovule  have  been  held  : — 

1.  Axial  Theory* 

On  this  theory  the  ovule  is  ah  or^sran  of  axial  structure,  the  nucellus  represefif- 
ing  a  bud,  and  the  integuments  the  flrst-fbrmed  foliar  organs  thereof.  Chief  pro- 
pounders  of  this  view,  von  Mohl  (1851),  Sckacht  a869),  £ndUcher  and  Un^ 
(1843),  Aler.  Broun  (1660). 
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1>;  Ihltolar  Theory. 

On  this  theory  the  ovule  is  homologous  with  a  leaflet  of  a  carpel,  viz.,  the 
integuments  with  the  terminal  and  two  lateral  segments  of  the  leaflet,  and  the 
nucellus  with  an  emer^nce  borne  oil  the  upper  or  ventral  8ur£EM;e  of  the  former ; 
the  nucellus  is  thus  durectly  homologous  with  an  eusporangium,  such  as  that  of 
Anffioptetns.  Primitive  position  of  nucellus  or  sporangium  is  terminal  to  leaflet, 
as  is  case  in  normal  ovule,  where  the  homologue  of  leaflet  of  carpel  takes  the 
form  of  one  or  two  urceolate  Envelopes.  Case  of  Ferns  where  sporangium  is 
usually  borne  on  lower  surface  of  leaflet  Is  an  instance  of  progressive  metamor- 
phosis from  the  primitive  condition ;  here  the  green  leaflet,  or  its  receptacular 
representative,  is  the  homologue  of  the  outer  integument  of  the  ovule,  and  the  in- 
dusium  of  the  inner  integument  of  the  latter.  The  leptosporangium  of  most 
ferns  is  the  result  merely  of  the  ultimate  subdivision  of  the  eusporangium,  and  is 
homologous  with  a  trichome.  The  abnormalities  resulting  from  the  metamorpho- 
genesis  of  the  parts  of  the  ovule  are  the  decisive  and  only  reliable  sources  for 
determining  the  true  morphology  of  the  ovule.  Chief  propounders  of  this  theory 
are  JBr(mgniart  (the  founder,  1834);  Cram&r  (1864),  ^etafcovshg  (1874-1900), 
Eichler  (1876),  Warming  (18f8).  Of  tixese,  Celakovslr^  is  responsible  for  the 
formulation  of  the  tbeory  as  above  summarised. 

3.  Sui  generis  Theory. 

This  theory  holds  that  the  sjporaDgium,  with  its  homologae  the  nuoeUus,  is  an 
organ  sui  generisy  and  cannot  be  included  under  any  of  the  morphological  categories 
of  stem,  root,  leaf,  or  trichome.  The  intev^fuments  are  iww  structures  arising  on  the 
sporangium  or  nucellus.  The  abnormalities  are  of  no  permanent  value  for  deter- 
mining the  morphological  relationships  of  the  parts  concerned.  The  chief  up- 
holders of  this  view  are  Sachs  (1874),  Ooebel  (1887),  Schmitz  (1872),  Strasburger 
(1879),  Bmoer  (1894). 

9.  The  Histology  of  the  Sieve  Tubes  q/'Pinus.     By  A.  W.  Hill. 

The  sieve  tubes  of  Gymnosperms  have  been  previously  investigated  by  De 
Bary,  JanczewsM,  Russow,  Keinitz-GerloflT,  and  Strasburger  especially  with  refer- 
ence to  the  structure  of  the  sieve  plate  and  the  mode  of  communication  between 
adjoining  sieve  tubes. 

The  present  researches  have  proved  that  the  results  obtained  by  Russow  are,  in 
the  main,  correct ;  for  it  has  been  found,  as  he  describes,  that  ^e  mature  sbve 
plate  is  traversed  by  groups  of  callus  rods,  which  are  interrupted  at  the  middle 
lamella  by  median  nodules,  and  that  each  callus  rod  contains  from  three  to  seven 
striae — or  spots  if  examined  in  surface  view — ^which  are  strings  of  slime. 

With  questions  of  development  Russow  was  not  very  successful,  and  it  is  with 
them  that  the  chief  interest  of  the  research  lies. 

The  youngest  sieve  plates  or  pit-dosing  membranes,  which  could  be  examined, 
showed  '  connecting  threads '  like  those  in  ordinary  tissue ;  but  in  the  so-called 
'  boundarr  cells ' — i.e.)  the  youngest  thick-walled  sieve  tubes— a  change  takes  place, 
namely,  the  appearance  of  the  callus.  Callus  first  appears  on  one  surfitce  of  the 
sieve  plate,  at  the  places  where  the  groups  of  ^  connecting  threads '  occur,  and  it 
gradually  spreads  as  a  rod  along  a  group  of  the  threads  to  the  middle  lamella;  a 
similar  change  then  takes  place  on  the  other  side  of  the  lamella.  The  lamella 
itself,  however,  is  not  converted  into  callus,  but  a  refractive  median  nodule  appears 
separating  the  two  portions  of  the  callus  rod. 

AcccMnpaayiBg  this  diuige  the  ]»roto]dasmic  threads  become  converted  into 
slioe  strings*  A  similar  state  of  things  obtains  in  part  with  the  neves  between 
the  mve  tubes  and  the  albuminous  ceSs. 

The  changes  just  described  are  without  doubt  due  to  the  action  of  fer- 
ments, wiiich  traTeUing  alone  th*  threads  convert  them  into  slime  strings  and 
at  the  same  time  alter  the  celMose  portion  of  the  pit*clo8ing  membrane  in  their 


Digitized  by 


Google 


836  BEPORT— 1901. 

neighbourhood  iuto  callus,  forming  the  callus  rods,    llie  subeeqaeDt  increase  U 
the  callus  to  form  the  callus  cushions  is  due  to  the  actlTity  of  the  protoplasm. 


10.  Report  on  Fertilisation  in  Phceophycece, — See  Reports,  p.  448. 


11.  Report  on  the  Morphology ^  Ecology ^  and  Taxonomy 
of  tJic  Podostemacece, — See  Reports,  p.  447. 


FRIDAY,  SEPTEMBER  13. 
The  following  Papers  were  read: — 

1.  On  Correlation  in  the  Grotvth  of  Roots  and  Shoots. 
By  Professor  L.  Kny. 

The  objections  made  to  the  author's  former  paper  on  the  same  subject  *  bt 
Heering  *  are  here  criticised.  If  in  his  first  paper  he  only  gave  the  final  result  of 
his  experiments  and  not  the  detailed  steps  by  which  the  first  result  was  brought 
about,  he  did  so  because  the  removal  of  the  root  or  of  the  shoot  from  the  sew- 
lings  must  at  first  cause  a  shock  to  the  organism  and  disturb  its  development, 
quite  independent  of  any  correlation.  This  anticipation  was  shown  to  be  true  by 
the  careful  studies  of  Townsend.^ 

Of  the  experiments  which  he  made  after  the  publication  of  his  first  paper  he 
quotes  one  with  respect  to  cuttings  of  Ampelopsis  quinquefolia.  From  this 
experiment  it  follows  that,  just  as  in  the  cuttings  of  Salix  acttminaia  and 
S.  purpurea y  the  continual  removal  of  the  young  shoots  was  soon  followed  bv  a 
less  vigorous  development  of  roots,  and  vice  versa.  There  is,  however,  this  differ- 
ence  to  be  noted,  that,  whereas  in  ^aliv  the  retarding  influence  is  to  be  detect*^ 
first  in  the  roots,  in  Ampelopsis  there  are  the  shoots,  which  in  this  case  proved 
themselves  to  be  more  sensitive  than  the  roots. 

The  paper  will  be  published  iu  full  in  the  *  Annals  of  Botany. 


2.  The  Bromesand  ticeir  Brown  Rust.   By  Prof.  Marshall  Wahd,  F.B.S. 

The  author  has  been  for  some  time  occupied  with  the  grasses  of  the  genus 
Bromus  and  the  behaviour  of  the  uredo  of  tne  brown  rust  (Puccinia  dispersa) 
upon  them.  The  work  has  entailed  careful  examination  of  the  seeds  and  seedlinsrs 
ot  a  large  number  of  European  and  foreign  Bromes  and  critical  analyses  of  the 
anatomical  and  morphological  characters  used  in  the  systematic  botany  of  the 
group. 

The  plan  of  the  investigation  includes  the  nature  of  infection  and  conditions 
of  attack,  and  all  discoveraole  relations  between  host  and  parasite. 

The  germination  of  the  grass  seeds  has  led  to  interesting  points.  They  can  be 
treated  antiseptically  in  various  ways  and  grown  as  pure  cultures  in  nutritive 
solutions  in  glass  tubes  of  various  shapes,  designed  either  to  allow  of  the  con  tio  nous 
aeration  of  the  plantlet  by  a  current  of  filtered  air  drawn  through  by  aspirators,  or 
not. 

Such  pure  cultures  of  the  grass  were  then  infected  with  uredo-«pore8,andint^ 
to  twelve  days  gave  rise  to  pure  cultures  of  the  uredo,w}ni6h  germinated  and  infected 
other  similarly  pure  cultures  of  the  grass  inoculated  with  them.    Control  cultoret 

»  Ann.  Bot.,  viii.  1894,  p.  265.  »  Jahrh.f.  w.  Bat.,  aix.  1896,  p  i32. 

•  Ann.  Bat.,  zi.  .1897,  p.  609  fi. . 
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ID  tubes,  but  not  infected,  gave  rise  to  no  uredo,  even  if  raised  from  the  seeds  of 
diseased  plants.  The  i^ustules  of  uredo  only  originate  at  that  spot  on  the  leaves 
where  the  uredo-spores  were  sown. 

These  results  lend  oo  support,  therefore,  to  any  hypothesis  of  internal  or 
seminal  infection. 

Long  series  of  sowings  were  made  to  test  the  conditions  of  germination  of 
the  uredo-spores,  for,  strange  as  it  may  seem,  little  attention  has  been  paid  to  this 
matter.  The  minima  and  maxima  temperatures  of  germination  are  about  10°  C.  and 
27^-5  C.  respectively,  the  optimum  being  about  18^0.  Many  failures  in  infections 
ate  due  to  the  non-germination  of  the  spores  in  hot  weather. 

The  effects  of  light,  of  other  organisms  (e.y.,  Algsd),  of  various  extracts,  and  of 
the  age  of  spores,  &c.,  were  also  examined. 

The  ureao-spores  may  be  frozen  for  ten  minutes,  but  will  not  recover  alter  two 
hours'  freezing. 

Infection  experiments  on  pot  plants  were  made — several  hundreds  in  all — 
on  twenty-one  species  or  varieties  of  Bronius, 

The  general  results  are,  put  very  shortly,  as  follows :  Although  the  uredo 
examined  is  in  all  morphological  respects  absolutely  identical  on  all  the  species  of 
Bramue  on  which  it  occurs,  nevertheless  if  spores  gathered  from  B.  sterilis  are 
sown  on  B,  ffiollis  the  infection  fails,  whereas  spores  of  the  same  batch  sown  on 
B.  sterilis  infect  normally  and  rapidly.  And  similarly  in  other  cases.  Spores  from 
B,  mollis  readily  infect  B,  mollU,  and  (lees  certainly)  its  allies  B,  secalinm  and 
B.  velutinus,  B,  arvensis  and  others  of  the  Serra/alcus  group ;  but  they  fail  on  B, 
tnaximus,  B,  tedorum,  B,  sterilis^  B,  madi'itensis,  &c.— the  Stenobromus  group— and 
so  with  other  cases. 

[Tables  I.  and  II.] 

In  the  annexed  tables  (I.  and  II.)  are  tabulated  the  results  obtained  in  seven 
of  the  experimental  series.  The  tables  explain  themselves,  but  it  may  be  well  to 
note  that  the  species  of  Bro7nus  employed  as  host-plants  have  here  been  arranged 
in  similar  order  throughout  in  order  to  facilitate  comparison.  Thus  B.  erectus  to 
B,  ciliatus  are  representatives  of  the  first  group  {Pestucoides) ;  B.  tectortan  to 
B,  maximuSf  inclusive,  of  the  second  group  (Stenobromus) ;  B.  secaliniLS  to  B. 
macrostachysy  incluf^ive,  of  the  third  group  (Serra/alcus) ;  and  B,  unioloides,  with 
which  B.  Schraderi  is  synonymous,  of  the  fifth  group  (Geratochloa).  The  author 
has  not  yet  had  time  to  examine  B.  arduennensis  (fourth  group),  and  in  a  few 
cases  the  series  of  experiments  are  too  few  for  any  statements  of  value  as  to  details. 
But  it  seems  clear  that  the  general  statement  is  sufficiently  proved  as  regards 
groups  2  and  3  at  least. 

The  series  selected  for  tabulation  in  the  foregoing  tables  are  only  a  few  taken 
from  the  numerous  sets  of  similar  experiments.  This  is  hardly  the  place  for 
reproduction  of  many  other  details,  but  m  order  to  give  some  idea  of  the  enormous 
amount  of  labour  involved  in  such  an  investigation,  another  table  (III.)  is  appended 
giving  a  summarjr  of  all  the  series  of  this  season's  pot-plants  imder  normal  condi- 
tions onlv,  exclusive  of  experiments  with  tubes  ana  with  extraordinary  conditions 
such  as  aiminished  mineral  supplies,  and  so  forth. 

Here,  again,  it  will  be  seen  that  the  general  accuracy  of  the  conclusions  put 
forth  is  fully  evident,  though  a  detailed  examination  of  the  series — conditions  of 
infection,  incubation,  &c. — is  necessary  for  the  explanation  of  one  or  two  apparent 
discrepancies — e.^.,  to  explain  why  the  percentage  of  failures  was  so  high  with  B, 
velutinus  infected  with  spores  from  B,  secalinus.  These  matters  must  be  left  for 
future  treatment,  and  in  some  cases  for  further  experiments  next  season. 

[TABLE  UI.] 

Thus,  in  the  annexed  Table  III.  we  see  that  eighty-five  plants  of  B,  mollis  were 
inoculated  with  uredo-spores  derived  from  B,  iKolliSf  of  which  sixty  (over  70  per 
cent.)  gave  positive  results,  i.e.,  actually  developed  pustules  at  the  spots  inoculated  ; 
but  it  should  be  noted  that  in  many  cases  here'  recorded  as  failures— because  I  put 
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AS  negative  all  cases  where  no  pustules  appear — distinct  flecks  were  formed  on  the 
leaves ;  eighty-four  plants  of  the  same  species  (-&.  molUs)  were  inoculated  with  spores 
derived  from  B.  sterilis  but  none  succeeded,  and  eight  w^^  tried  with  epores  from 
B.  eecalinus,  of  which  three  (37 '6  p«r  cent)  succeected  and  ^je  failed. 

Again,  looking  at  B.  sterilis^  we  find  that  eigbty-eix  out  of  ninety  attempts  to 
infect  this  species  with  spores  from  B.  mollis  failed,  whereas  sixty-eight  out  of 
eighty-four  (81  per  cent.)  attempts  to  inoculate  the  same  species  succeeded  when 
the  spores  used  were  derived  also  from  B,  sterilis.  All  t^e  eighteen  plants  inoen* 
lated  with  spores  fVom  B,  secaHnm  proved  immune. 

Having  regard  to  the  morphological  groups  of  these  Bromes,  it  is  found  tkit 
any  given  species  or  variety  is  most  easily  infected  by  spores  which  have  been 
grown  on  the  same  species  or  variety,  less  certainly  by  spores  from  allied  spedes, 
and  not  at  all  successfully  by  spores  from  a  species  in  another  group.  Some  in- 
teresting details  regarding  the  relations  between  host  and  parasite  in  infection  are 
also  to  hand. 

Three  stages  of  development  on  the  part  of  the  medo  must  be  distmgnished : 
(I)  The  germination  of  the  spore  and  development  of  the  germ-tube;  (2)  the  en- 
trance of  the  latter  as  an  infection-tube  through  the  stoma  of  the  grass ;  and  (3) 
the  growth  of  the  latter  into  a  branched  mycelium  in  die  intercellular  spae^  of 
the  host,  into  the  cells  of  which  it  sends  haustoria,  and  finally — about  the  tenth 
day  after  sowing — aoain  puts  forth  spores  as  it  breaks  oiit  tdrongh  the  stomata  in 
the  form  of  the  well-known  rust-pustules.  This  last  period  may  be  termed  the 
incubation  period. 

The  author  finds  thftt  various  exigencies,  especially  of  the  Weather,  afiect  the 
fungus  during  each  of  these  three  periods. 

Infection  may  fail  because  the  temperature  is  too  high  or  too  low  during  the 
germination  period,  or  the  germ-tubes  may  dry  up,  or  be  killed  in  other  ways. 

On  reaching  a  stoma  the  successful  entrance  of  the  genii-tube,  as  an  infecting 
tube,  depends  on  various  factors,  of  which  the  specific  nature  of  the  Brome  attacked 
is  an  important  one.  Taking  spores  derived  from  ^.  wioZ/w,  for  example,  their 
germ-tubes  appear  to  so  corrode  and  destroy  the  tissues  of  B,  sterilis  that  the  ^ 
where  the  sowing  is  made  turns  black  and  dies,  and  no  successful  infection  occurred ; 
on  B.  maximus,  B,  inennis,  and  others,  on  the  other  hand,  no  successful  ttttxk  i^ 
as  a  rule,  established  at  all. 

Even  when  the  infecting  tube  has  established  an  entrance,  several  events  may 
intervene  to  prevent  successfid  infection ;  i.e.,  the  formation  of  a  normal  inter- 
cellular mycelium  which  dominates  the  tissues  and  ultimately  breaks  forth  from 
the  stomata  again  as  pustules  with  fresh  crops  of  uredo-spores. 

If  the  host  is  starved  of  carbohydrates  by  partial  etiolation,  or  of  minerals  hj 
lack  of  supplies  in  the  soil,  or  by  interference  with  the  transpiration,  &c,  the 
mycelium — even  in  a  species  normally  quite  suitable  to  the  parasite — only  drags 
on  a  miserable  existence  and  has  not  strength  to  form  spores.  In  such  cases 
nothing  further  results  than  the  development  of  pale,  feeble  flecks  on  the  leaf. 
The  same  thing  occurs  in  some  partially  immune  species,  even  though  flourishin(r> 
evidently  owing  to  the  refusal  of  the  cells  to  allow  the  mycelium  to  dominate 
their  life. 

These  antagonistic  reactions  of  the  host-plant  are  not  due  to  any  stmetoral 
peculiarities  discoverable  by  the  microscope ;  nor  is  it  a  simple  matter  of  the 
excretion  of  any  poisonous  soluble  constituent  of  the  sap,  judging  from  the  erpetf- 
ments  in  which  uredo-spores  derived,  for  example,  m>m  B,  mollis  germinated 
satisfactorily  in  both  boiled  and  unboiled  aqueous  extracts  of  the  leaves  of  B,  sterilis^ 
which  had  been  previously  filtered  through  stone  filters  under  pressure.  In  addi- 
tion to  the  case  of  successful  and  normal  infection,  therefore,  three  distinct  cases 
of  failure  to  infect  can  be  distinguished :  (1)  in  which  the  preliminary  establish- 
ment of  an  infecting  mycelium  is  assured,  l)ut  this  remains  dormant,  i^t  fails  to 
dominate  the  living  oslls  of  the  leaf,  and  oody  a  pale  yelldwisli  flaek  results;  (^  in 
which  the  attack  of  4iia  germ-tube  is  to  vigorous  that  it  kills  the  gVMed/^Q^  w 
tissues,  and  producea  a  black  corrosion  spot  in  whidi  the  paraai^.caa  tt#l«  JW 
progress ;  (3)  complete  immunity ;  the  parasite  &ils  to  get  Knf  hold  ob  |he  Isaf 
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at  all,  and  the  latter  is  as  green  and  healthj^-lookiDg  at  the  end  of  the  normal 
incubation  period  as  before  inoculation. 

These  obeervKtions  lend  ilo  support  to  either  the  My  ooplasm  theory  of  Eriksson, 
or  to  any  theory  which  attempts  to  explain  outbreaks  of  rust  to  intra-semiDal 
infection  handed  down  from  parent  to  offspring,  and  the  author  believes  that  the 
difficulties  hitherto  met  with  in  understanding  the  sudden  epidemics  of  these 
rust-diseases  will  disappear  as  we  gain  exact  information  of  the  conditions  of 
germination,  infection,  and  incubation  of  the  diaease-producing  paraate ;  as  also 
of  its  habits  of  lurking  in  the  older  leaves  of  the  grass  in  spots  where  the  produc- 
tion of  a  very  few  spores — quite  invisible  on  a  casual  overhauling  of  the  grass — 
prepares  the  way  for  more  extensive  infection  as  the  weather  changes. 

On  the  other  hand,  they  throw  considerable  light  on  the  question  of  adaptive 
parasitism,  and  show  that  the  previous  nutrition  of  the  uredo-^pores  afiects  their 
parasitic  power,  with  regard  to  another  host-species,  in  much  the  tame  wav  that 
the  previous  nutrition  affects  any  other  disease  germ — e.^.,  certain  bacteria — or 
even  saprophytes — e.g.,  certain  yeasts  and  fungi.  If  onlv  one  in  a  million  of  the 
spores  once  manages  to  gain  a  hold  on  a  species  or  variety  hitherto  immune,  its  spore 
progeny  can  now  successfully  attack  that  species  or  variety;  and  in  propoHion  as  it 
oecomes  more  and  more  specially  adapted  to  life  in  the  tissues  of  this  new  host 
will  it  find  difficulties  in  going  back  to  its  old  host  or  forwards  to  another,  and 
so  on. 

3.  Tke  Pdutt  History  of  the  Yew  in  Great  Britain  mid  Ireland,^ 
By  Professor  H.  Conwentz,  J>anzig, 

Many  years  ago  the  author  studied  the  distribution  of  this  species,  and  he  Las 
inquired  as  to  the  causes  of  its  disappearance  in  nearly  all  the  countries  of  the 
middle  and  north  of  Europe;  also  in  the  British  Isles.  It  is  bis  opinion  that 
there  are  three  points  which  prove  a  previous  wider  distribution,  viz.,  sub-fossil 
remains,  prehistoric  and  historic  antiquities,  and  place-names.  By  microscopical 
examination  he  has  found  a  great  number  of  sub- fossil  yew  trees  from  submerged 
forests  and  other  localities  in  England  and  Ireland.  Then  he  has  examined  the 
prehistoric  wooden  boxes,  buckets,  &c.,  in  the  British  Museum,  London,  in  the 
Science  and  Art  Museum,  Dublin,  &c.,  and  he  has  identified  more  than  thirty 
with  Tetxus,  Attention  is  drawn  to  the  names  of  uninhabited  places,  which  in 
former  times  were  very  often  called  after  indigenous  trees.  He  has  made  out  a 
number  of  some  hundreds  of  English,  Scottish,  and  especially  of  Irish  place- 
names  from  the  yew  which  are  not  unworthy  of  being  considered  by  botanists. 
Guided  by  the  names  of  such  localities  in  Germany,  he  has  dug  into  the  ground, 
and  has  found  flUl>>fossil  remfdns  of  the  yew.  Therefore  he  has  suggested 
researches  of  this  kind  also  in  the  British  Isles,  and  he  would  be  glad  to  get  small 
pieces  of  bog  wood  for  examination. 

The  genus  is  not  of  a  considerable  geological  age,  as  nearly  all  Tertiary 
remains  described  under  the  name  of  Taxus  are  not  yew. 


4.  On  the  Distribution  of  Certain  Forest  Trees  in  Scotland,  as  shotvn  hy  the 
Imestiyation  of  Post-Glacial  Deposits.    By  W.  N.  Nivek. 

The  information  has  been  chiefly  obtained  from  occasional  references  in  many 
topographical  books  of  Scotland  to  the  discovery  of  various  trees  in  particular 
districts. 

The  following  are  some  of  the  volumes  (about  seventy  in  number)  from  which 
information  has  been  derived  :— 

*  New  Statistical  Account.*    15  volumes.    1845. 

*  Old  Statistical  Account.'    21  volumes.    179  U99. 

1  The  paper  will  be  published  by  the  Boyal  Irish  Academy. 
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*  A  Practical  Treatise  on  Peat  Moss.'    Anderson.    1794. 
'  Edinburgh  Philosophical  Journal.'    Volumes  iii.,  vii. 

*  Transactions  of  the  Royal  Society  of  Edinburgh/    Volume  ix. 

*  Transactions  of  the  Inverness  Scientific  Society.'    Volume  iii. 

*  Vertebrate  Fauna  of  Moray.' 

*  Cairngorm  Club  Journal.' 

'  Pennant's  Tour  in  Scotland.'    1760. 

'  Woods,  Forests,  and  Estates  of  Perthshire.'    Thos.  Hunter. 

'  Transactions  of  the  Buchan  Field  Club.'    Volume  iv. 

*  Transactions  of  the  Dumfries  and  Galloway  Natural  History  and  Antiquarian 
Society.' 

'  Annals  of  Scottish  Natural  History.'    Nos.  23-26. 

*  Tour  through  Orkney  and  Shetland.'    G^eorge  Low.     1774. 

*  My  Schools  and  Schoolmasters.'    Hugh  Miller. 

'  Edinburgh  and  its  Neighbourhood.'    Hugh  Miller. 
'  Origin  of  the  British  Flora.'    Clement  Reid. 

*  Great  Ice  Age.'    Prof.  James  Geikie. 

*  Prehistoric  Europe.'    Prof.  James  Geikie. 
And  others. 

The  following  trees  have  bee?  discovered : — Hawthorn,  elder,  common  ash, 
birch,  alder,  hazel,  oak,  willow,  yew,  and  fir,  all  of  which,  with  the  exception  of 
the  ash,  are  considered  natives  of  Scotland.  The  cones  of  the  silver  fir  have  been 
dug  out  of  the  peat  in  Orkney,  but  this  tree  is  not  now  indigenous  to  Scotland. 
Several  shrubs,  including  the  juniper  and  raspberry,  as  well  as  many  fiowering 
plants,  have  also  been  discovered. 

On  a  map  prepared  by  the  author  the  localities  are  marked  where  the  various 
trees  have  been  found.  The  records  are  probably  not  complete,  but  are  sufficient 
to  show  the  distribution. 

It  will  be  seen  that  there  are  few  parts  of  Scotland,  however  treeless  at  the 
present  day,  that  were  not  in  remote,  and  even  in  comparatively  recent  times 
covered  with  woodlands.  This  is  also  shown  by  the  place-names.  As  regards 
the  special  trees : — 

The  oak  is  very  widely  distributed.  Its  most  northern  occurrence  ia  Ciuthnefls- 
sbire,  and  it  is  recorded  in  every  other  county.  It  has  even  been  found  in  the 
peat  bogs  in  the  now  treeless  islands  of  Lewis  and  Tiree. 

It  is  interesting  to  note  that  many  of  the  oaks  have  been  found  at  high  altitudes, 
e,ff.,  800  feet  above  sea-level  (parish  of  Croy,  Inverness-shire),  and  of  considerable 
&ize,  c.ff.j  70  feet  in  length  (Drumcrief). 

The  Scots  fir,  probably  the  Finm  sylvestrisy  is  another  widely  distributed  tree. 
It  is  common  in  the  Northern  Counties,  in  the  Orkneys  and  Lewis,  in  all  Uie 
Midland  Counties,  with  the  exception  of  Forfar  and  Fife,  but  in  the  Southern 
Counties  it  is  only  recorded  in  Renfrew,  Edinburgh,  Roxburgh,  Dumfiies,  and 
Wigtown. 

The  hazel  has  been  found  in  the  submerged  forests,  and  in  man^  other  parts  of 
the  mainland,  as  well  as  in  the  Orkney  and  Shetland  Islands  and  in  many  of  the 
Western  Isles.  No  record  has  been  found  of  its  occurrence  in  Sutherland,  but 
throughout  the  Midlands  it  is  fairly  plentiful,  and  in  the  Lowlands  it  has  been 
noted  in  all  the  counties,  with  the  exception  of  Haddington,  Linlithgow,  Selkirk, 
Dumfries,  and  Wigtown. 

The  birch  is  recorded  in  the  Orkney  and  Shetland  Islands,  and  in  the  majority 
of  the  counties  from  Caithness  to  Wigtown. 

Regarding  the  other  trees  few  records  have  been  discovered.  The  alder  is 
recorded  from  Lewis,  Banff,  Aberdeen,  Kincardine,  Perth,  Fife,  Argyll,  Lanark, 
and  Edinburgh.  Willows  ^species  unknown)  are  noted  in  both  Cuthnetsand 
Sutherland.  Thev  have  also  been  obtained  from  the  peat  bogs  in  Renfrew,  Lanark, 
and  Roxburgh.  The  ash  is  generally  xegaided  as  a  probaUe  native  in  the  aoatb. 
of  Scotland. 
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Hugh  Miller,  in  <  Edinburgh  and  its  Neighbonrhood/  makes  reference  to  finding 
<  what  appears  to  be  ash  Mn  the  brickclays  of  Portobello.  It  is  also  recorded  from 
the  mosses  in  Balhintrae,  Ayrshire,^  and  Bowden  Parish,  Roxburghshire.^  Then, 
again,  many  of  the  implements  found  in  Southern  Crannof^  are  reported  to  be 
made  of  ash  wood,  but  it  must  also  be  regarded  as  indigenous  m  Northern  Scotland 
if  we  accept  its  occurrence  in  the  Bay  of  Keiss,  Caithness-shire,  mentioned  by  the 
writer  on  Caitiiness  in  the  '  New  Statistical  Account'  (vol.  xv.  p.  129). 

The  only  records  of  the  occurrence  of  the  hawthoni,  yew,  and  elder  have  been 
obtained  from  Edinburghshire. 

In  conclusion,  the  evidence,  which  is  obtained  by  the  examination  of  the  various 
post-Glacial  deposits,  indicates  in  a  very  clear  manner  that  the  trees  recorded  should 
be  considered  truly  indigenous  to  Scotland. 


Frofesgor  J.  Reynolds  Green,  M.A,,  F.R.S,^  delivered  a  Lecture  on 
Flesh-ecUing  Plants, 


6.  Contributions  to  our  Kiuywledge  of  the  Oametophyte  in  tlte  Ophioglossales 
and  Lycopodiales,    By  William  H.  Lang,  M.B,y  D.Sc, 

1.  The  prothalli  of  Ophioglos^um  pendulum  and  Helminthostachys  zeylanica. 
The  wholly  saprophytic  prothallusof  O,  pendulum  was  found  in  humus  collected 


by  epiphytic  ferns  in  Ceylon.  It  is  at  first  button-shaped,  bat  by  branching  the 
older  prothalli  come  to  consist  of  a  number  of  short  cylindrical  branches  radiating 
into  the  humus.  The  apices  are  smooth  and  convex ;  the  surface  of  the  older 
parts  is  covered  with  short  unicellular  hairs.  Rhizoids  are  absent.  The  young 
prothallus  and  the  branches  are  radially  symmetrical.  In  the  older  parts  all  the 
cells  except  the  superficial  layers  contain  an  endophytic  fungus ;  nearer  the  apex 
the  central  strand  of  tissue  becomes  free  from  fungus.  The  prothallus  is  monoecious. 
The  antheridia  are  sunken,  with  a  slightly  convex  outer  wall  one  layer  of  cells 
thick ;  in  surface  view  this  shows  a  triangular  opercular  cell.  The  neck  of  the 
archegonium,  which  projects  very  slightly,  consists  of  about  sixteen  cells  in  four 
rows.  The  central  series  in  all  archegonia  yet  observed  consists  of  ovum  and  a 
single  canal  cell.    A  basal  cell  is  present. 

The  prothalli  of  Helminthostachys  were  found  a  few  inches  below  the  surface 
of  the  soil  in  a  frequently  flooded  jungle  in  Ceylon.  The  sporophyte  is  also 
abundant  in  drier  situations,  but  young  plants  found  there  were  of  vegetative 
origin.  The  prothalli,  which  have  not  been  observed  to  branch,  are  radially 
symmetrical.  The  smallest  were  stout  cylindrical  structures  the  lower  part  oi 
which  was  darker  in  tint  and  bore  rhizoids ;  the  upper  bore  the  sexual  organs, 
which  arise  acropetally  behind  the  conical  apical  region.  In  the  vegetative  region 
the  internal  cells  contain  a  mycorhizal  fungus ;  in  older  prothalli  this  may  extend 
into  the  lower  part  of  the  sexual  region.  In  prothalli  which  bear  archegonia  the 
vegetative  region  is  relatively  more  developed,  and  in  both  these  and  the  male 
prothalli  it  becomes  more  or  less  lobed.  An  imperfect  distinction  of  male  and 
female  prothalli  appears  to  be  the  rule,  but  both  archegonia  and  antheridia  may 
occur  on  the  same  prothallus.  The  antheridia  are  large  and  sunken ;  the  slightly 
convex  outer  wall  is  two-layered  except  at  the  places  where  dehiscence  may  occur, 
which  consist  of  single  large  cells.  The  archegonia  have  a  neck,  consisting  of  four 
rows  of  cells,  which  projects  considerably.  The  details  of  their  structure  have 
not  as  yet  been  made  out. 

2.  On  the  mode  of  occurrence  of  the  prothallus  of  Lycopodium  selago  at  Clova. 

The  sporophyte  of  this  plant  is  very  common  on  moors,  screes,  and  crags  in  the 
Clova  valley,  and  in  these  situations  seems  to  be  reproduced  almost  entirely  by 

*  Ifew  8taH$tieal  Account,  vol.  v,  p.  417.  ?  Jhid.,  vol.  iii.  P.  36. 
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means  of  bulbils.  On  the  sometimes  submeiffed  margin  of  Loch  Brandy,  hovever, 
numerous  sexually  produced  plants  and  pro^alli  can  be  fbund  growing  in  the  aoQ 
between  the  stones.  The  difierenoe  in  the  conditions  under  wmeb  the  ^arophjti 
ean  exist  and  those  necessary  for  the  suoeessfdl  germination  of  the  ipores  ia 
uialogous  to  what  has  been  found  to  be  the  case  fta  Mehninthattmeki^, 

3.  On  some  large  prothalli  of  LycopodiuM  cemvwim* 

The  prothalli  of  this  plant,  described  by  Trenb,  were  of  small  size,  one  of  the 
largest  measuring  2  mm.  in  height  by  1  mm.  across.  On  the  banks  of  roads  elow 
to  Kuala  Lumpur  much  larger  prothalli  were  found.  They  wore  eahs^liks 
structures,  of  a  deep  velvety  green  colour,  about  2  mm.  in  vertioal  thioknesi,  hot 
measuring  sometimes  6  mm.  across :  they  were  attached  to  the  soil  by  Bumerooi 
rhizoids  springing  from  the  flat  base.  Such  specimens  have  lost  all  trace  of  the 
definite  form  wUch  sometimes  characterises  the  smaller  prothalli,  and  are  of 
interest  for  comp^ison  with  the  large  piothfiUus  next  deseiiW. 

4.  On  the  prothallus  of  Fsilotum. 

The  prothallus  of  this  plant  was  searched  for  without  success  in  Ceylon.  The 
spprophyte  occurred  on  tree-fern  trunks  on  Maxwell's  Hill  in  Perak,  aud  a  single 

?rotballus  was  found  there  embedded  among  the  roots  of  the  tree-fern  close  to  s 
^silotvm  plant.  No  other  plants  grew  on  this  tree-fern,  and,  although  a  few 
species  of  Lye<ypodium  occur  sparingly  in  the  locality,  there  seems  a  stroDg 
probability  in  favour  of  this  specimen  being  the  prothallus  of  Psilatwn.  The 
specimen  measured  one  quarter  of  an  inch  in  height  by  ^  inch  across  at  the 
widest  part.  It  oonsists  of  a  cylindrical  lower  region  covered  with  rhiscuds ; 
near  the  lower  end  of  this  is  a  well-marked  conical  projection  (primary  tubercle). 
The  upper  part  widens  out  suddenly,  and  its  thick  overhanging  noaigin  bent 
numerous  antheridia.  The  summit  of  the  prothallus  is  depressed  and  smooth.  In 
general  form  the  prothallus  resembles  some  small  specimens  of  Lycopodiim 
cemuum,  but  the  upper  region,  from  whioh  assimilating  lobes  are  absent,  nnde  its 
closest  analogue  in  protballi  of  X.  olavatum. 


7.  N^ote  on  an  Ophioglossam  collected  by  Mr,  Ridley. 
By  Professor  P.  O.  Bowee,  F.R,S. 

Professor  Bower  exhibited  a  specimen  of  Ophio§lo$tiHm  mmpkXf  n.  sp.,  collected 
by  Mr.  Ridley  in  Sumatra  and  handed  to  the  author  by  Professor  P.  Qroom.  It 
appears  to  be  entirely  without  the  sterile  leaf-lobe,  though  the  fertile  spike  u 
characteristically  that  of  an  OpMoylouum,  If  it  is  actuuly  demonstrated  that 
the  sterile  lobe  is  really  absent,  this  peculiar  plant  may  give  rise  to  considerable 
morphological  discussion. 

8.  Abnormal  Secondary  Thickening  in  K^ndriokia  Walkeri,  Hods,  /. 
By  Miss  A.  M.  Clark. 

1.  Kendrickia  Walkeri^  Hook,  f.,  one  of  the  Melastomace»i  is  a  trofiical 
epiphytic  climbing  shrub. 

2.  The  anatomy  of  the  young  stem  is  typical  of  the  family  Melastomacen. 

3.  At  a  fairly  early  sU^ce  numerous  small  patches  and  aev^id  large  wedgs^ 
shaped  areas  of  thin- walled  unlignified  wood^parenchyma  are  Q^t  off  from  tne 
inner  side  of  the  completely  circular  cambium  nng. 

4.  Tylosis  is  of  nequent  occurrence,  and  the  tylosed  cells  may  develop  into 
sderotio  celk  inside  the  vessels  and  traobeids. 

5.  Later  the  imlignified  wood-parenchyma  cells  at  the  central  mar^m  of  the 
wedge  area  take  upon  themselves  new  growth  accomnanied  h^  cell  divinoQ, 

file  product  oi  this  new  growth  proceeds  to  split  the  axial  woody  ring  into  a 
yarding  number  of  ^tions,  partly  by  forcing  a  Wf^  between  vow«  of  acyoBiiii^ 
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traoheids  and  partiy  bj  tyloses  into  tracheids  and  vessels,  utilising  the  space 
contained  in  the  lumen,  with  subsequent  destruction  of  the  identity  of  these  wood 
elements. 

6.  Later  the  quiescent  cambium  lying  between  the  original  internal  pbloem  and 
the  axial  woody  ring  takes  upon  itself  new  growth,  and  proceeds  to  lay  down 
xylem  on  the  one  side  t^nd  phloem  on  the  other. 


SATURDAY,  SEPTSMBER  U. 
The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  10. 

A  joint  Discussion  with  Section  L  on  'The  Teaching  of  Botany'  was  opened 
by  the  reading  of  the  following  Papers : — 

i.  The  Teaching  qf  BoUmy  in  Sohadg,    By  Habolp  Waobii. 

Discussion  is  invited  on  the  following  topics : — Place  of  botany  in  the  school 
curriculum  as  compared  with  chemistry  and  physics.  Its  importance  as  an 
educatiopal  subject ;  as  a  training  in  scieptifip  Qiethod.  Amount  of  time  avail- 
able for  it. 

Choice  of  botanical  topics  suitable  for  schools.  Eight  selection  important.  It 
is  not  possible  or  desirable  to  explore  the  whole  field  of  botany.  'Intelligent 
knowledge  of  a  few  truths'  required  rather  than  an  Jiaperfect  acquaintance  with 
a  vast  number  of  facts.  Among  the  various  topics  which  will  be  found  usefUl  in 
the  school  course,  experimental  plant  physiology,  especially  in  connection  with 
nutrition,  respiration,  and  transpiration,  is  probably  one  of  tbe  pjiost  valuable.  ^  It 
affords  an  excellent  training  yjx  observation,  experimental  manipulation,  drawing 
conclusions  from  facts  observed,  weighing  evidence  for  and  agamst  them,  and  in 
neatness  and  accuracy. 

Equipment.  Simple  laboratory  and  fittings.  Class-room  accommodation. 
Apparatus. 

Methods  of  teaching.  The  pupil  should  be  led  through  his  own  experiments 
and  observations  to  come  to  conclusions  for  himself.  The  work  done  in  the 
laboratory  should  precede  any  discussion  of  it  in  the  class-room.  Experimental 
work  should  not  be  merely  illustrative  of  the  lecture  or  text-book.  As  Spencer 
says>  pupils  'should  be  told  as  little  as  possible  and  induced  to  discover  as  much 
as  possible.'  Records  of  experiments.  Importance  of  drawing.  Time  required 
by  the  teacher  for  the  preparation  of  experimental  lessons.  Field  work.  Collect- 
ing and  collections.    Models. 

ii.  The  Teaching  of  Botany  in  UniversiHes, 
Noisa  by  Professor  F.  O.  Bowbr. 

TrelinUmrifs, — As  matters  stand  a^  present,  no  previous  study  of  boti^ny  by 
the  student  on  entry  to  the  university  can  he  presupposed  ;  a  knowledge  of  plants 
by  field  collection  is,  however,  most  desirable,  as  well  as  by  such  teaching  as 
suggested  by  ^v,  Wager  in  so}iools ;  bvit  miorosoojpio  work  in  schools  is  nut  to  be 
encouraged :  the  tiIn^  wo\4d  be  better  employed  in  acquiring  eve^i  the  Rudiments 
of  Frepel^  and  Germa^.  Th^s  ipder  present  conditions  any  junior  class  in 
botany  in  a  university  wUl  peceaaarily  be  mixed,  as  regards  previous  knowledge  and 
scientiQc  i^ethod;  a^  n^Hch  ^s  in  intellectual  power  of  the  individuals,    {n 
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lecturing  aim  not  at  the  highest  nor  the  lowest  intellects,  but  so  as  to  keep  thoss 
about  20  per  cent,  down,  with  their  minds  at  full  stretch. 

Protest  against  so-called  '  elementary  biology'  atf  an  introduction  to  the  stndy 
of  botany.    It  was  merely  a  weak  concession  to  circumstances. 

Elementary  course  should  be  attended  by  all,  even  by  those  who  already 
profess  some  Imowledge  of  the  subject  acquired  at  school,  for  this  course  should 
be  a  general  and  methodical  foundation  for  the  study  on  the  advanced  staffe, 
morphological,  anatomical,  physiological,  and  systematic.  The  length  of  the 
course  should  be  not  less  than  fifty  lectures  and  a  hundred  hours  of  laboratory 
work  closely  connected  with  the  subject-matter  of  the  lectures.  Observation  with 
the  simple  lens  and  drawinp^  the  results  should  bulk  more  largely  than  it  does  at 
present  in  laboratory  teaching.    Microscopic  observation  has  been  overdone. 

Advanced  courses  should  treat  of  special  branches  of  the  science,  and  not  try  to 
be  generally  encyclopsBdic.  Each  course  should  lead  the  student  of  that  special 
branch  up  to  the  limit  of  present  knowledge,  with  ample  reference  to,  and  present- 
ment of,  current  memoirs ;  thus  the  pupil  will  be  introduced  to  the  special  litera- 
ture of  the  science,  and  learn  how  to  extend  it.  Laboratory  and  herbarium  and 
museum  work,  ranging  over  as  wide  an  area  of  illustration  as  possible,  should 
accompany  each  special  course. 

Advanced  studentK  should  be  left  largely  to  themselves,  and  thus  learn  to  think 
and  act  independently :  the  object  of  the  student  attending  advanced  courses 
should  be  not  so  much  to  acquire  information,  as  to  learn  scientific  method,  and 
how  to  investigate.  Microtomes  should  be  accessories,  not  the  divinities,  of  the 
laboratory. 

Research, — All  are  not,  and  cannot  be,  investigators.  Professors  should  be 
discreet  in  encouraging  research.  At  present  the  results  of  investigation  are  given 
too  prominent  a  place  in  selection  for  preferment.  Hence  the  rush  to  '  investi- 
gate '  whether  fit  lor  it  or  not.  The  result  is  many  barren  publications,  and  some 
disappointed  lives. 

Kesearch  should  not  be  begun  too  early,  nor  be  pursued  to  the  exclusion  of 
continued  general  improvement  in  the  science.  Professors  should  have  no  com- 
punction in  stopping  the  unfit. 

The  presentment  of  the  results  of  research  in  good  literary  form  is  a  first  duty 
of  the  investigator ;  there  is  too  much  voiding  of  mere  laboratory  notes,  and  too 
much  prolix  writing;  an  abstract  should  always  be  given.  Advocate  the  study 
of  classical  papers  as  models. 

In  the  aoove  notes  no  mention  has  been  made  of  the  general  administrativs 
duties  of  a  professor  apart  from  the  teaching  of  botany. 


The  following  Papers  were  read : — 

1,  Notes  on  Preserving  cmd  Preparing  Plants  for  Museum  Purposes. 
By  H.  F.  Tagg. 

With  the  object  of  rendering  the  preparations  educationally  more  useful,  it  has 
been  the  practice  in  preparing  specimens  for  the  Museum  of  the  Royal  Botanic 
Garden,  Edinburgh,  to  name  the  different  organs  by  means  of  labels  and  pointers 
attached  to  the  specimen. 

A  preparation  of  the  kind  was  exhibited  in  1896,  but  the  many  inquiries  made 
since  regarding  the  preparation  of  the  specimens  prompted  a  genend  description 
of  the  methods  employed  alon?  with  a  statement  of  the  results  of  some  experiments 
which  led  to  the  adoption  of  these  methods. 

I.  Methods  of  Preserving. — Noticing  first  the  characters  of  plant  specimen  we 
may  wish  preserved,  the  separation  of  these  int^  characters  of  colour  ana  characters 
of  form  comcides  with  the  separation  of  the  methods  of  preserving  into  two  groups 
— preserving  by  drying  and  preserving  by  means  of  liquid  media.  Drying  tie 
plant  has  proved  the  only  method  satisfactory  for  the  preservation  of  the  colouis 
of  plants,  but  fails  commonly  when  applied  to  the  preservation  of  the  natural  form. 
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Liquid  preservatives  are  invaluable  for  the  preservation  of  the  form^  but  their  use 
involves  a  sacrifice  of  the  natural  colours. 

Characters  of  colour,  however,  have  not  as  a  rule  the  same  morphological  im* 
portance  as  have  characters  of  form,  so  that  preserving  by  drying  is  rarely 
resorted  to. 

Turning  to  liquid  preservatives,  all  do  not  preserve  the  form  of  plants  equally 
well,  and  it  is  important  to  distinguish  those  preserving  only  the  form  and  shape 
of  the  separate  parts  from  those  preserving,  not  only  the  form  of  the  separate 
organs,  but  the  relationships  of  the  parte  to  one  another  also.  Expressed  con- 
cretely, the  separate  leaves  on  a  twig,  their  shape,  substance,  and  form,  may  be 
well  preserved  in  a  ffiven  medium ;  but  unless  there  is  also  preserved  the  correct 
angle  at  which  the  leaves  stand  out  from  the  stem,  and  their  relationships  to  one 
another  in  leaf  symmetry,  then  the  preservation  of  the  form  of  the  specimen  is  of 
a  limited  kind.  Again,  the  value  from  this  point  of  view  of  any  preservative 
differs  somewhat  according  to  the  character  of  the  specimens  to  be  preserved. 
These  may  be  grouped  as  follows : — 

1.  Herbaceous  plants  and  organs  which  in  the  natural  state  owe  their  shape 
and  firmness  to  the  turgescence  of  the  cells  more  than  to  special  strengthening 
tissues.  Such  specimens  fia^^  and  become  soft  when  that  tuivescence  is  lost.  For 
these  st^ng  alcohol  has  given  by  far  the  best  results.  It  penetrates  quickly 
and  fixes  by  dehydration  the  shape  and  position  of  the  parts  before  changes  due  to 
loss  of  turgescence  occur.  Formaline  may  preserve  well  the  form  of  the  separate 
parts,  but  the  specimen  remains  soft  and  the  organs  flaccid  and  drooping. 

2.  Woody  structures,  twigs,  roots,  &c.  For  these  alcohol  or  an  aqueovs 
medium  answers  equally  well.  The  choice  of  one  or  another  is  determined  by  a 
consideration  of  the  ultimate  method  of  exhibition. 

3.  Succulent  plants,  succulent  fruits,  and  all  bulky  specimens  containing  rela- 
tively large  quantities  of  water.  Alcohol  if  employed  for  these  often  causes 
contraction.  Formaline  or  some  other  aqueous  medium  is  to  be  preferred,  as  such 
penetrate  less  readily  and  exert  a  less  energetic  attraction  for  the  contained  water. 

II.  Bleaching, — Specimens  which  darken  in  the  alcohol  or  formaline  in  which 
they  are  preserved  are  bleached  by  one  or  other  of  the  following  methods : — 
(a)  By  immersion  in  hot  or  boiling  water ;  (b)  by  means  of  acid  alcohol ;  (c)  by 
the  use  of  bleaching  solution  (hypochlorite  of  lime).  To  prevent  as  far  as  possible 
the  darkening  in  alcohol  the  specimens  are  immersed  in  the  preservative  as  soon  as 
gathered,  and  when  possible  exposed  at  once  to  direct  sunlight. 

III.  Mountinff,--^rhe  specimens  are  attached  to  thin  clear  gl^  by  means  of 
photoxylin  or  gelatine,  the  ^lass  beinff  cut  to  fit  the  rectangular  vessel  in  which 
the  specimens  are  to  be  exhibited.  The  back  of  the  vessel  is  painted  a  suitable 
colour,  or  coloured  glass  is  placed  behind  the  clear  glass.  Never  is  the  specimen 
mounted  direct  upon  blue  or  opal  glass,  as  this  renders  impossible  a  change 
of  background  should  the  continued  bleaching  or  darkening  of  the  specimen 
demand  it. 

The  naming  of  the  parts  of  the  specimen  is  accomplished  as  follows : — 

1.  The  parts  named  are  pointed  out  upon  the  specimen  itself  by  means  of 
pointers  made  of  thin  glass  tubes  containing  colouring  matter  to  render  them 
conspicuous;  or 

2.  A  photograph  or  drawing  of  the  specimen  is  made,  and  the  names  of  the 
parts  indicated  upon  this. 

2.  The  Anatomy  q^  Ceratopteris  thalictroides  (BrongnicMrt). 
By  Stbille  O.  Ford,  Neumham  College^  Cambridge. 

Ceratopteria  thalictroides  is  the  single  member  of  the  Parkeriacesa.  It  is  an 
annual  aquatic  fern  which  occurs  in  the  tropics,  either  rooted  in  the  mud  or 
fioatuig  fireely. 

The  stem  is  much  reduced ;  sterile  as  well  f^  fertile  leaves  a^  found,  botl^ 
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kincU  beariiMj^  x^wnerous  vegetative  buds.  The  apoiangia  are  soattesed  on  the  under 
aide  of  the  fertile  leaves,  and  have  no  true  indasium.  The  roota  in  the  matqM 
plimt  ame  from  the  baaea  of  the  petiolea. 

T|^e  vaaoular  bundles  in  the  petiole  are  arranged  i|i  two  conoentrio  ringa,  the 
outer  ring  bein^f  the  larger;  each  individual  bundle  has  a  bi-collateral  strooture. 

The  stem  la  polystelic,  an  outer  ring  of  large  atelea  and  an  inner  grronp  of 
amaller  ones  being  found.  The  structure  of  each  bundle  ia  bi*oollatmL  In 
young  stems  the  ateles  are  all  the  same  eiae,  the  bundlea  of  the  first  IsAvea  and 
roots  of  the  joun^  plant  being  in  dose  connection  with  thoae  in  the  stem.  1^ 
apex  of  tbe  atem  is  m  the  form  of  a  cone  with  a  three^ded  apical  cell. 

The  roots  have  a  single  stele  and  several  air«paaeagea.  The  latter  ariM  aa 
splits  between  cells  at  a  short  distance  below  the  three«aided  apical  cell. 

The  v^tative  buds  arise  from  a  single  cell.  The  epical  cone  is  at  first  very 
broad,  with  a  three-sided  apical  cell.    In  older  buds  the  apex  gradually  narrows. 

Ceratopteris  has  more  strongly  marked  affinities  with  the  Polvpodiaoe»  than 
with  any  other  of  the  Leptosporangiate  ferns.  It  has  slighter  amnitiea  with  the 
Marailiace^Bi  and  may  possibly  be  intermediate  in  position  between  these  two 
orders. 


3.  An  Apparatus  far  Stvdying  the  Rate  of  Flow  of  Solutions  in  Plani 
Stems.  By  liiCRARD  J.  Anderson,  M.A.y  U.D.^  Professor  o/NcUural 
History y  Queers  College^  Galtvay, 

The  agents  producing  the  circulation  of  fluids  in  plants  have  been  regarded  as 
mainly  physical.  Osmosis,  capillarity,  the  removal  of  the  fluid  by  transpiratbn, 
chemical  changes  in  the  tissues  and  fluids,  and,  if  some  biological  faetora  be 
added  that  work  out  the  details  of  dbtribution,  the  agents  are  weU-nigh  cata- 
logued. Vital  force,  if  one  may  use  the  terpij  ^nd  the  change  from  hquid  to 
gas,  and  the  reversing  of  this  process,  have  failed  to  explain  the  rise  of  fluid 
in  stems  to  a  height  of  200  to  300  feet  above  the  earth.  It  is  therefore  of 
interest  to  study  the  conditions  under  which  aolutiq^a  traverae  atema.  Two 
methods  of  sti^djing  the  laws  of  transmission  naturally  suggest  themselves.  ▲ 
water*head  may  be  secured  by  placing  a  box  at  a  level  sufficiently  high  to  secure 
the  desired  pressure  and  a  portion  of  the  stem  to  be  examined  connected  by  a 
suitable  tube  to  the  reservoir ;  or,  imitating  the  force  of  transpiration,  a  aucoon 
force  set  up  by  means  of  an  aspirating  reservoir  may  he  employed.  I  have  used 
the  following  method :  \  rod  four  feet  long  is  fixed  at  its  centre  to  i^  rotating 
axis.  The  axis  is  caused  to  revolve  by  a  motor  (electric  preferably).  Two  stems, 
as  nearly  alilce  as  possible,  five-eighths  of  an  inch  Iq  dii^meter  at  the  thichest  end 
and  eight  inches  long,  are  taken  and  connected  each  to  two  am^U  bottles  or  tubes 
by  caoutchouc.  Each  bottle  has  a  tube,  or  second  neck,  leading  to  the  outer  air 
to  maintain  the  pressure  uniform  in  tl^e  bottles.  The  tube  at  tne  stem  pole  of  one 
of  the  specimens  to  be  examined  and  that  at  the  root  pole  of  the  other  ^  \q  ha 
three-quartera  filled  with  weak  solution  of  yellow  prussiate  of  potassium  in  each 
case,  or  a  solution  of  eosin.  A  solution  of  perchlo.ride  of  iron  can  be  used  to  test 
the  stems  in  the  former  case.  The  two  stem  specimens  are  now  to  be  fixed  to 
each  side  of  the  rod  with  the  bottles  containing  the  fluids  nearest  the  centre^  and 
at  the  same  distance.  An  axii^l  reservoir  may  be  substituted  for  the  two  inner 
bottles.  This  has  been  completed,  but  I  have  not  yet  used  it.  Stems  of  .^Esculus, 
Syringa,  and  Philadelphus  have  been  employed.  Solutions  pass  freely  through 
stems  of  Syringa,  if  the  bark  be  retained,  when  the  rod  moves  at  the  rate  of  ninety 
revolutions  per  minute.  In  some  experiments  the  flow  from  the  radical  to  the 
apical  pole  seemed  freer.  The  fluid  passed  u^uch  less  freely  after  removal  of  the 
bark.  These  statements  are  only  provisional.  The  following  interesting  oiie»- 
tions  arise:  (a)  The  rate  of  flow  in  difierent  stents;  (b)  the  compariaon  or  the 
flow  from  the  radical  pole  of  one  stem  with  the  flow  (XGm  the  apioal  pole  of 
another ;  (c)  the  comparison  of  the  conducting  power  of  the  barkea  atem  with 
the  8t^m  in  whi^^h  the  b^rk  is  iutf^it ;  (d)  the  oonduptm^f  powta^  of  the  difierent 
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tissues;  (a)  the  inflaence  of  lateral  pressure;  (/)  the  difference  for  different 
fluids.  

4.  On  the  Anatamy  of  Todea,  with  an  Account  of  the  Geological  History 
of  tlie  OsmundacecB.  By  A.  C.  Sbward,  F.B.S.,  and  Miss  Stbille 
O.  Ford. 

The  anatomical  structure  of  the  genus  Osmunda  has  been  dealt  with  by  several 
writers^  and  more  particularly  by  Zanetti  in  an  able  paper  published  in  the 
'Botanische  Zeitung'  for  1895,  but  the  other  genus  of  the  Osmundacese  has  not 
received  equal  attention  at  the  hands  of  anatomists.  Our  work,  which  was  under- 
taken with  a  view  to  discover  in  what  respects  Todea  differs  from  Osmunda, 
includes  the  examination  of  Todea  Barbara  and  T,  mperba,  as  well  as  the  investi- 
gation of  series  of  nucrotome  sections  of  joung  plants.  The  family  Osmundaceae 
18  usually  regarded  as  to  some  extent  mtermeoiate  between  the  Eusporangiate 
and  Leptosporangiate  ferns,  and  in  many  respecta  the  two  gjenera  Osmunda  and 
Todea  are  of  interest  in  regard  to  the  phylogeny  of  the  various  divisions  of  the 
Filicinse. 

The  stem  of  Todea  harbara  is  traversed  by  a  single  stele  composed  of  xylem 
groups  surrounding  a  central  pith  and  separated  from  one  another  by  medullary 
rays :  these  jrroups  vary  considerably  in  shape  and  number  at  different  levels.  There 
may  be  as  &w  as  two  or  as  many  as  eight  xylem  strands  in  one  transverse  section 
of  the  stem,  while  in  Osmunda  regalis  the  number  is  considerably  greater.  The 
xylem  strands  are  surrounded  by  parenchyma,  and  the  sieve-tuM  zone  occupies 
the  same  position  as  in  Osmunda,  This  zone,  which  is  continuous  in  0.  regalis^  is 
occasionally  discontinuous  in  Todea  opposite  some  of  the  xylem  strands.  The 
comparatively  large  sieve-tubes  occur  m  triangular  patches  at  the  outer  end  of 
each  medullary  ray.  A  characteristic  band  of  tangentially  elongated  elements 
succeeds  the  sieve-tube  zone,  and  this  is  followed  externally  by  a  parenchymatous 
band,  the  outermost  layer  of  which  constitutes  the  endodermis.  The  paper  deals 
with  the  phyllotaxis  of  Todea  barbara,  the  origin  of  the  leaf- traces,  and  the  gradual 
alteration  in  structure  which  the  collateral  leaf-trace  undergoes  as  it  passes  out  from 
the  stele  of  the  stem  as  a  horse-^oe  shaped  strand  with  one  protoxylem  group 
and  gradually  assumes  the  form  of  the  broadly  U-shaped  concentric  stele  of  the 
petiole  with  its  numerous  protoxylem  groups.  The  anatomy  of  '  seedling '  plants 
of  Todea  is  found  to  agree  with  that  of  Osmunda  regaHs  plantlets  as  described  by 
Leclerc  du  Sablon.  As  bearing  on  the  questions  of  relative  antiquity  and  phylogeny 
of  the  members  of  the  Filices,  we  have  endeavoured  to  give  an  account  of  the 
geological  history  of  the  QsmundacesB. 


5,  The  Glogaopteris  Flora  ofAua^nUia. 
ily  E.  A.  N.  Aebeb,  B.A,j  Trinity  Odiege,  Ccmihridge. 

The  Qlossopteris  flora  is  one  of  the  most  remarkable  and  vndely  distributed  of 
fossil  floras.  Typical  members,  such  as  the  fern-like  plants  Qlossopteris  and 
GangoTnopteris,  with  the  Equisetalean  genus  Fhyllotheca,  occur  in  rodcs  of 
Fermo-Oarboniferous  age  in  India,  Australia,  South  Africa,  and  South  America, 
pointing  to  the  former  existence  of  a  southern  continent  whose  flora  was  for  the 
most  part  distinct  from  that  of  the  same  age  in  Europe  and  North  America, 

In  the  Newcastle  beds  of  New  South  Wales  all  the  typical  members  of  the 
flora  occur  without  any  admixture  of  northern  types  (e.g.,  Lepidodendron  and 
Sigillaria)y  as  has  been  recorded  from  similar  beds  \a  South  Africa  and  South 
America.  The  flora  of  the  Newcastle  rocks  i^  interesting  botanicaUy  both  on 
account  of  the  wide  distribution  of  the  chief  n^embers,  which  show  points  of 
identity  and  unitj  in  type  with  those  of  the  Lower  Gondwana  of  India  and  the 
Permian  of  Bussia,  ana  also  from  the  morphological  characters  presented  by  many 
of  the  plants  themselves.  The  collection,  which  forms  the  subject  of  these 
remarks,  is  in  the  Geological  Museum,  Cambridge,  and  is  noteworthy  as  being  one 
of  the  earliest  (1839-44)  formed  of  fossil  plants  froni  the  continent  of  Australia* 
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TUESDAY,  SEPTEMBER  17. 
The  following  Papers  were  read : — 

1.  HeterogeneM  in  Conifers,    By  Dr.  T.  P.  Lotst. 

I  am  going  to  give  a  demonstration  of  a  very  interesting  fact  whicli  is  called 
heterogenesis  i)y  Korschinskj  in  a  lengthy  paper  which,  ori^nallv  published  in 
Russian,  is  now  published  in  German  in  the  last  number  of  '  Flora,'^ 

Heterogenesis,  mutation,  and  spontaneous  variation  are  all  words  for  the  same 
meaning,  but  the  interesting  £act  about  them  is  that  they  seem  to  form  at  least 
one  way  in  which  new  species  can  arise.  I  am  first  going  to  show  you  one 
of  the  original  specimens  of  Capsella  Heefferi,  kindly  given  to  me  by  Professor 
Count  Solms-Laubach.  You  will  all  have  read  his  paper  on  this  subject  in  the 
'  Botanische  Zeitung,'  and  so  I  have  only  to  remind  you  that  this  species  was 
discovered  in  Lindau  by  Professor  Heeger,  in  the  midst  of  a  large  community  of 
Capsella  bursa  pastaris,  and  there  can  be  very  little  doubt  that  this  species  has 
suddenly  arisen  from  Capsella  bursa  past  oris,  I  need  not  remind  you  of  the  fact 
that  Capsella  Heegeri  is  true  to  seed :  it  reproduces  Capsella  Heegeri,  and  does 
not  revert  to  Capsella  bursa  pastorts. 

Much  more  elaborate  work,  though  on  the  Question  of  the  origin  of  species  by 
means  of  spontaneous  variation,  has,  as  you  all  know,  been  done  by  Hugo  de  Vries, 
who  is  just  publishing  his  important  *  Mutationstheorie.* 

I  need  not  remind  you  of  his  results,  especially  with  (Enothera  Lamarckiana^ 
which  species  he  cultivated  for  more  than  fifteen  vears,  and  of  which  he  obtained 
a  number  of  new  species,  all  suddenly  arisen.  In  his  book  he  calls  attention  to 
the  fact  that  a  species  apparently  can  exist  for*  very  long  periods  without  ever 
forming  new  species  by  means  of  sudden  variations,  and  that  then  a  period  may 
come  during  which  that  species  does  form  new  species.  If  this  is  true,  it  goes 
without  saying  that  species  which  are  in  the  period  in  which  they  form  spontaneous 
variations  should  be  observed  very  carefully,  and  it  is  therefore  that  I  want  to 
call  your  attention  to  two  genera  of  Conifers  which  are  in  a  period  of  spontaneous 
variation,  a  period  in  which  they  do  form  mutants,  to  use  the  temunology  of 
de  Vries,  which  mutants  may  be  true  to  seed.  I  do  not  say  that  they  are,  as  the 
plants  have  not  yet  produced  any. 

The  first  species  is  Cupressus  Lawsontana.  Among  a  large  number  of  seedlings 
at  least  one  plant  arose  which  was  very  different  indeed,  as  you  see  here — ^the 
Cupresstts  Lawsontana  Wisseli— and  among  another  lot  one  which  was  more 
diflerent  yet,  the  Cupressus  Lawsontana  lycopodioides.  The  first  one  arose  in  the 
horticultural  establishment  of  v.  d.  Wessel  in  Esse,  and  the  other  in  that  of 
v.  d.  Elst  in  Dedemsraart,  both  in  Holland.  I  do  not  hesitate  to  say  that  these 
plants,  if  their  common  origin  were  not  Icnown,  would  be  described  as  true 
species. 

The  other  plant  I  want  to  show  you  is  TJmja  occidentalis  Spaethi,  which  arose 
in  the  same  sudden  way  in  the  horticultural  establishment  of  Spaeth  in  Bixdorf, 
near  Berlin. 

While  I  do  not  want  to  state  that  the  plants  here  shown  are  new  species,  I 
yet  dare  say  that  a  careful  observation  of  these  two  genera  at  as  many  different 
portions  of  the  world  as  possible  may  well  be  advised,  and  this  is  the  sole  object 
of  my  communication. 

I  should  think  that  especially  Cupressus  LatDsoniana  is  worthy  of  a  good  deal 
of  regard  in  this  respect,  more  so  than  Thuja  occidentalis  in  fact,  inasmuch  as  I 
feel  confident  that  the  new  forms  of  these  two  species  have  nothing  to  do  with 
'  Jugendformen,'  while  perhaps  some  retinospora  question  might  step  ip  in  the  case 
of  Tf^uja  occidentalis  Spaetki. 
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2.  Oft  a  Primitive  Type  of  Structure  hi  Calamites. 
By  D.  H.  Scott,  M.A.,  Ph,D.,  F,E.S. 

PaleooDtological  research  has  afforded  eyidence  that  the  Horsetails  and  Lyco- 
pods — groups  now  so  distinct — had  a  common  origin.  The  class  Sphenophyllales, 
restricted,  so  far  as  we  know,  to  the  Palseozoic  epoch,  comhines  in  an  uumistakahle 
manner  the  characters  of  Equisetales  and  Lycopodiales,  while  at  the  same  time 
presenting  peculiar  features  of  its  own.  Broadly  speaking,  it  is  in  the  external 
morphologr  and  in  the  reproductive^  structures  that  the  Equisetales  are 
approached,  while  the  anatomy  has  an  evidently  Lycopodiaceous  character. 

The  synthetic  nature  of  the  Sphenophyllales,  indicated  clearly  enough  in  the 
typshgenus  Sphenophyllum  itself,  comes  out  still  more  obviously  in  the  new  genus 
CheiroBtrobus,  Here  the  general  morphology  of  the  strobilus,  the  form  and 
structure  of  the  sporangiophores  and  of  the  sporangia  themselves  are  all  of 
a  Calamarian  type,  while  the  anatomy  of  the  axis  is  as  clearly  Lycopodiaceous  in 
character. 

So  far  nothing  has  been  found  to  bridge  the  gulf  which  separates  the  anatomy 
of  the  OalamariesB  (PalsBOzoic  Equisetales)  from  that  of  the  SphenophyUales  or 
the  Lycopods.  The  most  ancient  known  genua  of  OalamariesB — ArchcBocaiamites 
— approaches  the  Sphenophyllales  in  the  superposition  of  the  foliar  whorls  and 
in  tne  didiotomous  subdivision  of  the  leaves,  pomts  on  which  Professor  Potonid, 
especially,  has  laid  stress.  Anatomically,  however,  according  to  the  researches  of 
Dr.  Renault  and  Count  Solms-Laubach,  it  was  an  ordinary  Calamite,  differing  in 
no  essential  respi^ct  from  those  of  the  Coal-measures.  The  stem  ofArchaocalamites, 
like  that  of  its  later  allies,  had  a  large  pith,  surrounded  bj  a  ring  of  collateral 
vascular  bundles,  the  wood  of  which,  primary  as  well  as  secondary,  was  wholly 
centrifugal  in  development,  the  first-formed  tracheides  lying  on  the  border  of  the 
pith,  at  the  points  marked  by  the  carinal  canals.  In  Sphenophyllum,  on  the 
other  hand,  tue  whole  of  the  primary  wood  was  cmtripetally  developed,  and  there 
was  no  pith.    In  Cheirostrobus  the  same  holds  good,  except  that  an  insignificant 

Sortion  of  the  primary  wood  may  possibly  have  been  added  in  a  centrifugal 
irection.  In  Lycopods  there  may  or  may  not  be  a  pith,  but  the  whole 
(LycopocUum,  PsUotum,  Lepidodendron)  or  the  greater  part  {Tmesipteris)  of  the 
primary  wood  is  centripetal. 

The  Calamite  which  forms  the  subject  of  the  present  communication  occurs  in 
the  well-known  Burntisland  beds  of  the  Calciferous  Sandstone  Series,  at  the  base 
of  the  Carboniferous  Formation.  The  material  is  calcified,  and  the  structure 
excellently  preserved,  though  the  specimens  so  far  discovered  are  small  and 
fragmentary.  Their  interest  depends  on  the  fact  that  each  vascular  bundle 
possesses  a  distmct  arc  of  centripetal  wood  on  the  side  towards  the  pith.  The 
cariual  canals  are  present,  as  in  an  ordinary  Calamite,  and  contain,  as  usual,  the 
remains  of  the  disorganised  protoxylem.  They  do  not,  however,  as  in  other 
Eouisetales,  form  the  inner  limit  of  the  wood,  but  xylem  of  a  considerable 
thickness,  and  consisting  of  typical  tracheides,  extends  into  the  pith  on  the  inner 
side  of  the  canal,  which  is  thus  completely  enclosed  by  the  wood.  Hence,  starting 
from  the  spiral  tracheides  of  the  protoxylem,  there  was  here  a  considerable 
development  of  xylem  in  a  centripetal  as  well  as  in  a  centrifugal  direction.  That 
the  organ  v^as  a  stem,  and  not  a  root,  is  proved,  not  only  by  the  presence  of  the 
carinal  canals,  but  by  the  occurrence  of  nodes,  at  which  the  outgoing  leaf-traces 
are  clearly  seen. 

This  appears  to  be  the  first  case  of  centripetal  wood  observed  in  a  Calamarian 
stem,  and  thus  serves  to  furnish  a  new  link  between  the  Palaeozoic  Equisetales  and 
the  Sphenophyllales,  and  through  them  with  the  Lycopods. 

The  specimens  have  not  as  yet  supplied  any  evidence  as  to  the  superposition  or 
alternation  of  the  verticils,  so  we  are  not  at  present  in  a  position  to  determine  the 
genus  to  which  they  belonged.  Provisionally,  until  further  investigation  has 
cleaied  up  this  question,  the  new  stem  may  bear  the  name  o£  Calamttes  petty* 
cunnsii,  firooL  the  locality  where  it  occurs. 
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3.  Remarks  npon  the  Nature  of  the  *Stde  of  Squiieium. 
By  D.  T.  GwYNNE-VAUaHAK. 

The  Tascular  bundles  of  Eqmsetum  are  usually  compared  with  those  of  a 
monostelic  phanerogakn  both  in  structuntl  detail  and  with  regard  to  their  course 
out  into  the  leaf.  The  following  observations  made  upon  the  stems  of  E.  Tdma' 
teja,  &c.,  show  that  this  comparison  cannot  be  satisfactorily  maintained. 

It  was  fsund  that  of  the  three  strands  of  xylem  present  in  eacih  bundle  of  the 
intemode,  the  carinal  strand  alone  passes  out  at  the  node  as  a  leaf-trace.  The  two 
lateral  strands  join  on  to  the  xylem  of  the  nodal  ring,  and  in  certain  species  {E, 
kiemale^  and  better  still  in  E.  gigantenm)  they  may  hQ  traced  as  externally  pro- 
jecting ridges  over  the  nodal  xylem  into  the  intemode  above.  In  passing  through 
the  node  they  diverge  from  one  another  so  that  in  the  intemode  they  are  (bund  ofi 
the  adjacent  sides  of  two  different  bundles.  At  the  node  above  they  approach 
each  otfa^r,  and  in  the  next  intemode  they  both  occur  in  the  same  bundle  ooce 
agun.  The  leaf-trace  protoxylem,  having  entered  the  bundle,  runs  downwards  for 
one  intemode  between  the  two  lateral  strands ;  at  the  node  below  it  divides  into 
two  branches  which  curve  to  the  right  and  the  left  in  oidet  to  f^we  with  the 
neighbouring  leaf-traces  that  enter  at  this  node. 

So  the  xylem  of  the  so-called  vascular  bimdle  of  Egmsettcm  conasts  of  thrw 
strands,  two  of  which  are  lateral  and  cauline,  while  the  median,  or  carinal,  strand 
is  common  to  both  stem  and  leaf.  The  fact  that  only  a  small  pdrtieii  passes  out  u 
a  leaf-trace,  and  not  the  bundle  as  a  whole,  constitutes  an  essential  point  of  difo- 
ence  between  it  and  the  bundle  of  a  phanerogam. 

The  tracheides  in  each  strand  are  very  few,  and  consequently  it  is  difficult  to 
determine  the  direction  of  their  development.  However,  as  regards  the  leaf4rice 
and  the  carinal  strand,  it  appears  clear  that  they  are  not  exarch  but  endarch,  or 
perhaps  slightly  mesarch  on  the  adaxial  side.  The  lateral  strands,  as  a  whole,  are 
differentiated  later  than  the  carinal  strand  (as  might  be  expected  from  the  close 
relation  of  the  latter  to  the  leaves),  but  they  do  not  seem  to  be  a  continuation  of 
its  centrifugal  development.  On  the  contrary,  in  E.  ffiffanteum,  where  as  naany  m 
ten  to  fifteen  elements  are  present  in  each  lateral  strand,  the  smallest  of  them  sre 
invariably  at  the  outer  extremity,  and  they  gradually  increase  in  size  inwards. 
Longitudinal  sections  show  that  the  largest  tracheides  are  coarsely  reticulate 
with  large  pits  and  very  broad  bands  of  thickening  between  them  ;  in  the 
smaller  elements  the  reticulation  becomes  finer  and  more  regular,  and  in  the 
smallest  it  closely  resembles  tme  spiral  thickening.  To  state  definitely  whether 
the  lateral  strands  are  exarch  or  not  was  not  possible,  because  no  incompletely 
differentiated  portions  of  the  stem  were  available ;  so  the  question  must  remain  at 
present  undecided,  although  the  mature  structure  certainly  gives  a  strong  impres- 
sion of  centripetal  development.  Potoni^ '  has  established  a  comparison  between  the 
secondary  vascular  tissues  of  the  Calamartee  and  the  Sphenophyllacea  by  mentally 
doing  away  with  the  central  mass  of  primary  xylem  that  exists  in  the  latter.  By 
inverting  this  procedure,  and  considering  it  possible  that  the  ancestors  of  the 
Equisetums  may  have  possessed  a  xylem  that  extended  to  the  centre  of  the  stem, 
one  is  led  to  derive  their  stmcture,  as  it  exists  at  present,  from  the  modification  of 
a  stele  with  a  solid  central  mass  of  centripetal  xylem  such  as  that  of  S^pkenophyUvmy 
or  of  certain  Lepidodendrete.  To  illustrate  the  nature  of  the  modi^cations  that 
such  a  stele  would  have  to  undergo,  a  series  of  parallel  developments  mhj  be 
pointed  out  within  the  latter  group  {Lepidodendrmi  JRhodumnen^e,  SeUcffinoide»i 
JTarcourtiif  Siffillarta  spinosa,  and  Menardt),  in  which  parenchyma  appears  in  the 
xylem,  and  gradually  increases  in  quantity  until  only  an  attenuated  p^pheral  ii»g 
of  xylem  remains,  which  then  becomes  more  or  less  broken  up  into  sqparabe 
strands.  • 

It  is  suggested  that  the  lateral  xylem  strands  in  the  vascular  bundles  of  th« 
existing  Equisetums  may  perhaps  be  taken  to  represent  the  laat  reamantd  of  a 
primitive  central  mass,  and  that  this  woidd  be  entirely  in  agreement  With  their 
apparently  centripetal  development,  and  in  particular  with  t^eir  c^ulkie  comnse:  " 

*  PflanzenpaV^dntdtbgie,  p.  205. 
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4.  Die  Silur*  und  Cidm- Flora  des  Harzes,     Von  Professor  H.  Potoni^. 


5.  X)n  two  Malayan  ^  Myrmecophilous^  Ferns,     By  R.  H.  Yapp. 

Poljpodium  (Lecanopteris)  caraosum  (Blume)  and  Poly  podium  sinuoeum 
(Wall)  are  two  epiphytic  Ferns  which  occur  almost  exclusively  in  the  Malay 
Peninsula  and  Archipelago. 

Their  creeping  rhizomes  are  thick  and  fleshy,  the  ventral  surface  closelv 
adhering  to  the  substratum,  the  dorsal  bearing  the  leaves,  which  are  articulated, 
upon  laige  conical  leaf-cushions.  Branching  is  lateral,  and  is  so  frequent  in  the 
case  of  Polypodium  camosum  that  thick  compact  masses  of  interlacing  stems  are 
formed,  whicn  completely  encircle  the  branches  of  the  tree  on  which  it  grows. 

The  fle^y  stems  of  l>oth  Ferns  are  traversed  by  an  extensive  system  of  hollow 
spaces,  which,  like  the  galleries  of  Myrmecodia  and  Hydrophytum,  are  invariably 
inhabited  by  colonies  of  ants.  These  'ant-galleries'  are  arranged  on  a  perfectly 
definite  plan  the  details  of  which  differ  to  some  extent  m  the  two  Ferns.  In  both 
cases,  however,  there  is  a  single  main  ventral  gallery,  which  runs  in  a  longitudinal 
direction  through  the  stem,  giving  off  a  lateral  gallery  to  each  branch  and  a  dorsal 
one  to  each  leaf-cushion.  The  galleries  are  formed  by  the  breaking  down  of  a 
large-celled,  thin-walled  tissue,  which  in  the  youngest  parts  of  the  stem  appeara 
to  function  as  a  water-reservoir. 

Though  undoubtedly  closely  allied  species,  th^se  Ferns  have  been  placed  by 
many  authorities  in  different  izrenera.  This  has  been  largely  on  account  of  the 
curious  position  of  the  son  in  Polypodium  camosum.  In  this  Fern,  and  in  one  or 
two  of  its  immediate  allies,  the  sori  are  borne  on  marginal  lobes,  which  are 
completely  reflexed  upon  the  upper  surface  of  the  frond.  This  arrangement  is 
possibly  connected  with  spore  distribution. 


6.  The  Vegetation  of  Mownt  Ophir.     By  A.  G.  Tanslby. 


7.  On  Certain  Points  in  the  Structure  of  the  Seeds  of  ^thiotesta,  Brongn.^ 
and  Stephanospermum,  Brongn,     By  Professor  F.  W.  Oliver. 

The  author  gave  some  account  of  the  anatomy  of  the  fossil  gymnosperm  seed, 
named  by  Brongniart  Stephanos  per  mu7n  akenioides^  and  of  another  seed,  nearly 
allied  to  the  foregoing,  which  he  provisionally  recognised  as  ^thiotenta  subylobdsa, 
Brongn.  Attention  was  drawn  to  the  mantle  of  tracheal  tissue  which  invests  the 
nucellus  in  both  cases.  The  possible  physiological  significance  of  this  tissue  was 
considered,  and  some  suggestions  were  offered  as  to  the  conditions  which  led  to 
the  evolution  of  the  seed  in  this  group.  The  author  expressed  the  opinion  that 
there  was  considerable  probability  that  the  seed  habit  was  at  its  origin  a  scerophilous 
adaptation. 


8.  Ifaiural  Surgery  in  Leaves* 
By  Dr.  F.  F.  BLACKMANan^  Miss  Matthabi. 


9.  On  the  Relation  between  CO^  Produ^ction  and  Vitality, 
By  Dr.  F.  F.  Blackmak  and  Miss  Matthaei. 
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9.  On  the  Strength  aiid  Resistance  to  Pressure  of  Certain  Seeds  and  PruUs. 
By  G.  F.  Scott  Elliot,  M.A,,  B.Sc,,  F.CS,,  F,R.G.S. 

Everyone  is  familiar  with  the  extraordinary  hardness  and  toughness  of  maoj 
common  seeds  and  hm\A,  but  the  writer  has  failed  to  discover  any  definite  aod 
detailed  account  of  the  amount  of  weight  which  such  seeds  can  endure  without 
breaking.  The  experiments,  of  which  an  abstract  is  given,  were  generally 
conducted  with  a  spring  balance  weighing  up  to  50  lb.,  and  carefully  tested 
beforehand.  Those  seecb  and  fruits  wnich  witnstood  a  pressure  of  60  lb.  were 
tested  with  a  Wicksteed's  single-lever  vertical  testing  machine,  which,  through 
the  great  kindness  of  Professor  J.  G.  Longbottom,  M.E.,  M.I.M  £.,  was  placed  at 
the  author^s  disposal.  In  all  cases  the  weight  mentioned  is'  that  at  wtiich  the 
first  sign  of  decided  injury  could  be  perceived.  Many  other  seeds  and  fruits  were 
tried,  but  a  very  large  number  were  found  unsuitable,  through  the  difficulty  of 
distingubhing  the  exact  moment  at  which  bursting  occurred. 


Fumaria  officinalis  X.,  nutlet  . 
'  Cardamoms  (Native)  *  seeds  . 
Mustard  seeds 

Turnip  seeds    .... 
Cabbage  seeds .... 
Viola  canina,  Z.,  seeds    . 
Orange  seeds   .... 
Cottonseed  seeds 
Pomegranate,  Punica  granatum,  L. 

seeds     

Spindletree,   Eaonymus    europseus, 

X.,  seeds       .... 
Hippophae  rhamnoides,  Z.,  seeds 
Lentils  seeds    .... 
Crab's  Eyes,  Abms  precatorius,  L. 

seeds     

Vicia  Cracca,  Z.,  seeds     . 

Sweet  Peas  seeds 

Calabar    Bean,  Physostigma   veni 

nosum,  seed 
Castor  oil,  Ricinus  communis,  Z. 
Hempseed,  Cannabis  sativa,  Z. 
Hornbeam,    Carpinus  Bctulus,  L. 

nuts      ..... 
Pinus  stobus  seeds  . 
P.  montana  seeds    . 
P.  austriaca  seeds    . 
P.  Pinaster  seeds     . 
P.  Cembra  seeds 
Picea  exoelsa  seeds  . 
Yew,  Taxns  baccata,  seeds 
Carex  pendula,  Utricle 
AVheat  (Red  Fyfe),  Caryopsis  . 
Wheat  (White  Fyfe),  Caryopsis 
6x.         &c. 


Number 

Weight  in  pounds 

examined 

Average 

MiT^impm 

4 

1-256 

1-75 

1 

23 

709 

15 

8 

60 

4-88 

6-75 

3-75 

50 

1-636 

225 

1 

50 

2-16 

325 

1 

10 

21 

25 

15 

12 

32-08 

46             1 

26 

50 

19-04 

27 

11 

50 

14-33 

19-5 

10 

15 

4-88 

6-5 

3-5 

— 

7-486 

10-6          1 

4 

7 

22-428 

25 

20 

7 

30  857 

44 

18 

5 

13-2 

15 

12 

31 

3200 

50            ' 

16 

1 

49-50 





17 

17-84 

21 

0 

60 

4-335 

7 

2 

5 

27-9 

30 

25 

50 

3-62 

6 

«> 

60 

I-C5 

2-75 

•5 

60 

4676 

6-5 

3 

50 

11-156 

14 

8 

a 

22-83 

26 

20-5 

60 

3-72 

5-25 

1-5 

3 

16 

20 

13 

25 

2-18 

4-5 

2 

50 

20-42 

30 

12 

56 

1719 

26 

10 

In  the  cases  of  the  following  seeds  or  fruits  the  breaking  weight  was  over 
60  lb.  It  was  therefore  not  possible  to  test  so  large  a  number  as  the  author 
would  have  desired.  , 
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Number  ' 

Weight  in  pounds 

examined 
1 

Average 

Maximum 

Minimum 

Brazil  nat  (nut)       .... 

5708 



Brazil  nut  (seeds)     .... 

4 

9125 

118 

80 

Sapncaia  outs,  Lecjtbis  ollarin,  L,  . 

3       ' 

82-33 

100 

58 

Prunus  Padus,  i.,  Cocci  . 

5       ' 

80-4 

112 

48 

Plumstones  Cocci     .... 

w     ■ 

80-333 

99 

6^ 

*  Peachstones  Australian '  Cocci 

'^     i 

177-GG7 

200 

153 

Cornus  mas,  Z.,  Cocci 

5 

82-6 

111 

GO 

Manihot  Glaziovii  seeds  . 

3       1 

117-83 

123 

114 

Hazelnuts,    Corylus    avellana,    X., 

t 

nuts 

7 

nrr  14 

80 

.       32 

Walnuts  Cocci 

2 

73-5 

80 

67 

Hickory  nuts  (Carya  sp.).  Cocci 

!        4 

j4«-7r> 

15G 

.     135 

Job's  Tears,  Coix  lachryma,  Peri- 

1 

1 

carp      

4 

66-25 

00 

'       40 

1 

The  surface  of  the  fruit  or  seed  in  actual  contact  with  the  glass  at  the  moment 
when  breaking  occurs  is  generally  very  small.  In  order  to  find  the  pressure  per 
square  inch  this  surface  was  measured,  and  its  area  calculated  in  the  following 
manner.  An  object-glass  was  painted  with  a  thin  layer  of  black  paint,  and 
pressed  down  upon  the  seed.  That  part  which  waa  in  contact  was  of  course 
covered  by  the  paint ;  a  piece  of  white  cardboard  waa  then  pressed  down  over  the 
seed  under  glass,  and  the  area  of  the  stain  on  the  cardboard  was  calculated  by  the 
help  of  a  glass  slide  ruled  in  lOOths  of  an  inch.  It  was  found  that  the  pressure 
in  pounds  to  the  square  inch  was  as  follows : — 

In  the  Cab\)age  seed     .        .  about  166*2  lb.  to  square  inch. 
„      Hemp  seed .        .        .      „      433*5  lb.  „ 

„      Enonymus  europasus         „     244    lb.  „ 

But  of  course  a  square  inch  of  surface  is  never  called  into  action  under  natural 
conditions. 

The  resisting  power  depends  chiefly  upon  the  shape  of  the  seed  and  the 
character  of  the  sclerenchymatous  tissue.  Generally  speaking,  the  curve  of  the 
transverse  section  of  a  seed  shows  an  unmistakable  resemblance  to  that  of  an 
ordinary  stonebridge.  On  the  other  hand,  both  the  longitudinal  vertical  section 
when  the  seed  is  lying  a  flat  surface  in  a  natural  position)  and  the  longitudinal 
horizontal  section  are  ^nerally  lanceolate  to  ovate  in  shape.  These  latter  curves 
are  probably  of  great  importance,  but  for  a  diflTerent  purpose.  It  was  found,  e.^., 
difficult  if  not  impossible  to  exert  sufficient  pressure  on  the  seeds  of  orange  and 
Abms  precatorius,  even  when  two  surfaces  of  wood  were  employed  to  hold  them, 
the  shape  and  the  slippery  or  smooth  coats  of  the  seeds  resulting  in  the  seed 
springing  out  and  jumping  ofi*.  It  is  possible  to  make  orange  seeds,  e.g,^  jump 
fifteen  feet  along  a  flat  surface  by  a  slight  blow  on  the  end.  This  peculiar  shape 
wiU  probably  enable  the  seeds  to  escape  from  the  teeth  of  an  animal,  or  perhaps 
facilitate  their  passage  through  the  alimentary  tract.  Some  of  the  curves  of  the 
seeds  employed  are  Uustrated  in  the  paper. 

Many  special  peculiarities  of  fruits  and  seeds  are  important  aids  to  tbeir 
resisting  power.  In  particular,  the  ridges  on  the  cremocarps  of  Myrrhis  and 
Carraway,  the  peculiar  three-cornered  nut  of  Beechmast,  the  spongy  pericarp  of 
TropsDolum,  very  greatly  diminish  any  danger  of  injury  by  pressure  from  above, 
as  tney  yield  to  the  pressure  and  do  not  break.  When  seeds  are  lying  on  bare 
earth  they  are  often  simply  pressed  into  the  earth  if  any  pressure  is  exerted  upon 
them.  Thus,  e.g,,  four  seeds  of  Hemp  were  placed  upon  a  layer  of  earth  only  a 
quarter  of  an  inch  deep,  which  was  spread  upon  a  glass  plate.  A  weight  ot 
66  lb.  placed  gently  on  these  seeds  simply  buried  them  in  the  earth  without 
injuring  them  in  any  way. 
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WEDNESDAY,  SEPTEMBER  18. 

The  following  Papers  were  read : — 

1.  Cuticular  Structure  q/*  Euphorbia  Abdelkuri. 
By  Professor  I.  Bayley  Balfour,  F.B,S, 

Euphorbia  Abdelkuri  is  an  interesting  succulent  plant  which  haa  been  brought 
home  from  a  small  island  in  the  vicinity  of  Sokotra  by  the  Ogilvie-Fi^lies 
Expedition.  The  outer  surface  of  the  plant  in  the  fresh  condition  appears  to  be 
covered  with  a  crust  which  readily  cracks  off,  and  on  examination  this  it  found  to 
consist  of  a  number  of  prisms.  At  first  sight  these  may  be  taken  for  some  form  of 
mineral  incrustation,  but  they  are  not  of  this  nature,  but  are  formed  by  the  cuticle 
of  the  epidermal  cells.  Tms  does  not  form  an  uninterrupted  layer  over  the 
epidermis,  but  the  cuticle  of  each  cell  is  separable  fVom  that  of  the  adjacent  one«, 
and  the  prisms  are  merely  blocks  of  cuticle,  each  one  belonging  to  a  single  cell. 
This  is  a  construction  different  from  that  which  is  ordinarily  met  with  in  plants 
with  thick  cuticular  layer. 


2.  Some  Observations  upon  tlie  Vascular  Anatomy  of  the  Cf/atheacea, 
By  D.  T.  Gwynnb-Vaughak. 

In  a  number  of  IMcksonias  with  creeping  or  prostrate  stems  it  is  shown  th&t 
the  vascular  system  is  solenostelic,  the  leaf-traces  departing  as  a  single  strand 
curved  into  the  form  of  a  horseshoe,  with  its  concavity  facing  towaids^e  meditn 
line  of  the  rhixome— 2>icA»onta  a^ntoides,  cicutaria,  davalUaideSy  apitfoUat  and 
punctildba. 

In  D,  ajnifdia  it  is  found  that  along  the  free  margin  of  the  leaf-gap  there  is  a 
considerable  increase  in  the  amount  of  xylem  in  the  solenostele,  causmg  it  to 
project  somewhat  towards  the  oentre  of  the  stem. 

A  similar  marginal  enlargement  also  occurs  in  D.  adiantaides ;  and  here  it  it 
continued  past  the  leaf-gap,  forming  a  ridge  on  the  internal  surface  of  the  soleno- 
stele, runnmg  from  one  leaf-gap  margin  to  another.  In  the  intemode  this  pro- 
jecting portion  of  the  xylem  becomes  separated  off  from  the  rest  and  surrounded 
by  a  phloem  of  its  own ;  however,  it  remains  always  included  witlun  the  ssnoe 
endodermis. 

In  Dicksonia  ndnginosa  the  typical  vascular  ring  is  interrupted  by  gaps  other 
than  those  due  to  the  leaf-traces,  and  it  may  therefore  be  termed  poIysteUo.  In 
addition  there  are  two  or  three  small  accessory  steles  lying  within  the  vascular 
ring.  Throughout  the  intemode  the  course  of  these  internal  steles  Is  quite  free 
from  the  vascular  ring,  but  at  each  node  one  of  them  approaches  the  free  margin 
of  the  leaf-gap,  and  completely  frises  with  it,  separating  off  again  i^r  the  leaf> 
gap  has  become  filled  up. 

Pteris  elata  var.  Karstemana  has  a  typically  solenostelic  vascular  linff,  and 
also  possesses  internal  accessory  steles,  which  behave  in  a  manner  auite  simdar  to 
those  of  Dicksonia  mbiginosa ;  but  they  are  relatively  larger,  and  irequently  they 
all  fuse  up  together  so  as  to  form  a  second,  inner,  completely  closed  vascular 
ring. 

It  is  suggested  that  the  several  internal  steles  and  vascular  rings  that  occur  in 
the  Saccolomas  and  in  Matonia  pectinata  are  also  of  the  same  origin  and  nature 
as  those  described  above. 

The  relation  of  the  internal  aocessorv  steles  in  certain  Oyatheas  to  those  of 
the  above-mentioned  ferns  is  also  discussed. 
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3.  On  the  Anatomy  of  Dansea  and  other  Marattiacece. 
By  George  Brebner. 

Various  species  of  the  Marattincem  were  studied  for  the  comparative  anatomy 
of  the  adult  structure,  and  DancBa  mnpUcifoHa,  Kudp^e,  for  the  development  of 
the  vascular  system. 

1.  Development  of  the  vascular  system  of  Darusa  simplictfoUa^  Rudge. 

The  primary  vascular  axis  is  a  simple  concentric  stele.  The  xylem  consists  of 
a  central  mass  of  small  scalariform  tracheids,  without  any  conjunctive  parenchyma. 
The  phloem  consists  of  a  layer  of  small  sieve-tubes  separated  from  the  xylem  by  a 
layer  of  parenchyma.  The  pericycle  may  be  absent  or  only  imperfectly  repre- 
sented. There  is  a  definite  endodermis,  but  the  constituent  cells  are  not  clearly 
always  the  innermost  ones  of  the  extrastelar  parenchyma. 

When  the  cotyledon-trace  is  about  to  be  given  oif  the  xylem  of  this  vascular 
axis,  or  '  protostele/  is  separated  into  more  or  less  unequal  portions  by  a  layer  of 
parenchyma.  The  parenchyma  increases  in  amount,  and  ultimately  the  comedon- 
trace  is 'separated  from  the  central  stele.  The  cotyledon- trace  is  collateral.  The 
next  few  leaf-traces  are  given  off  in  the  same  manner,  and  are  likewise  collateral. 
The  stele  resumes  its  simple  'piotostelic'  appearance.  Cauline  roots  occur>  but  not 
regularlv. 

As  further  leaf-traces  depart  from,  and  root-traces  join,  the  vascular  axis,  the 
primitive  structure  is  gradually  modified,  and  it  may  become  more  or  less 
crescentic,  forming  an  incomplete,  or  even  complete,  gamostelic  ring.  The  spaces 
left  by  the  departure  of  the  leaf-traces  now  constitute  leaf-gaps.  The  vascular 
tissue  of  this  stage  may  be  described  as  a  'siphonostele  with  leaf-ffaps.* 

The  time  of  appearance  of  the  finit  mucilage  canal  varies.  The  earliest  occur- 
rence noted  was  after  the  third  leaf-trace  had  been  differentiated. 

In  one  seedling  a  curious  ligament  of  phloem  was  observed,  which  pursued  an 
oblique  course  upwards  and  connected  the  two  horns  of  a  crescentic  vascular  mass. 
This  strand  of  phloem  interrupted  the  course  of  the  central  mucilage  canal. 

At  first  the  leaf-traces  are  simple  and  collateral ;  later  they  are  simple  and 
concentric ;  still  later  each  trace  divides  into  a  pair  of  strands  as  it  recedes  from 
the  axis.  At  a  higher  level  the  leaf-trace  consists  of  a  pair  of  strands  each  of 
which  takes  its  departure  separately. 

A  remarkable  deviation  in  the  early  stages  of  development  was  shown  by  one 
seedling.  A  mass  of  parenchvma  early  made  its  appearance  in  the  centre  of  the 
xylem,  simulating  a  pith.  Careful  examination  showed  that  this  was  due  to 
abortion  of  the  cotyledon  and  its  trace,  and  exceptionally  early  preparation  for  the 
departure  of  the  three  succeeding  leaf-traces. 

2.  Stele  of  the  Marattiacefe. 

The  structure  of  the  'stele,*  as  seen  in  transverse  section,  is  singularly  uniform 
in  essential  histological  details  throughout  the  group.  It  may  be  said  to  be  of  the 
fern  type,  but  there  is  no  endodermis  (t>.,  in  the  case  of  well-grown  plants),  and 
the  pericycle  is  not  characteristically  present. 

The  protoxylem  is  usually  endarcn — at  any  rate  in  the  frond— but  it  may  be 
mesarch. 

The  protophloem  is  internal.  This  was  first  demonstrated  in  the  steles  of  the 
stem  by  Miss  Shove.^  It  has  since  been  found  to  be  internal  in  the  steles  of  the 
frond  of  two  species  of  Banma  and  of  Marattia  alata.  There  can  be  little  doubt 
that  the  internal  position  of  the  protophloem  is  general  for  the  steles  of  both  stem 
and  frond  in  this  group  of  ferns. 

3.  Apical  grovHh. 

All  the  fresh  evidence  obtained  while  studying  the  seedlings  of  Danaa 
aimplici/olia  is  in  favour  of  an  initial  group,  consisting  of  a  few  cells,  both  in  stem 
and  root, 

»  Annalt  Bat.,  vol.  xiv.  1900,  p.  497. 
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4.  Root*?. 

Nothing  new  has  been  observed  in  the  roots  of  the  MorattiaceiD.  In  the 
roots  of  Danaa  simplicifoUa  there  is  what  might  be  called  a  fibrous  pith,  which 
is  early  differentiated,  even  before  the  main  mass  of  the  xylem  has  begun  to  be 
lignified. 

4.  A  Chapter  of  Plant-evolution  :  Jurassic  Floras, 
By  A.  C.  Seward,  F.R,S. 

From  the  cliffs  on  the  Dorsetshire  coast  to  the  moorlands  and  headlands  of 
East  Yorkshire  England  is  traversed  diagonally  by  a  band  of  Jurasaic  strata,  and 
outlying  patches  of  Jurassic  rocks  occur  in  West  Somerset,  Gloucestershire, 
Worcestershire,  Cumberland,  and  elsewhere.  Sediments  of  the  same  age  occur 
also  in  Sutherlandshire,  in  the  islands  of  Skye  and  Mull,  and  in  other  parts  of  Scot- 
land. Aft«r  the  filling  up  of  the  inland  lakes  of  the  Triassic  period,  the  land 
gradually  subsided  and  was  invaded  by  a  shallow  sea  in  which  a  thin  band  of 
Khsetic  sediments  was  deposited  in  the  British  area.  The  vegetation  of  this 
period  is  represented  by  the  rich  floras  of  Scania,  Franconia,  and  other  district?, 
but  in  Britain  by  a  few  meagre  and  imperfect  records.  The  rocks  formed  on  the 
floor  of  the  deeper  Liassic  sea  have  afforded  several  Cycadean  fronds  and  fragments 
of  coniferous  trees  drifted  from  neighbouring  land.  From  the  estuarine  beds 
intercalated  in  the  series  of  marine  strata  of  the  Oolitic  period,  an  abundant  flora 
has  been  obtained  from  Yorkshire  and  elsewhere.  The  roofing  slates  of  Stones- 
field,  described  by  Plot  in  his  '  Natural  History  of  Oxfordshire '  in  1677,  have 
yielded  numerous  fragments  of  plants,  which  may  be  the  relics  of  the  vegetation 
of  an  island  in  the  Jurassic  sea.  From  the  Oxford  clay,  Corallian  beds,  and  the 
Kimeridge  clay  a  comparatively  small  number  of  plants  have  been  obtained,  while 
from  the  overlying  Portland  ian  and  Purbeck  series  the  well-known  Cycadean 
stems  and  the  abundance  of  silicified  coniferous  wood  demonstrate  the  prominent 
role  played  by  gymnospermous  plants  in  the  ve^tation  of  the  land,  which  had 
gradually  encroached  on  the  Jurassic  ocean.  Finally,  a  rich  flora,  preserved  in 
the  freshwater  Wealden  sediments,  affords  a  striking  proof  of  the  slow  change 
in  the  character  of  the  vegetation  since  the  Inferior  Oolite  period. 

The  chief  features  in  the  floras  ranging  from  the  RhsBtic  to  the  Wealden  are 
briefly  described ;  an  attempt  is  made  to  determine  the  dominant  types  during  this 
long  succession  of  stages  in  the  earth's  history,  and  to  estimate  the  progress  of 
plant-evolution  from  the  close  of  the  Triassic  period  to  the  appearance  of 
Angiosperms  in  rocks  of  Lower  Cretaceous  age. 


5.  On  tJie  Structure  and  Origin  of  Jet,    By  A.  C.  Seward,  F.R.S, 

The  hard  jet  of  Whitby  appears  to  have  been  used  in  Britain  in  pre-I^man 
days ;  it  is  alluded  to  by  Oaedmon  and  mentioned  in  1350  in  the  Kecorda  of 
St.  Hilda's  Abbey.  It  was  formerly  extensively  mined  in  the  dife  of  the  York- 
shire coast,  near  Whitby  and  elsewhere ;  in  Eskdale,  Danby  Dale,  and  in  several 
of  the  dales  that  intersect  the  East  Yorkshire  moorlands.  The  hard  jet  occurs  in 
the  Ammonites  serpentinus  zone  of  the  Upper  Lias,  frequently  in  the  form  of 
flattened  masses  or  layers,  which  in  rare  cases  have  been  found  to  reach  a  length 
of  6  feet.  Parkinson  in  his  *  Or^nic  Kemains  of  a  Former  World '  (1811)  sp^ikB 
of  jet,  in  some  cases,  as  pure  bituminised  vegetable  matter,  and  the  majority  of 
writers  regard  it  as  having  been  found  as  a  product  of  alteration  of  plant  tissue*. 
On  the  other  hand  it  has  oeen  described  as  '  the  result  of  the  segregation  of  Uie 
bitumen'  in  the  intervals  of  the  jet  shales,  which  has  sometimes  formed  pseudo- 
mornhs  after  blocks  of  wood.V,^  The  author  has  recently  examined  several  sections 
of  Yorkshire  jet  in  the  British  Museum,  which  he  believes  demonstrate  the  origin 
of  this  substance  from  the  alteration  of  coniferous  wood  and,  in  part  at  least,  of 
wood  of  the  Araucarian  type. 

>  Tate  and  Blake,  The  TorJtshire  Lias,  1876. 
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The  occurrence  of  specimens  of  silicified  wood  bavinpr  a  coTering  layer  of  jet 
is  spoken  of  by  Young  in  his  *  Hifitory  of  Whitby '  (1817).  Sections  cut  from 
specimens  which  consist  in  part  of  petrified  wood  and  in  part  of  jet  enable  us  to 
trace  a  gradual  passage  from  well-preserved  Araucarian  wood  to  pure  jet,  which 
atfords  little  or  no  evidence  of  it«  ligneous  origin.  The  conclusion  arrived  at  is 
that  the  Whitby  jet  owes  its  origin  to  the  alteration  of  coniferous  wood.  The 
fact  that  jet  frequently  occurs  in  the  form  of  flattened  blocks  of  wood  in  all 
probability  admits  of  the  natural  explanation  tliat  the  jot  has  been  derived  from 
the  wood,  the  form  of  which  it  has  assumed,  and  not  that  the  jet  was  formed 
elsewhere  and  permeated  the  tissues  of  the  wood  as  a  fluid  bitumen. 


6.  On  Government  Planting  in  tlie  Isle  of  Man, 
By  G.  P.  Hughes,  F.RG.S, 

In  August  last  the  author,  by  permission  from  Mr.  Drinkwater,  Crown  Lauds 
liuceiver  in  the  Isle  of  Man,  inspected,  with  the  head  forester,  the  three  plantings 
of  about  1,000  acres  commenced  by  Sir  Henrj-  Lock  in  the  year  1882,  and  added 
to  on  a  larger  scale  by  his  successor,  the  late  Mr.  George  Galley,  when  Senior 
Commissioner  in  the  Department  of  Crown  Lands. 

The  author  was  informed  in  an  interview  with  Mr.  Watt,  of  Carlisle,  the 
contractor  who  supplied  the  trees  and  planters,  that  the  number  of  trees  per 
acre  was  5,000,  consisting  of  oak,  Douglas  birch,  beech,  silver,  Scotch,  and  Russian 
pine,  and  larch.  He  employed  eighty  of  his  nurserymen  from  Carlisle,  erecting 
houses  and  supplying  their  food  on  the  spot,  the  cost  being  9/.  per  acre,  inde- 
pendent of  a  five-foot  stone  wall,  which  must  hare  added  one  third  to  the  cost. 

The  land  had  no  surface  value,  being  ovci-grown  by  whins,  heath,  and  fern  upon 
shale  and  impervious  rock. 

Pruning  and  weeding  from  the  young  trees  up  to  now  have  been  imperative, 
but  over  one  half  of  the  planted  area  may  bo  dispensed  with,  the  trees  having 
mastered  the  situation.  On  the  more  exposed  parts  the  trees  had  suffered  from 
the  winds  and  were  dwarfed,  but  by  mutual  shelter  these  trees,  ranging  to  an 
elevation  of  mountain  1,000  feet  high,  have  a  healthy  appearance,  showing  that  they 
have  established  roots  and  promise  to  become  trees.  On  a  level  witli  the  lower 
elevation  planted,  the  Araucaria  imbricata  and  many  sub-tropical  trees  are 
thriving  in  the  open  at  Guba  Castle,  having  tree  shelter.  The  writer  made  the 
observation  that,  though  shelter,  the  prospective  possession  by  the  Government  of 
forested  lands  for  national  emergencies,  and  the  employment  of  labour  for  the 
islanders  were  leading  influences  with  the  Department  of  Crown  Lands,  the 
inhabitants  and  visitors  to  the  island  were  much  indebted  for  the  climatic  and 
pictorial  effects,  which  add  to  the  amenities  of  the  place  as  a  summer  and 
winter  health  resort.  The  thinning  of  these  plantations  should  shortly  com- 
mence, and  should  become  a  profit  to  the  Government,  and  a  great  convenience  to 
the  adjoining  mines  and  industries  of  the  island.  In  the  House  of  Commons  the 
work  of  the  Department  of  Crown  Lands  was  censured  by  a  few  cheese-paring 
economists,  but  in  the  Isle  of  Man,  so  far  as  could  be  judged,  their  work  was 
a  lesson  of  sound  judgment  and  exact  administration  with  tenacity  of  purpose 
resulting  in  the  assurance  of  success  in  the  near  future  and  an  enduring  monu- 
ment to  the  patriotic  forethought  of  the  eminent  Commissioners  by  whom  they 
were  originally  planned. 

7.  On  Spore-fomiation  in  Yeasts,     By  T,  Barker. 


8.  On  a  Diplodia  parasitic  on  Cacao  and  on  the  Sugar  Cane, 
By  A.  Howard. 

0.  On  Abnormal  Catkins  of  the  HazeL    By  Professor  F.  E.  Weiss,  B,Sc* 
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Section  L.-~EDUCATI0NAL  SCIENCE. 

President  of  the  Section — The  Eight  Hon.  Sir  John  E. 
GoBST,  K.C.,  M.P.,  F.11.S. 


THURSDAY,  SEPTEMBER  12. 
The  President  delivered  the  following  Address : — 

The  invitation  of  the  British  Association  to  preside  over  the  Section  of 
Education,  established  this  year  for  the  first  time,  has  been  given  to  me  a.s  a 
representative  of  that  Government  Department  which  controls  the  larger,  but 
perhaps  not  the  most  efficient,  part  of  the  Education  of  the  United  Kingdom.  The 
most  suitable  subject  for  my  opening  Address  would  therefore  seem  to  be  the 
proper  function  of  National  Authority,  whether  central  or  local,  in  the  education 
of  the  people ;  what  is  the  limit  of  its  obligations ;  what  is  the  part  of  Education 
in  which  it  can  lead  the  way ;  what  is  the  region  in  which  more  powerful  influ- 
ences are  at  work,  and  in  which  it  must  take  care  not  to  hinder  their  operation ; 
and  what  are  the  dangers  to  real  education  inseparable  from  a  general  national 
system.  I  shall  avoid  questions  of  the  division  of  functions  between  Central  and 
Local  Authorities,  beset  with  so  many  bitter  controversies,  which  are  political  rather 
than  educational. 

In  the  first  place,  so  far  as  the  mass  of  the  youth  6f  a  country  is  concerned,  the 
Public  Instructor  can  only  play  a  secondary  part  in  the  most  important  part  of  the 
education  of  the  young — the  development  of  character.  The  character  of  a  people 
is  by  far  its  most  important  attribute.  It  has  a  great  deal  more  moment  in  the 
affairs  of  the  world,  and  is  a  much  more  vital  factor  in  the  promotion  of  national 
power  and  influence,  and  in  the  spread  of  Empire,  than  either  physical  or  mental 
endowments.  The  character  of  each  generation  depends  in  the  mtdn  upon  the 
character  of  the  generation  which  precedes  it ;  of  other  causes  in  operation  the 
effect  is  comparatively  small.  A  generation  may  be  a  little  better  or  a  little  worse 
than  its  forefathers,  but  it  cannot  materially  diner  from  them.  Improvement  and 
degeneracy  are  alike  slow.  The  chief  causes  which  produce  formation  of  character 
are  met  with  in  the  homes  of  the  people.  They  are  of  great  variety  and  mostly 
too  subtle  to  be  controlled.  Eeligious  belief,  ideas,  iner^cable  often  in  maturer 
life,  imbibed  from  the  early  instruction  of  parents,  the  principles  of  morality  current 
amongst  brothers  and  sisters  and  playmates,  popular  superstitions,  national  and 
local  prejudices,  have  a  far  deeper  and  more  permanent  effect  upon  character 
than  the  instruction  given  in  schools  or  colleges.  The  teacher.  It  is  true,  exercises 
his  influence  among  the  rest.  Men  and  women  of  all  sorts,  from  university  pro- 
fessors to  village  dames,  have  stamped  some  jiart  of  their  own  character  upon  a 
large  proportion  of  their  disciples.  But  this  is  a  power  that  must  grow  feebler  as 
the  number  of  scholars  is  increased.  In  the  enormous  schools  and  classes  in  which 
the  public  instruction  of  the  greater  part  of  the  children  of  the  people  is  given 
the  influence  on  character  of  the  individual  teacher  is  reduced  to  a  minimum.  The 
old  village  dame  might  teach  her  half-dozen  children  to  be  kind  and  brave 
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and  to  speak  the  truth,  even  if  she  failed  to  teach  them  to  read  and  write.  The 
head  master  of  a  school  of  2,000,  or  the  teacher  of  a  class  of  eighty,  may  be  an 
incomparably  better  inteUectual  instructor,  but  it  is  impossible  for  him  to  exercise 
much  mdividual  influence  over  the  great  maas  of  his  scholars. 

There  are,  however,  certain  children  for  the  formation  of  whose  characters  the 
nation  is  directly  responsible — deserted  children,  destitute  orphans,  and  children 
whose  parents  are  criminals  or  paupers.  It  is  the  duty  and  interest  of  the  nation 
to  provide  for  the  moral  education  of  such  children  and  to  supply  artificially  the 
influences  of  individual  care  and  love.  The  neglect  of  this  obligation  is  as  injurious 
to  the  public  as  to  the  children.  Homes  and  schools  are  cheaper  than  prisons  and 
workhouses.  Such  a  practice  as  that  of  permitting  dissolute  pauper  parents  to 
remove  their  children  from  public  control  to  spend  the  summer  in  vice  and  beggary 
at  races  and  fairs,  to  be  returned  in  the  autumn,  corrupt  in  body  and  mind,  to 
spread  disease  and  vice  amongst  other  children  of  the  State,  would  not  be  tolerated 
in  a  community  intelligently  alive  to  its  own  interest. 

A  profound,  though  indirect  and  untraceable,  influence  upon  the  moral  educa- 
tion of  a  people  is  exercised  by  all  national  administration  and  legislation.  Every- 
thing'  which  tends  to  makQ  the  eideting  generation  wiser,  happier,  or  better  has  an 
indijrect  influence  on  the  children.  Better  dwellings,  unadulterated  food,  recreation 
grounds,  temperance,  sanitation,  will  all  afiect  the  character  of  the  rising  genera- 
tion. Regulations  for  public  instruction  also  influence  character.  A  military 
spirit  may  be  evoked  by  the  kind  of  physical  instruction  given.  Brutality  may  be 
developed  by  the  sort  of  pimishments  enjoined  or  permitted.  But  all  such  causes 
have  a  comparatively  slight  efiect  upon  national  character,  which  is  in  the  main 
the  product  for  good  or  evil  of  more  powerful  causes  which  operate,  not  in  the 
school,  but  in  the  home. 

For  the  physical  and  mental  development  of  children  it  is  now  admitted  to  be 
the  interest  and  duty  of  a  nation  in  its  collective  capacity  to  see  that  proper 
schools  are  provided  in  which  a  certain  minimum  of  primary  instruction  should  be 
free  and  compulsory  for  all,  and,  further,  secondary  instruction  should  be  available 
for  those  fitted  to  profit  by  it.  But  there  are  ditl'erences  of  opinion  as  to  the  age 
at  which  primary  instruction  should  be^in  and  end ;  as  to  the  subjects  it  shoidd 
embrace ;  as  to  the  qualifications  which  should  entitle  to  further  secondary 
instruction ;  and  as  to  how  fur  this  should  be  free  or  how  far  paid  for  by  the 
scholar  or  his  parents. 

The  age  at  which  school  attendance  should  begin  and  end  is  in  most  countries 
determined  by  economic,  rather  than  educational,  considerations.  Somebody 
must  take  charge  of  infants  in  order  that  mothers  may  be  at  leisure  to  work ; 
the  demand  for  child  labour  empties  schools  for  older  children.  In  the  United 
Kingdom  minding  babies  of  three  years  old  and  upwards  has  become  a  national 
function.  But  the  infant  'school,'  as  it  is  called,  should  be  conducted  as  a 
nursery,  not  as  a  place  of  learning.  The  chief  employment  of  the  children  should 
be  play.  No  strain  should  be  put  on  either  muscle  or  brain.  They  should  be 
treated  with  patient  kindness,  not  beaten  with  canes.  It  is  in  the  school  for 
older  children,  to  which  admission  should  not  be  until  seven  years  of  age, 
that  the  work  of  serious  instruction  should  begin,  and  that  at  first  for  not  more 
than  two  or  three  hours  a  day.  There  is  no  worse  mistake  than  to  attempt  by 
too  early  pressure  to  cure  the  evil  of  too  early  emancipation  from  school.  Beyond 
the  mechanical  accomplishments  of  reading,  writing,  and  ciphering,  essential  to 
any  intellectual  progress  in  after  life,  and  diy  facts  of  history  and  grammar,  by 
which  alone  they  are  too  often  supplemented,  it  is  for  the  interest  of  the  com- 
munity that  other  subjects  should  be  taught.  Some  efibrt  should  be  made  to 
develop  such  faculties  of  mind  and  body  as  are  latent  in  the  scholars.  The 
same  system  is  not  applicable  to  all ;  the  school  teachinfic  should  fit  in  with  the 
life  and  surroundings  of  the  child.  Variety,  not  uniformity,  should  be  the  rule. 
Unfortunately  the  various  methods  by  which  children's  minds  and  bodies  can  be 
encouraged  to  grow  tind  expand  are  still  imperfectbr  understood  by  many  of 
those  who  direct  or  impart  public  instruction.  Examinations  are  still  too 
often  regarded  as  the  best  instrument  for  promoting  mental  progress ;  and  a  large 
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proportion  of  the  cbildreu  in  schools,  both  elementarv  and  secondary,  are  not  really 
educated  at  all — they  are  only  prepared  for  examinations.  The  delicately  ex- 
panding intellect  is  crammed  with  ill-understood  and  ill-digeeted  facts,  because  it 
is  the  best  way  of  preparing  the  scholar  to  undergo  an  Examination-teet.  Leaminfr 
to  be  used  for  gaining  marks  is  stored  in  tbe  mind  by  a  mechanical  etTort  of 
memory,  and  is  forgotten  as  soon  as  the  Class-list  is  published.  Intellectual 
faculties  of  much  greater  importance  than  knowledge,  however  extensive — as 
useful  to  the  child  whose  schooling  will  cease  at  fourteen  as  to  the  child  for  whom 
elementary  instruction  is  but  the  first  step  in  the  ladder  of  learning — are  almost 
wholly  neglected. 

The  power  of  research — the  art  of  acquiring  information  for  oneself— on  which 
the  most  advanced  science  depends,  may  by  a  proper  system  be  cultivated  in  the 
youngest  scholar  of  the  most  elementary  school.  Curiosity  and  the  desire  to  find 
out  the  reason  of  things  is  a  natural,  and  to  the  ignorant  an  inconvenient,  pro- 
pensity of  almost  every  child ;  and  there  lies  before  the  instructor  the  whole  realm 
ot*  Nature  knowledge  in  which  this  propensity  can  be  cultivated.  If  children  in 
village  schools  spent  less  of  their  early  youth  in  learning  mechanically  to  read, 
write,  and  cipher,  and  more  in  searching  hedgerows  and  ditch-bottoms  for  flowen, 
insects,  or  other  natural  objects,  their  intelligence  would  be  developed  by  active 
research,  and  they  would  better  learn  to  read,  write,  and  cipher  in  the  end.  The 
faculty  of  finding  out  things  for  oneself  is  one  of  the  most  valuable  with  which  t 
child  can  be  endowed.  There  is  hardly  a  calling  or  business  in  life  in  which  it  ia 
not  better  to  know  how  to  search  out  information  than  to  posses  it  already 
Ptored.  Everything,  moreover,  which  is  discovered  sticks  in  the  memory  and 
becomes  a  more  secure  possession  for  life  than  facts  lazily  imbibed  from  books  and 
lectures.  The  faculty  of  turning  to  practical  uses  knowledge  possessed  might  be  more 
cultivated  in  Primary  Schools.  It  can  to  a  limited  extent,  but  to  a  limited  extent 
only,  be  tested  by  examination.  Essays,  compositions,  problems  in  mathematics 
and  science,  call  forth  the  power  of  using  acquired  knowledge.  Mere  acquiaitioB 
of  knowledge  does  not  necessarily  confer  the  power  to  make  use  of  iL  In  actail 
life  a  very  scanty  store  of  knowledge,  coupled  with  the  capacity  to  apply  it 
adroitly,  is  of  more  value  than  boundless  information  which  the  possessor  cannot 
turn  to  practical  use.  Some  measures  should  be  taken  to  cultivate  taatc  in 
Primary  Schools.  Children  are  keen  admirers.  They  can  be  early  taught  to 
look  for  and  appreciate  what  is  beautiful  in  drawing  and  painting,  in  poetry  and 
music,  in  nature,  and  in  life  and  character.  The  effect  of  such  learning  on  manners 
has  been  observed  from  remote  antiquity. 

I'hysical  exercises  are  a  proper  subject  for  Primary  Schools,  especially  in  the 
artificial  life  led  by  children  in  great  cities :  both  those  which  develop  chests  and 
limbs,  atrophied  by  impure  air  and  the  want  of  healthy  games,  and  those  which 
discipline  the  hand  and  the  eye — the  latter  to  perceive  and  appreciate  more  of 
what  is  seen,  the  former  to  obey  more  readily  and  exactly  the  impulses  of  the 
will.  Advantage  should  be  taken  of  the  fact  that  the  children  come  daily  under 
the  observation  of  a  quasi-public  officer — the  school  teacher — to  secure  them 
protection,  to  which  they  are  already  entitled  by  law,  against  hunger,  nakedDefi^ 
dirt,  over-work,  and  other  kinds  of  cruelty  and  neglect.  Children's  ailments  and 
diseases  should  by  periodic  inspection  be  detected :  the  milder  ones,  such  as  sores 
and  chilblains,  treated  on  the  spot,  the  more  serious  removed  to  the  care  of 
parents  or  hospitals.  Diseases  of  the  eye  and  all  maladies  that  would  impair 
the  capacity  of  a  child  to  earn  its  living  should  in  the  interest  of  the  community 
receive  prompt  attention  and  the  most  skilful  treatment  available.  Special 
schools  for  children  who  are  crippled,  blind,  deaf,  feeble-minded,  or  otherwise 
afflicted  should  be  provided  at  the  public  cost,  from  motives,  not  of  mere  philan- 
thropy, but  of  enlightened  self-interest.  So  far  as  they  improve  the  capacity  of 
such  children  they  lighten  the  burden  on  the  community. 

I  make  no  apology  for  having  dwelt  thus  long  upon  the  necessity  of  a  sound 
system  of  Primary  Instruction:  that  is  the  only  foundation  upon  which  a 
national  system  of  advanced  education  can  be  built.  Without  it  our  efforts  and 
our  money  will  be  thrown  away.    But  while  primary  mstmction  should  be 
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provided  for,  and  even  enforced  upon,  all,  advanced  instruction  is  for  the  few. 
It  is  the  interest  of  the  commonwealth  at  large  that  every  boy  and  girl  showing 
capacities  above  the  average  should  be  caught  and  given  the  best  opportunities 
for  developing  those  capacities.  It  is  not  its  interest  to  scatter  broadcast  a  huge 
system  of  higher  instruction  for  anyone  who  chooses  to  tAke  advantage  of  it, 
however  unfit  to  raceive  it.  Such  a  course  is  a  waste  of  public  resources.  The 
broadcast  education  is  necessarily  of  an  inferior  character,  as  the  expenditure 
which  public  opinion  will  at  present  sanction  is  only  sufficient  to  provide 
education  of  a  really  high  calibre  for  those  whose  ultimate  attainments  will 
repay  the  nation  for  its  outlay  on  their  instruction.  It  is  essential  that  these  few 
should  not  belong  to  one  class  or  caste,  but  should  be  selected  from  the  mass  of 
the  people,  and  be  really  the  intellectual  elite  of  the  rising  generation.  It  must, 
however,  be  confessed  that  the  arrangements  for  selecting  these  choice  scholars  to 
whom  it  is  remunerative  for  the  community  to  give  advanced  instruction  are  most 
imperfect.  No  'capacity-catching  machine'  has  been  invented  which  does  not 
perform  its  function  most  imperfectly :  it  lets  go  some  it  ought  to  keep,  and  it 
keeps  some  it  ought  to  let  go.  Competitive  examination,  besides  spoiling  more  or 
less  the  education  of  all  the  competitors,  fails  to  pick  out  those  capable  of  the 
greatest  development.  It  is  the  smartest,  who  are  also  sometimes  the  shallowest, 
who  succeed.  '  Whoever  thinks  in  an  examination,'  an  eminent  Cambridge  tutor 
used  to  say, '  is  lost.'  Nor  is  position  in  class  obtained  by  early  progress  in  learning 
an  infallible  guide.  The  duoce  of  the  school  sometimes  becomes  the  profound 
thinker  of  later  life.  Some  of  the  most  brilliant  geniuses  in  art  and  science  have 
only  developed  in  manhood.  They  would  never  in  their  boyhood  have  gained  a 
county  scholarship  in  a  competitive  examination. 

In  Primary  Schools,  while  minor  varieties  are  admissible,  those, '  for  instance, 
between  town  and  country,  the  public  instruction  provided  is  mainly  of  one  type ; 
but  any  useful  scheme  of  higher  education  must  embrace  a  great  variety  of 
methods  and  courses  of  instruction.  There  are  roughly  at  the  outset  two  main 
divisions  of  higher  education — the  one  directed  to  tne  pursuit  of  knowledge  for 
its  own  sake,  of  which  the  practical  result  cannot  yet  be  foreseen,  whereby  the 
*  scholar '  and  the  votary  of  pure  science  is  evolved ;  the  other  directed  to  the 
acquisition  and  application  of  special  knowledge  by  which  the  craftsman,  the 
designer,  and  the  teacher  are  produced.  The  former  of  these  is  called  Secondary, 
the  latter  Technical,  Education.  Both  have  numerous  subdivisions  which  trend 
in  special  directions. 

The  varieties  of  secondary  education  in  the  former  of  these  main  divisions 
would  have  to  be  determined  generally  by  considerations  of  age.  There  must  be 
different  courses  of  study  for  those  whose  education  is  to  terminate  at  sixteen, 
at  eighteen,  and  at  twenty-two  or  twenty-three.  Within  each  of  these  divisions, 
also,  there  would  be  at  least  two  types  of  instruction,  mainly  according  as  the 
student  devoted  himself  chiefly  to  literature  and  language,  or  to  mathematics  and 
science.  But  a  general  characteristic  of  all  Secondary  Schools  is  that  their  express 
aim  is  much  more  individual  than  that  of  the  Primary  School :  it  is  to  develop 
the  potential  capacity  of  each  individual  scholar  to  the  highest  point,  ratlier 
than  to  give,  as  does  the  Elementary  School,  much  the  same  modicum  to  all.  For 
these  reasons  it  is  essential  to  have  small  classes,  a  highly  educated  staff,  and 
methods  of  instruction  very  different  from  those  of  the  Primary  School.  In  ihe 
formation  of  character  the  old  Secondary  Schools  of  Great  Britain  have  held  their 
own  veith  any  in  the  world.  In  the  rapid  development  of  new  Secondary  Schools 
in  our  cities  it  is  most  desirable  that  this  great  tradition  of  British  Public  School 
life  should  be  introduced  and  maintained.  It  is  not  unscientific  to  conclude  that 
the  special  gift  of  colonising  and  administering  dependencies,  so  characteristic  of 
the  people  of  the  United  Kingdom,  is  the  result  of  that  system  of  self-government 
to  whicn  every  boy  in  our  higher  Public  Schools  is  early  initiated.  But  while 
we  boast  of  the  excellence  of  our  higher  schools  on  the  character-forndng  side  of 
their  work,  we  must  frankly  admit  that  there  is  room  for  improvement  on  their 
intellectual  side.  Classics  and  mathematics  have  engrossed  too  large  a  share  of 
attention ;  science,  as  part  of  a  general  liberal  education,  has  been  but  recently 
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admitted,  and  hi  still  imperfectly  estimated.  Too  little  time  is  devoted  to  it  as  a 
school  sabiect:  its  investigations  and  its  results  are  misunderstood  and  ander^ 
valued.  Tradition  in  most  schools^  nearly  always  literary,  alters  slowly,  and  tbe 
revolutionary  methods  of  science  find  all  the  prejudices  of  antiquity  arrayed 
against  them.  Even  in  scientific  studies,  lack  of  time  and  the  obligation  to 
prepare  scholars  to  pass  examinations  cause  too  much  attention  to  be  paid  to 
theory,  and  too  little  to  practice,  though  it  is  by  the  latter  that  the  power  of 
original  research  and  of  original  application  of  acquired  knowledge  is  beat  Iwooght 
out.  The  acquisition  of  modem  languag^es  was  in  bygone  generations  alnrat 
entirely  neglected.  In  many  schools  the  time  given  to  mis  subject  is  still  inade- 
quate, the  method  of  teaching  antiquated,  the  results  unsatisfiactory.  Bat  the 
absolute  necessity  of  such  knowledge  in  literature,  in  science,  and  in  commeice  is 
already  producing  a  most  salutary  reform. 

The  variety  of  types  of  secondary  instruction  demanded  by  the  various  needs 
and  prospects  of  scholars  requires  a  corresponding  variety  in  the  proviaion  of 
schools.  This  cannot  be  settled  by  a  rule-of-three  method,  as  is  done  in  the  ca^ 
of  primary  instruction.  We  cannot  say  that  such  and  such  an  area  being  of  such 
a  size  and  of  such  a  population  requires  so  many  Secondary  Schools  of  soch  a 
capacity.  Account  must  be  taken  in  every  place  of  the  respective  demands  for 
respective  types  and  grades  of  secondary  education ;  and  existing  provision  most 
be  considerea. 

It  must  not,  however,  be  forgotten  that  a  nationf^  system  of  education  has  its 
drawbacks  as  well  as  its  advantages.  The  most  fatal  danger  is  the  tendency  of 
public  instruction  to  suppress  or  absorb  all  other  agencies,  however  long  esta- 
blished, however  excellent  their  work,  and  to  substitute  one  uniform  mechanical 
system,  destructive  alike  to  present  life  and  future  progress.  In  oar  eountiy, 
where  there  are  public  schools  of  the  highest  repute  carried  on  for  the  moat  part 
under  ancient  endowments,  private  schools  of  individuals  and  assodationa,  and 
Universities  entirely  independent  of  the  Qovemment,  there  is  reasonable  hope  that 
with  proper  care  this  peril  may  be  escaped.  But  its  existence  should  never  be 
forgotten.  Universal  efficiency  in  all  establishments  that  profess  to  educate  any 
section  of  the  people  may  properly  be  required ;  but  the  variety,  the  individuality, 
and  the  independence  of  schools  of  every  sort,  primary  and  secondary,  higher  and 
lower,  should  be  jealously  guarded.  Such  attributes  once  lost  can  never  be 
restored. 

There  still  remains  for  our  consideration  the  second  division  of  Higher  Edoca- 
tion,  viz.,  the  applied  or  technological  side.  It  is  in  this  branch  of  Education  that 
Great  Britain  is  most  behind  the  rest  of  the  world ;  and  the  nation  in  ita  efibrts  to 
make  up  the  lost  ground  fails  to  recognise  the  fact  that  real  technical  instraetioe 
(of  whatever  type)  cannot  possibly  be  assimilated  by  a  student  unless  a  proper 
foundation  has  been  laid  previously  by  a  thorough  grounding  of  elementary  and 
secondary  instruction.  Our  efibrts  at  reform  are  abrupt  and  disconnected.  A 'panic 
from  time  to  time  sets  in  as  to  our  backwardness  in  some  particular  branch  oi 
commerce  or  industry.  There  is  a  sudden  rush  to  supply  the  need.  Classes  and 
schools  spring  up  like  mushrooms,  which  profess  to  give  instruction  in  the  lackii^ 
branch  oi  applied  science  to  scholars  who  have  no  elementary  knowledge  of  the 
particular  science,  and  whose  general  capacities  have  never  been  sufficieotly 
developed.  Students  are  invited  to  chmb  the  higher  rungs  of  the  ladder  <^ 
learning  who  have  never  trod  the  lower.  But  science  cannot  be  taught  to  those 
who  cannot  read,  nor  commerce  to  those  who  cannot  write.  A  few  elementary 
lessons  in  shorthand  and  book-keeping  will  not  fit  the  British  people  to  compete 
with  the  commercial  enterprise  oi  Germany.  Such  sudden  and  random  attempts 
to  reform  our  system  of  technical  education  are  time  and  money  wasted.  These 
are  grades  and  types  in  technological  instruction,  and  progress  can  only  be  alow. 
It  is  useless  to  accept  in  tJie  higher  branches  a  student  who  does  not  come  with 
a  solid  foundation  on  which  to  build.  In  such  institutions  as  the  Polytechnics  at 
Zurich  and  Oharlottenburg  we  find  the  students  exclusively  drawn  from  those 
who  have  already  completed  the  highest  branches  of  general  education ;  in  this 
country  there  is  hardly  a  single  institution  where  this  could  be  sud  of  more  than 
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a  mere  fraction  of  its  students.  The  middle  grades  of  technological  instruction 
suffer  from  a  similar  defect.  Boys  are  entered  at  technical  institutions  whose 
only  previous  instruction  has  been  at  elementary  schools  and  evening  classes ; 
whose  intellectual  faculties  have  not  been  developed  to  the  requisite  point ;  and 
who  have  to  be  retaugbt  the  elements  to  fit  them  for  the  higher  instruction.  In 
&ct  there  is  no  scientific  conception  of  what  this  kind  of  instruction  is  to  accom- 
plish, and  of  its- proper  and  necessary  basis  of  general  education. 

Tet  this  is  just  the  division  of  Higher  Education  in  which  Public  Authority 
finds  a  field  for  its  operations  practically  unoccupied.  There  are  no 
ancient  institutions  which  there  is  nsk  of  supplanting.  The  variety  of  the 
subject  itself  is  such  that  there  is  little  danger  of  sinking  into  a  uniform  and 
mechanical  system.  What  is  required  is  first  a  scientificy  well-thought-out 
plan  and  then  its  prompt  and  efiective  execution.  A  proper  provision  of  the 
various  grades  and  types  of  technological  instruction  should  be  organised  in  every 
place.  The  aim  of  each  institution  should  be  clear ;  and  the  intellectual  equip- 
ment essential  for  admission  to  each  should  be  laid  down  and  enforced.  The 
principles  of  true  economy,  from  the  national  point  of  view,  must  not  be  lost  sight 
of.  Provision  can  only  lie  made  (since  it  must  be  of  the  highest  type  to  be  of  the 
slightest  use)  for  those  really  qualified  to  profit  by  it  to  the  point  of  benefiting 
the  community.  Evening  classes  with  no  standard  for  admission  and  no 
test  of  efficiency  may  be  valuable  from  a  social  point  of  view  as  providing 
imiocent  occupation  and  amusement,  but  they  are  doing  little  to  raise  the  tech- 
nical capacity  of  the  nation.  So  far  from  'developing  a  popular  demand  for 
higher  instruction '  they  may  be  preventing  its  proper  growth  by  perpetuating  the 
popular  misconception  of  what  real  technical  instruction  is,  and  of  the  sacrifices  we 
must  make  if  our  people  are  to  compete  on  equal  terms  with  other  nations  in  the 
commerce  of  the  world.  The  progress  made  under  such  a  system  would  at  first 
be  slow ;  the  number  of  students  would  bo  few  until  improvements  in  our  systems 
of  primary  and  secondary  instruction  afibrded  more  abundant  material  on  which 
to  work ;  but  our  foundation  would  be  on  a  rock,  and  every  addition  we  were  able 
to  make  would  be  permanent,  and  contribute  to  the  final  completion  of  the 
edifice. 

It  is  the  special  function  of  the  British  Association  to  inculcate  *  a  scientific 
view  of  things  *  in  every  department  of  life.  There  is  nothing  in  which  scientific 
conception  is  at  the  present  moment  more  urgently  required  than  in  National 
Education ;  and  there  is  this  peculiar  difficulty  in  the  problem,  that  any  attempt  to 
construct  a  national  system  inevitably  arouses  burning  controversies,  economical, 
religious,  and  political.  It  is  only  a  society  like  this,  with  an  established  philo- 
sophical character,  that  can  afibrd  to  reduce  popular  cries  about  education  (which 
ignore  what  education  really  is,  and  perpetuate  the  absurdity  that  it  consists  in 
attending  classes,  passing  examinations,  and  obtaining  certificates)  to  their  true 
proportions.  If  this  Association  could  succeed  in  establishing  in  the  minds  of  the 
people  a  scientific  conception  of  a  National  Education  System,  such  as  has  already 
Deen  evolved  by  most  of  the  nations  of  Europe,  the  States  of  America,  and  our 
own  Colonies,  it  would  have  rendered  a  service  of  inestimable  value  to  the 
British  nation. 


The  following  Papers  were  read : — 

1.  The  Organisation  of  Secondary  Education, 
By  Sir  Henry  E.  Roscob,  F,R,S, 


2.  The  Mechanism  for  Education  in  Scotland.    By  John  Adams. 

In  Scotland  the  School  Board  system  is  universal.  The  whole  country  is 
divided  up  into  School  Board  areas.  It  is  true  that  there  are  a  number  of  Volun- 
tary schools  throughout  the  country,  mainly  connected  with  the  Episcopalian 
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and  Roman  Catholic  Cliurches,  but  these  make  up  less  than  twelve  per  cent,  of 
the  whoJo. 

Between  the  years  of  five  and  fourteen  education  is  compulsoryi  but  exemption 
may  be  obtained  in  whole  or  in  part  on  passing  certain  examinations. 

In  Scotland  the  line  of  division  between  primary  and  secondary  schools  is  not 
nearly  so  clear  as  in  England.  '  Public  School '  means  in  Scotland  any  school, 
whether  primary  or  secondary,  that  is  under  the  management  of  a  School  Board. 
By  the  Education  (Scotland)  Act,  1872,  eleven  schools  were  scheduled  as  His/her 
Class  Public  Schools.  There  are  now  thirty  such  schools,  all  of  them  placed  entirely 
under  the  control  of  School  Boards  '  with  a  view  to  promote  the  higher  education 
of  the  country.'  The  fundamental  difference  between  these  and  all  the  other 
public  schools  of  Scotland  is  that  the  Uisher  Class  Schools  are  debarred  from 
earning  the  annual  parliamentary  arrant.  All  the  other  public  schools  are  usually 
referred  to  as  *  grant-earning.'  Voluntary  schools  are  also  grant-earning,  since 
they  receive  all  the  grants  of  the  ordinary  public  schools,  with  the  addition  of  an  - 
annual  grant  of  three  shiUings  per  pupil  in  average  attendance. 

The  Higher  Class  Public  School  are  supported  by  contributions  from  the 
municipal  authorities  of  the  district,  accordmg  to  ancient  custom,  by  certain 
endowments  varying  with  each  case,  by  i'ees,  and  by  the  rates.  If  need  be,  the 
School  Board  may  charge  all  the  expenses  of  a  Higher  Class  School  on  the  rates, 
except  the  salaries  of  teachers.  The  Board  has  frreat  freedom  in  dealing  with  the 
Higher  Class  Schools.  It  determines  the  qualifications  to  be  demanded  from  the 
teachers,  and  has  the  power  of  causing  candidates  for  the  post  of  teacher  to  be 
examined.  This  power  is  rarelvi  if  ever,  exercised.  The  qualification  demanded  is 
usually  the  possession  of  a  University  degree.  These  schools  are  examined 
a)inuaily. 

The  grant-earning  schools  are  subject  to  many  more  restrictions.  Only  duly 
certificated  teachers  can  be  employed,  and  certain  rigid  rules  about  registration, 
accommodation,  time-tables,  religious  instruction,  have  to  be  attended  to.  The 
annual  grant  depends  upon  the  report  made  by  an  inspector  representing  the 
Scotch  Education  Department.  As  to  the  subjects  studied,  however,  there  is  no 
rigid  line  marking  ofi'  the  grant-earning  schools  from  the  others.  The  tradition  of 
the  Scottish  Parish  School  is  that  each  school  is  fit  to  prepare  a  lad  to  go  direct 
from  school  to  imiversity,  and  in  the  north-east  of  Scotland — thanks  to  the  Dick 
and  Milne  Bequests — the  tradition  is  justified  to  this  day.  Speaking  broadly, 
however,  the  grant-earning  school  contents  itself  with  efficient  elementary  work. 
The  Merit  Certificate  represents  the  attainments  aimed  at  in  the  elementarv  public 
schools.  To  gain  this  certificate  the  pupil  must  give  evidence  of  a  thorough 
grounding  in  reading,  writing,  and  arithmetic,  and  must  have  a  good  working 
knowledge  of  elementary  English,  nature  knowledge,  and  the  more  practical 
aspects  of  geography,  with  some  general  acquaintance  with  British  history.  But 
wherever  there  is  the  least  desire  for  higher  education,  arrangements  are  madn 
to  carry  the  pupil  beyond  the  Merit  Certificate  stage.  This  may  bn  done  in  either 
of  two  ways :  (1)  An  Advanced  Department  may  be  formed,  in  which  pupils  who 
have  gained  the  Merit  Certificate  may  be  taught,  m  classes  of  not  more  than  forty, 
the  subjects  of  English,  geography,  history,  arithmetic,  and  as  a  rule  drawing; 
and  in  addition  such  of  the  following  subjects  as  are  foimd  suitable  under  the  cir- 
cumstances :  languages,  mathematics,  science.  (2)  A  Higher  Grade  Department 
may  be  established,  or  a  whole  school  in  a  district  may  bo  set  apart  as  a  Higher 
Grade  School.  In  these  schools  or  departments  there  must  be  a  duly  qualified 
teacher  for  every  thirty  or  fewer  pupils  on  the  roll,  and  there  must  be  a  well- 
defined  course  of  instruction  approved  by  the  Department,  and  extending  over  not 
less  than  three  years.  The  cJducation  in  such  schools  may  be  predominantly 
scientific  or  predominantly  commercial,  or  they  may  give  a  course  specially  adapted 
for  girls,  or  for  any  special  class  of  pupils.  Considerable  latitude  is  permitted  in 
proposing  courses  of  study,  even  classical  subiects  being  permitted  as  a  subordinate 
part  of  a  course  that  otherwise  satisfies  the  department.  But  stringent  conditions 
are  laid  down  to  prevent  scrappiuess. 

As  matters  stand.  Advanced  Departments  and  Higher  Grade  Schools  ore  meant 
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to  be  ends  in  themselves.  The  pupil  when  finished  with  them  is  regarded  ns 
having  completed  his  education.  The  Higher  Class  Schools  seek  to  prepare  their 
pupils  for  the  University,  though  naturally  a  laijfe  proportion  of  their  pupils  do 
not  carry  on  their  studies  beyond  the  school.  The  Leaving  Certificate  Exami- 
nation holds  the  same  relation  to  the  Higher  Class  School  that  the  Merit  Certificate 
holds  to  the  Elementary  Grant-earning  School.  In  the  meantime  the  subjects  of 
the  Leaving  Certificate  Examination  may  be  taken  singly,  but  certificates  are  now 
being  issued  also  in  group,  this  grouping  implving  school  attendance  as  well  as 
mere  passing  of  examinations.  Subject  for  subject  these  Leaving  Certificates  are 
accepted  by  the  Universities  as  exempting  from  the  corresponding  subjects  in  the 
University  Preliminary  Examination.  Probably  in  a  few  years  the  Leaving 
Certificate  will  practically  take  the  place  of  the  University  Preliminary  Exami- 
nation. 

Besides  the  Higher  Class  Public  Schools  there  are  tho  usual  endowed  schools 
and  company  schools,  which  exceed  in  number  and  rival  in  efliciency  the  School 
Board  scnools.  By  the  Technical  Schools  (Scotland)  Act,  1887,  and  subsequent 
amendments,  School  Boards  have  the  power  of  founding  and  maintaining  at  the 
expense  of  the  ratepayers  technical  schools  in  subjects  needed  in  tbeir  districts. 

There  aie  thirty-nine  Secondary  Education  Committees,  each  representing  a 
county,  a  burgh,  or  a  parish — mostly  counties — whose  function  is  to  distribute 
certain  moneys  that  are  set  apart  by  the  Government  each  year  for  the  purpose  of 
assisting  secondary  education.  The  Scotch  Education  Department  is  represented 
on  each  of  these  Committees  by  one  of  His  Majesty's  Inspectors  of  Schools.  Those 
Committees  wield  a  very  important  influence  by  the  metbods  in  which  they  allocate 
the  funds.  The  County  Councils,  too,  have  the  power  of  aiding  secondary  or 
technical  education  out  of  certain  grants  made  to  them  for  various  local  purposes. 
There  is  a  general  desire  for  some  unification  of  all  the  difierent  authorities  that 
thus  influence,  sometimes  in  opposite  ways,  the  course  of  Secondary  Education  in 
Scotland.  Some  recommend  the  handing  over  of  Education  to  the  County 
Councils,  to  be  dealt  with  along  with  tbe  other  matters  of  local  government ; 
others  desire  an  extension  of  the  School  Board  area,  leaving  the  control  of  all 
educational  matters,  whether  primary  or  secondary,  in  the  hands  of  School  Boards 
representing  counties  or  other  large  areas. 


3.  Organisation  of  Education  in  Glasgow,     By  Dr.  W.  Jacks. 


4.  The  Training  of  the  Practical  Man, 
By  Dr.  John  G.  Kerr,  Head  Master  of  Allan  Glen*s  School y  Glasgoiv. 

The  author  quoted  Carlyle  to  the  effect  that  '  the  grand  result  of  schooling 
was  a  mind  with  just  vision  to  discern,  with  free  force  to  do,*  and  considerecl 
whether  the  system  of  education  at  present  provided  was  in  the  direction  of 
encouraging  that  independent  thought  and  action  which  marked  the  practical 
man  in  the  best  sense.  The  kindergarten  and  the  primary  school,  in  Br.  Kerr's 
opinion,  were  now  offering  a  liberal  discipline,  and  the  conditions  under  which 
the  merit  certificate  was  obtained  secured  breadth  of  general  and  practical 
training.  That  there  were  in  the  Glasgow  area  last  year  over  20,000  enrolments 
for  special  courses  of  instruction  in  evening  continuation  schools  was  fair  proof  of 
the  efficiency  of  the  primary  school  system.  Considering  those  pupils  who 
passed  into  secondary  schools  and  the  average  duration  of  secondary  school  life, 
Dr.  Kerr  pointed  out  that  the  superiority  of  Germany  was  to  some  extent  duo  to 
its  military  system  and  to  the  operation  of  *  the  certificate  for  one  year's  military 
service,'  for  that  certificate  not  only  reduced  military  service,  but  qualified  for 
businesses,  opened  the  way  to  higher  studies,  and  stamped  the  educated  classes. 
If  our  secondary  school  work  was  to  grow  there  must  be  inducements  to  keep 
promising  pupils  at  school.  The  agencies  which  were  at  present  concerned  with 
the  prebmmary  training  of  those  who  were  to  be  engaged  in  industries   and 


Digitized  by 


Google 


866  REPORT — 1901. 

manufactures  were  higher  grade  flchools  and  Bchools  of  science.  The  methods 
followed  were  explained,  and  Dr.  Kerr  declared  that  most  Taluahle  results  might 
be  anticipated  from  the  highly  practical  training  they  provided.  He  argued  in 
favour  of  the  institution  of  maintenance  Bcholarships,  which  would  merely  be 
payments  during  the  period  of  preparation  for  capable  citizenship,  and  he  con- 
tended that  the  able  youth  who  had  to  face  such  a  trade  as  engineering  should 
not  be  required  to  work  through  five  years'  apprenticeship  in  the  shops  if  the 
school  training  which  he  had  received  justified  a  reduction.  With  increased 
school  training  the  genuinely  capable  youth  would  make  the  very  most  of  his 
workshop  experiences,  would  more  easily  find  his  way  to  higher  positions,  and  be 
likely  to  do  oetter  national  service  than  could  be  expected  from  the  less  educated 
youth  who  had  been  hurried  into  hard  manual  worn  before  a  basis  of  knowledge 
bad  been  laid  or  good  intellectual  habits  acquired. 

Dr.  Kerr  anticipated  no  serious  objections  to  diminished  apprenticeship  from 
the  trades  unions,  and  the  capitalist  employer  would  not  be  altogether  influenced 
in  his  attitude  by  the  profitableness  of  apprenticeship  labour.  It  was  the  case 
that  many  apprentices  of  ability  were  discouraged,  and  it  was  true  that  many 
other  promising  youths  of  scientific  and  mechanical  turn  kept  clear  of  apprentice- 
ship. But  Britain  could  not  afibrd  to  let  capacity  go  to  waste,  and  accordingly 
every  effort  should  be  made  to  discover  and  train  for  industries  youths  of  first- 
class  brain-power.  France,  in  appljrin^  prudent  and  skilful  methods  of  ftlimiwutiwg 
the  imfit  from  point  to  point  in  the  higher  practical  schools,  had  set  an  example 
which  might  be  followed  with  profit. 


FRIDAY,  SEPTEMBER  13. 

The  following  Papers  were  read : — 

1.  The  Future  Work  of  the  Section. 
By  Professor  H.  E.  Armstrong,  F,B,S. 


2.  The  Experimental  Method  of  Teaching, 
By  Professor  L.  C.  Miall,  FM.S. 


3.  On  the  Scope  of  the  Science  of  Education, 
By  Professor  H.  L.  Withers. 

At  the  outset  of  the  work  of  the  new  Section  of  Educational  Science  it  is  of 
extreme  importance  that  we  should  come  to  some  working  a^ement  about  its 
scope.  There  is  grave  risk  of  our  being  overwhelmed  by  a  multitude  of  interesting 
proolems,  some  of  which  cannot  properly  be  attacked  before  we  have  settfed  oar 
procedure  and  arranged  our  topics  in  some  sort  of  order  of  priority  and  propor- 
tional importance.  In  that  case  our  discussions  are  likely  to  be  no  more  convincing 
than  the  debates  of  the  many  scores  of  clubs  and  societies  which  are  already  pour- 
ing out  an  endless  stream  of  papers  and  treatises  on  educational  subjects.  We 
must  begin  with  the  matters  which  are  most  fundamental  and  central,  and  leaTe 
for  a  while  those  which  are  subordinate  and  marginal. 

We  start  with  the  claim  that  there  is  such  a  stud^  as  the  science  of  education. 
A  study  does  not  hecome  a  science  until  it  is  systematic,  orderly,  and  oontinoous ; 
until  the  field  of  its  investigations  is  marked  out ;  and  until  the  terms  which  it  uses 
are  defined  with  some  precision.  Until  this  point  is  reached  everything  remains  a 
matter  of  opinion  and  prejudice,  and  no  genuine  advance  in  thought  is  possible. 
We  must  admit  that  this  point  has  not  yet  been  reached  in  the  British  study  of 
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education,  and  it  is  the  difticult  and  responsible  duty  of  this  Section  to  attempt  to 
place  our  study  upon  an  objectiye  and  truly  scientific  basis. 

The  necessity  for  a  scientific  study  of  education  has  been  brought  home  to  the 
British  Association  by  the  force  of  events.  Discussions  have  arisen  from  time  to 
time  in  the  various  Sections  as  to  the  true  methods  of  teaching  different  subjects  of 
science.  In  the  Section  of  Chemistry  much  valuable  work  has  been  done,  under 
the  lead  of  Professor  Armstrong,  by  means  of  a  committee  woridng  in  co-opera-> 
tion  with  practicid  teachers.  Much  also  has  been  accomplished  by  the  Geo- 
graphical Section  for  the  reform  of  methods  of  instruction  in  geography. 

There  can  be  no  doubt  that  this  plan  of  treating  education  m  separate  de- 
partments makes  an  admirable  introduction  to  further  investigation,  but  it   is 
clearly  inadequate  in  scope  and  faulty  in  method  unless  it  be  carried  into  a  much 
wider  field.    To  begin  with,  the  different  Sections  of  the  Association  only  touch 
a  small  part  of  the  whole  sphere  of  education.    They  leave  out  almost  all  that  is 
implied  in  the  training  of  the  character  and  the  feelings,  the  cultivation  of  the 
power  of  expression  through  language,  and  the  enlargement  of  sympathy  that 
comes  through  the  study  of  literature.    Secondly,  such  a  method  of^^  dealing  with 
single  subjects  by  themselves  is  unsound  both  in  logic  and  in  practice.    The 
practical  schoolmaster  is  attacked  by  specialists  in  an  endless  number  of  subjects, 
each  one  of  whom  demands  that  his  own  speciality  shall  be  taught,  and  taught 
thoroughly.     The  schoolmaster  cannot  possibly  teach  them  all ;  he  must  make 
some  selection  among  them.    On  what  rational  grounds  is  he  to  do  this  P    His 
school  time-table  shows  his  practical  answer ;  he  divides  the  twenty-five  hours  a 
week  which  he  has  to  distribute  among  the  different  parts  of  the  curriculum  in 
eertain  proportions,  giving,  let  us  say,  five  hours  to  mathematics,  two  to  history, 
five  to  the  study  of  the  mother  tongue  and  its  literature,  and  so  forth.    K  he  has 
any  well-considered  and  intelligible  account  to  give  of  his  time-table,  that  account 
must  be  rendered  in  the  terms  of  some  theory  of  the  comparative  importance  of 
the  various  subjects  to  his  pupils.    This  implies  some  conception  of  an  ordered 
system  of  knowledge  as  a  wnole,  quite  apart  from  the  individual  claims  of  special- 
ists.   This  theory  of  the  curriculum  is  an  important  part  of  the  science  of  educa- 
tion.   Again,  if  we  turn  to  the  question  of  methods  of  instruction  we  cannot 
polve  the  problems  which  they  raise  by  referring  to  the  different  subjects  in  isola- 
tion.   For  instance,  are  we  to  teach  geometry  demonstratively  in  tne  method  of 
!Euclid,  or  concretely  and  through  physical  apj)lications  P     We  can  get  no  sure 
answer  by  appealing  to  the  mathematical  specialists.    They  will  tell  us  that  it 
depends  what  our  object  is  in  teaching  geometry  j  what  mental  powers  we  wish  to 
train ;  what  later  applications  we  intend  to  make  of  the  geometrical  faculty  when 
acquired.  That  is,  we  find  oiurselves  referred  partly  to  a  consideration  of  the  total 
aim  and  purpose  of  our  education  and  partly  to  its  technical  bearings.    And  these 
nre  not  mathematical  considerations  at  all.     Similarly,  if  we  are  asked  how  we 
are  to  teach  a  lan^age,  let  us  say  French,  we  cannot  give  a  satisfactory  answer  in 
terms  of  French  linguistic  science  alone.    We  must  reply  that  it  depends  upon  our 
purpose  in  teaching  French,  whether,  that  is,  we  desire  to  make  it  a  key  to  knowledge 
of  one  of  the  foremost  literatures  in  Europe,  or  whether  we  desire  to  give  a  power  to 
conduct  commercial  correspondence  in  French,  or  whether  we  aim  at  both  of  these 
ends  and  many  others  that  might  be  named.     There  is  no  such  thing  as  a  method 
in  the  abstract.   A  method  is  a  means  to  an  end,  and  varies  indefinitely  in  relation 
to  that  end. 

It  is  clear,  therefore,  that  the  science  of  teaching  is  not  the  same  thing  as  the 
teaching  of  science.  The  study  which  belongs  to  Section  L  must  be,  in  a  sense, 
independent  of  the  subjects  studied  in  the  other  Sections,  although,  in  another 
sense,  it  is  closely  bound  up  with  them.  The  great  work  which  the  Section  can 
do  is  to  introduce  some  kind  of  order  into  the  confusion  which  rages  at  present  in 
educational  controversy.  It  can  achieve  this  only  by  simplifying  and  concen- 
trating its  field  of  work,  by  defining  its  scope,  and  by  aiming  at  an  orderly  and 
systematic  treatment  of  its  main  topics. 

We  may  best  arrive  at  an  idea  of  the  scope  of  educational  science  by  consider- 
ing the  following  questions :  What  is  it  that  the  educator  should  study  and  practise 
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npnrt  altogether  from  the  two  or  three  departments  of  knowledge  in  which  lie  may 
happt»n  to  be  a  specialist  ?  What  are  the  chief  topics  in  regard  to  which  he  ought 
to  seek  after  clear  ideas  and  sound  action  ? 

We  must  begin,  must  we  not  ?  with  a  rough  working  definition  of  education 
itself.  Education  is  a  living  process  in  virtue  of  which  the  partly  developed 
young  of  the  human  species  are  adjusted  by  nourishment  and  exercise  to  ibf" 
environment  in  which,  when  fully  grown,  they  will  have  to  continue  to  live. 
That  environment  is  partly  physical  and  partly  human. 

Hetdthy  activity  in  relation  to  nature  and  man  may  serve  as  a  working  defini- 
tion of  our  end,  and  in  order  to  obtain  this  for  children  we  must  aim  at  clear  \^m 
about  the  following  points : — 

(a)  Physical  health  in  the  home  and  in  school. 

\h)  A  sound  correspondence,  implying  health  of  brain  and  nerves,  between  the 
mind  of  the  child  and  the  natural  phenomena  which  surround  it,  and  which 
form  the  back^und  of  human  life. 

(c)  A  cultivation  in  the  child  of  human  sympathy  with  the  commonityof 
which  he  is  to  form  a  part ;  a  power  to  express  that  sympathy  in  clear  language;  an 
understanding  of  human  nature  and  of  the  art  and  literature  in  which  that  human 
nature  has  most  characteristically  embodied  itself;  some  knowlege  of  human  histon 
and  of  the  gradual  process  by  which  mankind  has  attained  to  the  position  in  which 
we  find  it.  All  this  must  be  accompanied  by  constant  habituation  to  healthy 
activity  with  other  human  beings  in  the  social  relations  of  home  and  school. 

These  appear  to  be  the  indispensable  conditions  of  adjustment  of  the  growing 
child  to  hia  envuronment.  To  aid  that  adjustment  it  is  evident  that  the  educator 
must  clear  up  his  ideas  on  many  points.  Of  these  the  most  important  and  most 
central  might  be  specified  as  follows : — 

(i.)  The  hygiene  of  human  growth,  with  special  reference  to  the  healtliy  fum^ 
tions  of  growing  brains  and  nerves, 

(ii.)  The  theory  of  the  curriculum,  which  must  include  a  consideration  of  the 
comparative  value  for  growing  children  of  different  subjects  of  study,  and  of  thf 
order  and  mutual  relation  in  which  these  subjects  should  be  presented  to  the 
adolescent  mind. 

(iii.)  The  theory  of  method,  which  must  embrace  a  study  of  the  conditions 
under  which  the  maximum  of  mental  and  moral  activity  can  be  attained  without 
overstrain.  It  will  therefore  comprise  an  investigation  into  the  symptoms  and 
causes  of  brain  fati^ie.  It  will  consider  the  circum^^tances  under  which  th? 
interest  and  self-activity  of  children  are  best  roused  and  maintained.  It  will 
remiire  a  series  of  practical  experiments  conducted  by  trained  observers  under  the 
onlinary  conditions  of  school  life. 

(iv.)  The  study  of  the  conditions  under  which  desirable  qualities  of  character 
are  produced,  such,  for  instance,  as  courage,  kindness,  initiative,  firmness  of  ^iM? 
and  the  like.  Under  this  head  would  come  the  scientific  study  of  play,  of  imita- 
tion, of  the  influence  of  suggestion,  and  so  forth,  as  well  as  of  the  influence  of  the 
school  community  and  school  institutions. 

In  these  four  topics,  which  may  be  summed  up  as  physical  and  mental 
hygiene,  the  theory  ot  the  curriculum,  the  theory  of  method,  and  the  theory  of 
character,  might  be  found  a  rough  working  scheme  of  the  scope  of  educational 
science.  WTien  we  have  arrived  at  some  sort  of  agreement  upon  them  we  shall 
have  to  consider  the  forms  of  administration  and  organisation  most  likely  to  foster 
desirable  conditions.  For  this  we  shall  need  a  comparative  study  of  educational 
institutions,  including  those  of  foreign  nations  and  those  which  have  existed  in 
the  past.  After  this  we  may  proceed  to  the  corollaries  and  riders  of  our  main 
topics,  such,  for  instance,  as  the  problem  of  how  best  to  prepare  children  for  par- 
ticular trades  and  professions,  such  as  engineering  or  law,  and  in  especial  how  t<t 
train  those  who  are  goin^  to  be  educators,  for  the  effective  practice  or  the  scientific 
principles  of  their  profession. 
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4.  Some  Considerations  hearing  on  the  Practical  Study  of  Educational 
Science.    By  P.  A.  Babnett,  M,A, 


SATURDAY,  SEPTEMBER  14. 

A  Joint  Discussion  with  Section  A  on  tlie  Teaching  o/  Mathematics, 
opened  by  Professor  John  Pbrby,  F,E.S.^ 


MONDAY,  SEPTEMBER  16. 

I.  Joint  Discussion  with  Section  K  on  the  Te%c\lng  of  Botxny, 
See  p.  843. 


2.  Joint  Discussion  witJh  Section  F  on  Commercial  Education^ 
opened  by  Mr.  L.  L.  Price.— See  p.  751. 


3.  Report  on  the  Teaming  of  Science  in  Elementary  Schools, 
See  Reports,  p.  458. 


TUESDAY,  SEPTEMBER  17. 

The  following  Papers  were  read : — 

1,  The  Influence  of  Universities  and  Examining  Bodies  upon  the  Work 
of  Elementary  Schools,  By  the  Right  Reverend  John  Percival,  i>.7>., 
Lord  Bishop  of  Hereford, — See  Reports,  p.  448. 


2.  Liberal  Education  for  Boys  leaving  School  at  Sixteen  or  Seventeen, 
By  H.  W.  Eve,  M,A. 

It  is  generally  admitted  that  a  complete  classical  education  under  the  best 
conditions,  properly  supplemented  by  otner  subjects,  is  thoroughly  ^ood  of  its 
kind.  For  those  who  haye  not  adequate  time  the  problem  of  devising  a  good 
curriculum  is  difficult.  It  is  necessary  to  guard,  on  the  one  hand,  against  a 
curriculum  too  exclusively  practical,  and  on  the  other  against  the  waste  of  time 
on  a  half-finished  classical  education,  generally  including  no  Greek.  Too  often 
the  result  is  that  time  and  energy  are  spent  on  gaining  a  veir  imperfect  know- 
ledge of  Latin,  which  might  have  been  more  profitably  devoted  to  other  subjects. 
The  Latin  learnt  at  school  is  never  kept  up :  it  contributes  but  little  to  the  forma- 
tion of  intellectual  tastes,  so  necessary  as  an  antidote  to  trivial  and  vulgar  pur- 
suits. What  is  really  wanted  is  a  secondary  education  at  once  practical  and 
liberal,  and  that  in  a  world  much  changed  within  the  lifetime  of  men  not  yet 
old.    Science  must  fill  an  important  place  in  such  an  education :  not  only  must 

>  Published  with  an  account  of  the  Discussion  which  followed  the  reading  of 
the  Paper,  Macmillan  Sc  Co.,  London,  1901. 
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0ome  familiarity  with  scientiGc  method  be  acquired,  but  also  a  good  deal  of  that 
scientific  knowledge  which  is  essential  for  intelligent  general  reading.  Add  to 
the  time  required  for  mathematics  and  science  what  is  needed  for  English,  history, 
and  geography,  and  two  modem  languages,  and  but  little  time  is  left  for  Latin. 
German,  too  much  neglected  in  English  schools,  b  essential  both  on  practical  and 
on  general  gprounds,  and  should  take  the  place  of  Latin.  Nor  would  there  be  any 
appreciable  loss  in  point  of  discipline  and  training.  Modem  languages,  though 
easier  than  the  classical  languages,  present  quite  enough  difficulties  for  the 
average  boy,  and  he  has  at  the  end  of  his  course  something  to  show  for  his 
efforts.  Much  depends  on  effectiTo  scholarly  teaching  and  on  the  selection  of 
leading-books  requiring  sustained  thought. 
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(Maj.  L.)  on  seismologioal  investiga- 
tion, 40. 
Dawkins  (Prof.  Boyd)  on  the  excavation 

of  oaves  at  Uphill,  352. 
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Prof.  J.  Sakurai  on,  612. 
,  commercial,  and  economics,  L.  L. 
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fcaveSj  interference  and  polarisation 
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Appendix:  a  comparison  of  the 
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Electricity,  the  discharge   of,  through 
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laws  of,  H.  A.  Wilson  on,  547. 
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549. 
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Ellingbb  (Barnard)  on  thirty   years' 

export  trade,  British  and  Irish  produce, 

1870-1899,  744. 
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^Engraving,  machinery  for,  Mark  Barr 

on,  774. 
Enzyme  action,  Adrian  J.  Brown  on.  600. 
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3rratio  blocks  of  the  British  Isles,  Report 

on  the,  283. 
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on  the  work  of  the  Corresponding 

Societies  Committee,  465. 
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scope and  telescope,  669. 

Evolution  of  man,  hints  of,  in  tradition, 
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on,  687. 
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Carbontferous  rocks,  288. 
*Foraminifera,   dimorphism    in,  J.  J* 

Lister  on,  688. 
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*FoBBBS  (G.)  on  the  position  of  a  planet 
beyond  Neptune,  543. 

*  —  on  a  portable  folding  range-finder, 
for  use  with  infantry,  774. 

FOBD  (SybiUe"  O.)  on  the  anatomy  of 
CeratopterU  thalictroides,  845. 

and  A.  C.  Sbwabd  on  the  anatomy 

of  lifdea^  with  an  account  of  the 
geological  history  of  the  Osmundaoese, 
847. 

Forest  Trees  in  Scotland,  the  distribution 
of  certain,  as  shown  by  the  investiga- 
tion of  Post-Glacial  deposits,  W.  N. 
Niven  on,  839. 

Forth  Valley,  the  Scottish  Natural  His- 
tory Society's  scheme  for  the  inyesti- 
gation  of  the^  Marion  Newbigin  on, 
719. 

•Fossil  plants  from  Berwickshire,  R. 
Kidston  on,  643. 

.....^ and  Coleoptera  from  a  deposit 

of  Pleistocene  age  at  Wolvercote,  A.  M. 
Bell  on,  645. 

—  remains,  the  investigation  of,  by 
serial  sections.  Prof.  W.  J.  SoUas  on, 
643. 

^Fossils  in  the  La  Plata  Museum,  Photo- 
graphs of,  exhibited  by  Dr.  F.  P. 
Moreno,  696. 

FOSTBB  (A.  Le  Neve)  on  the  B.A,  screw 
gauge,  407. 

-. —  (Dr.  C.  Le  Neve)  on  underground 
temperature,  64. 

(Prof.  Q.  C.)  on  practical  electrical 

standards f  31. 

Fourier  problem  of  the  steady  tempera- 
tures in  a  thin  rod,  J.  W.  Peck  on  the, 
555. 

Fourier's  series,  the  applications  of,  to 
mathematical  physics,  H.  S.  Carslaw 
on,  557. 

♦FowLBB  (L.  J.  S.),  D.  Noel  PATON,and 
L.  GULLAND  on  the  question  whether 
the  spleen  has  a  hsemopoietic  function, 
818. 

Fox  (H.)  on  life-sones  in  the  British 
Carboniforoiu  rooks,  288. 

Fbakkland  (Prof.  Percy  F.),  Address  to 
the  Section  of  Chemistry  by,  584. 

*Frog's  tongue,  the  mechanism  of  the, 
Prof.  M.  Hartog  and  N.  Maskelyne  on, 
688. 

♦ ,  a  model  showing  the  mechan- 
ism of  the,  Prof.  M.  Hartog  on,  818. 


♦Galhbon  (A.)  on  the  representation  of 
the  heavens  in  the  study  of  cosmo- 
graphy, 727. 

Galloway  (W.)  on  underground  tempera- 
twre,  64. 

Galton  (Francis)  on  the  work  of  the 
Corresponding  Societies  Committee,  465. 


*Galton's  whistle,  observations  with,  C.  S. 

Myers  on,  818. 
Gkunetophyte  in  the  Ophioglossales  and 

Lycopodiales,  W.  H.  Lang  on,  841. 
Ganonq  (Dr.  W.  F.)  on  an  ethnological 

survey  of  Canada,  409. 
Gabdineb  (J.  Stanley)    on   the   coral 

islands  of  the  Maldives,  683 
♦Gabbabd(0.  R.)  on  recent  developments 

of  chain  driving,  774. 
Gabson  (Dr.  J.  G.)  on  the  a^e  of  stone 

circles,  427,  438. 

on  the  work  of  the  Corresponding 

Societies  Committee,  465. 

Gabstanq  (W.)  on  the  plankton  and 
physical  conditions  of  the  English 
Channel  during  1899-1900,  353. 

on  investigations  made  at  the  Marine 

Biological  Laboratory  at  Plymouth^ 
876. 

Gabwood  (E.  J.)  on  life-zones  in  the 
British  Carhoniferous  rocks,  288. 

on  the  collection  of  photographs  of 

geological  interest  in  the  United  King- 
dom, ZZ^, 

Gauge  for  small  screws,  the  British 
Association,  Beport  on,  407. 

for  small  pressures,  a  new,  Prof. 

B.  W.  Morley  and  C.  F.  Brush  on,  544. 

GsiKiE  (Sir  Arch.)  on  underground  tern' 
perature,  64. 

♦ on  time  intervals  in  the  volcanic 

history  of  the  Inner  Hebrides,  636. 

(Prof.    J.)    on    the    collection    of 

photographs  of  geologicaZ  interest  i« 
the  United  Kingdom,  39. 

and  J.  S.  Flett  on  the  granite  of 

Tulloch  Burn,  Ayrshire,  634. 
Gbmmill  (Dr.  J.  F.)   on  Echinonema 

grayi,  a   large   nematode   from   the 

perivisceral  cavity  of  the  sea-urchin, 

691. 
-^  on  the  origin  of  the  cartilage  of  the 

stapes  and  on  its  continuity  with  the 

hyoid  arch,  788. 
Geographical  conditions  affecting  British 

trade,  715. 
environment,  the  influence  of,  on 

political  evolution,  AUeyne  Ireland  on, 

716. 
Geography,  Address  by  Dr.  H.  B.  Mill  to 

the  Section  of,  698. 
Geological  photographs  of  interest  in  the 

United  Kingdom,  Report  on,  839. 
Geology,  Address  by  John  Home  to  the 

Section  of,  615. 
Germinal  selection,  the   theory   of,  in 

relation  to  the  facts  of  inheritance. 

Prof.  J.  A.  Thomson  on,  685. 
Gibbs  (Prof.  Wolcott)   on   wave-length 

tables  of  the  spectra  of  the  elements  and 

compounds,  79. 
Gibson  (Prol  Harvey)  on  fertilisation  in 

Ph^pophycea,  448. 
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•Gibson  (Dr.  J.)  on  the  electrolytic  con- 

duotivi^  of  halogen  acid  solutions,  613. 
QiFVBN  (Sir  Robert),  Address   to  the 

Section  of  Economic  Science  and  Sta- 
tistics by,  728. 
OiiiSOH  rProf.  G.)  on  a  new  sounding  and 

ground-collecting  apparatus,  696. 
GiNSBUBG  (Benedict  W.)  on  shipping 

subsidies,  743. 
Glacial  periods,  the  mean  temperature  of 

the  atmosphere  and  the   causes   of, 

H.  N.  Dickson  on,  722. 
Glacier-dammed  lakes  in  the  Cheviots, 

P.  F.  Kendall  and  H.  B.  Muff  on,  646. 
Gladbtonb    (G.)   on   the    teaeUng   of 

tcience  in  elementary  $ehoolt^  458. 
and  Dr.  J.  H.  Gladstonb  on  hydra- 
tion of  tin,  including  the  action  of 

light,  603. 
(Dr.  J.  H.)  on  the  teaching  ofseience 

in  elemental  tohooU,  468. 
and  G.  Gladstonb  on  hydration  of 

tin,  including  the  action  of  light,  603. 
and  W.  HiBBEBT  on  transitional 

forms  between  colloids  and  crystalloids, 

604. 
GlJLlSHBB  (J.)  on  underground  tempera- 

ture,  64. 
_-  (Dr.  J.  W.  L.)  on  tables  of  certain 

mathematical  functioni,  64. 
Glasgow  wages  in  the  nineteenth  century 

A.  L.  Bowley  on,  764. 

•Glass  used  for  scientific  purposes.  Dr. 

B.  T.  Glazebrook  on,  668. 
Glazbbbook  (Dr.  K.  T.)  on  practical 

eleotrieal  gtandards,  31. 

on  the  B,A,  screw  gauge,  407. 

* on  the  buildings  of  the  National 

Phyedcal  Laboratory,  530. 
*^i— .  on  glass  used  for  scientific  pur- 
poses, 568. 
* on  some  results  obtained  with  the 

self-recording    instruments    for    the 

Antarctic  expedition,  679. 
♦Glbnnib  (J.  S.  Stuart)  on  magic,  reli- 
gion and  science,  807. 
Glossopteris  flora  of  Australia,  E.  A.  N. 

Arber  on,  847. 
GODMAN  (P.  Du  Cane)  on  the  zoology  of 

the  Sandwich  Islands,  B62. 
Gold,  alluvial,  in  the  Kildonan  Field,  the 

source  of  the,  J.  M.  Maclaren  on,  651. 
in  veins,  the  influence  of  organic 

matter  on  the  deposition  of,   J.  M. 

Maclaren  on,  652. 
GooDCHiLD  (J.    G.),  on   the   collection 

of  photographs  of  geological  interest  in 

the  United  Kingdom,  339. 
on  the  Scottish  ores  of  copper  in 

their  geological  relations,  647. 
on  a  revised  list  of  minerals  known 

to  occur  in  Scotland,  648. 
GoBHAM  (J.  Marshall)  on  the  B.A.  screw 

gauge,  407. 


tJOBST  (Sir  J.  B.),  Address  to  the  Sec- 
tion of  Educational  Science  by,  858. 

GOTCH  (Prof.  F.)  on  hone  marroit,  447. 

Government  planting  in  the  Isle  of  Man, 
G.  P.  Hughes  on,  857. 

Gbaham  Kbbb  (J.)  on  the  coral  reefs  of 
the  Indian  region,  363. 

on  the  origin  of  the  paired  limbs 

of  the  Yertebrata,  693. 

Granite  of  Tulloch  Bum,  Ayrshire,  Prof. 
J.  Geikie  and  J.  S.  FleU  on,  634. 

Grsvel-flats  of  Surrey  and  Berkshire,  the 
origin  of  the,  H.  W.  Monckton  on,  662. 

Gravitation,  an  experiment  proposed  for 
producing  a  sudden  variation  in,  Dr. 
V.  Cr§mieu  on,  661. 

Gravitational  matter,  the  clustering  of. 
in  any  part  of  the  universe,  Lotd 
Kelvin  on,  563. 

♦Gray  (Prof.  A.)  on  the  relation  between 
temperature  and  internal  viscosities 
of  solids,  629. 

* on  the  influence  of  a  magnetic  field 

on    the    viscosity     of    magnetisable 
liquids,  582. 

* on  the  influence  of  a  magnetic  field 

on    the    viscosity     of    magnetisable 
solids,  582. 

* ,  J.  S.  DuNLOP,  and  A.  Wood  on 

elastic  fatigue  as  shown  by  metals 
and  woods,  629. 

*— -  and  Dr.  W.  Stbwabt  on  a  new 
electromagnet  and  an  echelon  spectro- 
scope for  magneto-optic  observations, 
569. 

(H.  St.  George)  on  the  exeavatiem 

of  the  stone  circle  at  Arbor  Low,  427. 

(J.)  and  J.  F.  Tochbb  on  the  fre- 
quency and  pigmentation  value  of 
surnames  of  school  children  in  Bast 
Aberdeenshire,  799. 

(W.)  on  the  collection  qf  photograph 

of  geological  interest  in  the  United 
JKingdom,  339. 

Gbbbn  (Arthur  G.)  on  the  relative  wo- 
gross  of  the  coal-tar  industry  in  M^ 
land  and  Germany  during  the  past 
fifteen  years,  252. 

(C.  F.)  and  T.  G.  Bedpobd  on  a 

method  of  determining  specific  heats 
of  metals  at  low- temperatures,  644. 

♦ (Prof.  J.  Reynolds)  on  flesh-eating 

plants,  841. 

Gbbbnuill  (Prof.  A.  G.)  on  tables  rf 
certain  mathematical  functions,  54. 

♦ on  the  simple  pendulum  without 

approximation,  561. 

* and  C.  V.  Boys  on  spherical  trigo- 
nometry, 551. 

Gbippiths  (E.  U.)  on  practical  electri- 
cal standards,  31. 

on  the  nature  of  alloys,  76. 

* on  the  freesing  points  of  certain 

dilute  solutions,  530. 
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Qround-coUecting  and  sounding  appara- 

tos,  Prof.  G.  Gilson  on  a,  696. 
OCHLLAUMB  (Dr.  C.  E.)  tUT  Vumti  de 

presHony  71. 
•GuLLAND  (Lovell),  D.  Noel  Paton, 

and  L.  J.  S.  Fowlbb  on  the  question 

whether  the  spleen  has  a  hsemopoietic 

function,  818. 
Oulls  orttfiMally  hatched^  the  behaviour 

of  young  ^  Prof.  J.  A,  Thomson  on^  378. 
GuNN  (Wm.)  on  recent  discoveries  in 

Arran  geology,  631. 
GtyNTHBB  (R.  T.)an  changes  of  the  Umd 

level  of  the  PUegrtsan  Fields,  382. 
Gwynnb-Vauoh AN  (D.  T.)  on  the  nature 

of  the  stele  of  Equisetnm,  850. 
on  the  vascalar  anatomy  of  the 

Cyathaoese,  854. 
Gymnosperm  seeds,  fossil,  Prof.  F.  W. 

Oliver  on,  851. 


Haddon  (Prof.  A.  C.)  on  an  ethTwlogical 

survey  of  Canada,  409. 
*Hair,  mammalian,  microscopic  prepara- 
tions, F.  H.  Marshall  on,  692. 
Hallibubtoh  (Prof.   W.   D.)   on  the 

wionhohemistry  of  cells,  44G. 
Hambltn-Habbis  (Dr.  R.)  on  the  state- 

cysts  of  Cephalopoda,  365. 
*Hardne88  of  materials,  measurement  of 

the,  by  indentation  by  a  steel  sphere, 

T.  A.  Hearson  on,  774. 
Habkeb  (Alfred)  on  the  sequence  of 

Tertiary  igneous  eruptions  in  Skye, 

636. 
Habmbb  (S.  F.)  on  the  coral  reefs  of 

the  Indian  region,  363. 
Habbibon  (Rev.  S.  N.)  on  the  erratic 

blochs  of  the  British  Isles,  283. 
Habtlakd  (E.  S.)  on  an  ethnological 

sfwrveyqf  Canada,  409. 
Habtlby  (Prof.  W.  N.)  on  absorption 

spectra  and  chemical  constitution  of 

organic  bodies,  208. 
on  wave-length  tables  of  tlte  spectra 

of  the  elements  and  compounds,  79. 
•Habtoo  (Prof.    Marcus)  on  a  model 

showing  the  mechanism  of  the  frog's 

tongue,  818. 
* and  N.  Maskblymu  on  the  me- 
chanism of  the  frog's  tongue,  688. 
(P.   J.)  on  the  flame  coloration 

and  spectrum  of  nickel  compounds, 

613. 
Habvib-Bbown  (J.  A.)  on   making  a 

digest  of  the  observations  on  the  migra- 

tionqf  birds,  SQi. 
Hawthobnb  (J.)  and  Prof.  Letts  on 

the  absorption  of  ammonia  from  pol- 
luted sea- water  by  Ulva  latissima,  831. 
Hawtbbt  (Seymour)  on   the    Lengua 

Indians  of  the  Gran  Chaco,  803. 


*Hbab80N  (T.  A.)  on  measurement  of 
the  hardness  of  materials  by  indenta- 
tion by  a  steel  sphere,  774. 

Heat,  the  transmission  of,  through  water 
vapour.  Prof.  B.  W.  Morley  and  C.  F. 
Brush  on,  546. 

^Hebrides,  the  Inner,  time  intervals  in 
the  vol(»uiic  history  of,  Sir  A.  Geikie 
on,  636. 

Hbdgbs  (Eillingworth)  on  the  protec- 
tion of  buildings  from  lightning,  770. 

Hblb-Shaw  (Prof.  H.  S.)  on  the  resist- 
ance qf  road  vehicles  to  traction, 
402. 

Hbndbbson  (Dr.  G.  G.  and  G.  T.  Bbilby) 
on  the  action  of  ammonia  on  metals 
at  high  temperatures,  605. 

and  R.  S.  Gobstobphikb  on  the 

condensation  of  benzil  with  dibenzyl 
ketone,  607. 

Hbpbubn  (David)  and  David  Wateb- 
BTON  on  the  pelvic  cavity  of  the  por- 
poise as  a  guide  to  the  determination 
of  a  sacral  region  in  Cetaoea,  680. 

*Hebbebtson  (Dr.  A.  J.)  on  a  morpho- 
logical map  of  Europe,  715. 

Hebdman  (Prof.  W.  A.)  on  the  plankton 
and  physical  conditions  of  the  English 
Channel  during  1899-1900,  353. 

on  the  occupation  qf  a   table  at 

the  Zoological  Station  at  Naples,  354. 

Hbbsohbl  (Prof.  A.  S.)  on  underground 
temperature,  64. 

Heterogenesis  in  conifers,  Dr.  T.  P. 
Lotsy  on,  848. 

Hewitt  (C.  J.)  on  the  B.A.  screw  gauge, 
407. 

Hbycook  (0.  T.)  on  the  nature  of  alloys, 
75. 

Hibbebt  (Walter)  and  Dr.  Gladstonb 
on  transitional  forms  between  colloids 
and  crystalloids,  604. 

Hicks  (Prof.  W.  M.)  on  tables  qf  certain 
mathematical  functions,  54. 

on  the   Michelson-Morley   effect, 

562. 

HiCKSON  (Prof.  S.  J.)  on  the  zoology  of 

the  Sandwich  Islands,  352. 
on  the  occupation  of  a  table  at  the 

Zoological  Station  at  Naples,  354. 
Highlands,    eastern,    variation    in    the 

strata  in  the,  G.  Barrow  on,  633. 
,  N.W.,  the  Cambrian  fossils  of  the, 

B.  N.  Peach  on,  642. 
,  southern,  the  crystalline  schists  of 

the,  P.  Macnair  on,  633. 
Hill  (A.  W.)  on  the  histology  of  the 

sieve  tubes  of  Pinus,  835 

(Dr.    Leonard)   on  bone  marrow ^ 

447. 

Hill-Tout  (C.)onan  ethnological  survey 

qf  Canada,  409. 
Hind  (Dr.  MTheelton)  on  life-eones  in  the 

British  Carboniferous  rooks,  2S8. 
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HiNDB  (Dr.  0.  J.)  on  life-9anei  in  the 

British  Carbaniferoui  rochs,  288. 
HiNKS  (A.   B.)   on    the    possibility  of 

systematic  error  in  photographs  of  a 

moving  object,  540. 
on  the  essentials  of  a  machine  for 

the  accurate  measurement  of  celestial 

photographs,  641. 
Hippocampal  fissure  and  formation,  Prof. 

J.  Symington  on  the,  798. 
HoDGKiNSON  (W.  R.)  and  L.  Ltmpach 

on  some  relations  between  physical 

constants  and    constitution    in    ben- 

zenoid  amines.  Part  III.,  608. 
HoOABTH   (D.   G.)  on  explorationi  in 

Crete,  440. 
'«—  on  explorations  at  Zakro,  in  Eaatem 

Crete,  793. 
HOLDIOH  (Sir  T.  H.)  on  a  tcheme  for 

the  turvey  of  British  Protectorates, 

896. 
HOLMBS   (T.  V.)   on  the  work  of  the 

Corresponding  Societies  Committee,  466-, 
HooKBB  (R.  H.)  on  the  correlation  of 

the  marriage  rate  and  trade,  760. 
HOPKINSON  (B.)    on  the   necessity  of 

postulating  an  ether,  634. 
(J.)  on  the  work  of  the  Correspond- 
ing Societies  Committee,  465. 
HoBNB  (J.)  on  the  erratic  blocks  cf  the 

British  Isles,  283. 
,  Address  to  the  Section  of  Geology 

by.  616. 
Hornblende    porphyrites    of     Victoria 

(Australia),  J.  Stirling  on,  663. 
•Housing,  Prof.  W.  Smart  on,  753. 
HousTOUN  (R.  A.)  and  J.  W.  Peck  on 

magnetisation  of  electrolytic  nickel, 

582. 
*HowABD  (A.)  on  a  Diplodia  parasitic 

on  cacao  and  on  the  sugar-cane,  867. 
HowBS  (Prof.  G.  B.)  on  the  occupation 

of  a  table  at  the  Zoological  Station  at 

Naples,  354. 
HoYLB  (W.  B.)  on  the   compilatum  of 

an     index     generum     et     specierum 

amnuUium,  362. 
♦ on  a  new  form  of  luminous  organ, 

689. 
Hudson  (R.  W.  H.  T.)  on  the  Puiseux 

diagram   and   differential  equations, 

555. 
Hughes  (G.  P.)  on  Government  planting 

in  the  Isle  of  Man,  857. 
Hull  (Prof.  E.)  on  undergrownd  tempe- 
rature, 64. 
on  the    physical   history  of   the 

Norwegian  Fjords,  660. 
Humber,  the    source  of    warp  in  the, 

W.  H.  Wheeler  on,  652. 
Hunt  (A.  Roope)  on  terrestrial  surface- 
waves,  398. 
Hunteb  (A.  F.)  071  an  ethiological  nirrey 

of  Canada,  463. 


Hutchison   (Dr.  B.)   on  bome-marrms, 

447. 
Hydrostatic  pressure.  Prof.  W.  Bamsftj 

and  G.  Senter  on,  529. 
Hydrolytie  dissociation  cf  salt-solutioni, 

the  methods  for  the  detormination  tf, 

Br.  M.  C.  Farmer  on,  240. 


Identification,  personal.  Dr.  A.  BertilloD's 
S3rstem,  W.  M.  Douglas  on,  806. 

Idoneal  numbers,  Lt.-CoL  A.  Cunning- 
ham and  Rev.  J.  Cnllen  on.  562. 

Igneous  eruption  in  Skye,  Tertiaiy,  the 
sequence  of,  A.  Harker  on,  636. 

Implements  found  in  Ipswich,  horn  and 
bone.  Miss  N.  F.  Layaid  on,  806. 

Index  generum  et  specierum  ammaZvim, 
Report  on  the  compilation  by  C.  Dories 
Sherbom  ofa>n,  362. 

*India,  the  proposed  ethnographic  sur- 
vey of,  W.  Crooke  on,  806. 

Inheritance,  the  theory  of  germinal  selec- 
tion in  relation  to  the  facts  of,  Prol 
J.  A.  Thomson  on,  686. 

Insects,  some  Bomean,  R.  Shelford  cm, 
689. 

Interference  and  polarisation  of  elsctrie 
waves.  Prof  Br.  G,  Quincke  on^  39. 

of  light  from  independent  sources, 

Dr.  G.  J.  Stoney  on  the,  670. 

*Ionic  effect  in  the  small  intestine,  Praf. 
E.  Waymouth  Reid  on  an,  818. 

*Ion8,  the  nomenclature  of  the,  Prof. 
James  Walker  on  the,  618. 

IBBLAND  (Alleyne)  on  tlie  influence  id 
geographical  environment  on  political 
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1899.  SOhitty,  G.  W.    Mildara,  Park-avenue,  Dover. 
1882.  JChorley,  George.    Midhurst,  Sussex. 

1887.  tChorlton,  J.  Clayton.    New  Holme,  Withington,  Manchester. 
1893.  *CHBEB,CHABL]is,D.Sc.,F.R.S.  Kew  Observatory,  Richmond,Surr6y. 

1900.  ^Christie,  R.  J.    Duke  Street,  Toronto,  Canada. 
1884.  ^Christie,  William.    29  Queen's  Park,  Toronto,  Canada. 

1875.  'Christopher,   George,    F.C.S.     May  Villa,   Lucien-road,  Tooting 

Common,  S.W. 

1876.  •Chrtbtal,    Gbobgb,  M.A.,    LL.D.,    F.R.SJB.    (Pre*.   A,  1886), 

Professor  of  Mathematics  in  the  University  of  Edinburgh. 

5  Belgrave-crescent,  Edinburgh. 
187a  {Cattbch,  A.  H.,  M.A.,  F.R.S.,  F.S  J^..,  Professor  of  Chemistry  in  the 

Royal  Academy  of  Arts.    Shelaley,  Ennerdale-road,  Kew. 
1898.  50HUBCH,  Colonel  Q.  Eabl,  F.RG.S.  (Pres.  E,  1898).    216  Crom- 

well-road,  S.W. 
1860.  tOHUBOH,  Sir  William  Sblbt,  Bart.,  M.D.     St  Bartholomew's 

Hospital,  E.C. 

1896.  tClague,  Daniel,  F.G.S.    6  Sandstone-road,  Stoneycroft,  Liverpool. 

1901.  §Clark,  Archibald  B.,  M.A.    2  Woodburn  Place,  Edinburgh. 

1890.  tClark,  E.  E.    18  Wellclose-place,  Leeds. 

1877.  •Ckrk,  F.  J.,  J.P.,  F.L.S.    Netherleigh,  Street,  Somerset. 

Clark,  G^rge  T.    44  Berkeley-square,  W. 
1876.  tClark,  David  R.,  M.A.    8  Park  Drive  West,  Glasgow. 
1892.  tClarkf  James,  M.A.,  Ph,D,,  Profe»9or  of  Agrkuiture  in  the  York- 
shire College,  Leeds, 
1892.  IClark,  James.    Chapel  House,  Paisley. 
1901.  §Clark,  James  M ,  M.A.,  B.Sc.    8  Park  Drive  West,  Glasgow. 
1876.  fClark,  Dr.  John.    138  Bath-street,  Glasgow. 
1881.  JClark,  J.  Edmund,  B.  A.,  B.Sc.    112  Wool  Exchange,  E.C. 
1901.  JOlark,  Robert  M.,  B.Sc.,  F.L.S.    27  Albyn  Place,  Aberdeen. 

1865.  tClark,  Rev.  William,  M.A.    Barrhead,  near  Glasgow. 

1887.  JChurke,  C.  Goddard,  J.P.    Fairkwn,  167  Peckham-rye,  S.E. 
1876.  JClarke,  Charles  S.    4  Worcester-terrace,  Clifton,  Bristol. 
1886.  {Clarke,  David.    Langley-road,  Small  Heath,  Birmingham. 
1886.  tOlarke,  Rev.  H.  J.    Great  Barr  Vicarage,  Birminglutm. 

1876.  JClarkb,  Johh  Hbitrt  (Local  Sec.  1876).  4  Worcester-terrace, 
Clifton,  Bristol. 

1897.  §Clarke,  Colonel  S.  C,  R.E.    Parklands,  Caversham,  near  Reading. 

1888.  tOUirke,  W.  P.,  J.P.     16  Hesketh-street,  Southport. 
1896.  JClarke,  W.  W.    Albert  Dock  Office,  Liverpool. 

1884.  fChixton,  T.  James.    461  St.  Urbain-street,  Montreal,  Canada. 

1889.  §Clatdhk,  a.  W.,  M.A.,  F.G.S.    St.  John's,  Polsloe-road,  Exeter. 

1866.  JClayden,  P.  W.    13  Tavistocknaquare,  W.C. 

1890.  •Clayton,  William  Wikely.    Gipton  Lodge,  Leeds. 
1869.  tCleghom,  John.    Wick. 

1861.  {Clblahd,  Johk,  M.D.,  D.Sc.,  F.R.S.,  Professor  of  Anatomy  in  the 
University  of  Glasgow.    2  The  University,  Glasgow. 

1861.  •Olifiok,  R.  Bellamy,  M.A.,F.R.S.,  F.R.A.S.,  Professor  of  Experi- 
mental Philosophy  in  the  University  of  Oxford.  8  Bardwell- 
road|  Banbury-road,  Oxford. 
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1898.  tCliflSold,  H.    SO  Gollege-road,  Olifton,  BristoL 

1893.  lOloffordy  William.    36  Manstield-road,  Nottingham. 

Olonbrock,  Lord  Robert.    Clonbrock,  Galway. 

1878.  §0io8e,  Rev.  Maxwell  H.,  F.G.S.    38  Lower  Baggot-etxeet,  Dublin. 
1873.  ^Cloughy  John.    Bracken  Bank,  Eeighley,  TorkSure. 

1892.  JClouston,  T.  S.,  M.D.    Tipperlinn  House,  Edinboigh. 

1883.  •Clowes,  Frake,  D.Sc.,  F.C.S.  (Local  Sec.  1893).   London  County 

Council,  Spring-gardens,  S.W.,  and  17  Bedford  Court-man- 
sions, W.C. 

1881.  •Clutton,  William  James.    The  Mount,  York. 

1885.  JClyne,  James.    Rubislaw  Den  South,  Aberdeen. 

1891.  •Coates,  Henry.    Pitcullen  House,  Perth. 

1897.  tCoates,  J.,  M.Inst.C.E.    99  Queen-street,  Melbourne,  Australia. 
1901.  §Coats,  Allan.    Hayfield,  Paisley. 

1884.  §Cobb,  John.    Westfield,  Ilkley,  Yorkshire. 

1896.  •CoBBOLD,  Felix  T.,  M.A.    The  Lodge,  Felixstowe,  Suffolk. 
1889.  {Cochrane,  Cecil  A.  Oakfield  House,  Gosforth,  Newcastle-upon-Tyne. 
1864.  ^Cochrane,  James  Henry.    Burston  House,  Pittville,  CheltenhaoL 
1889.  {Cochrane,  William.  Oakfield  House,  Gosforth,  Newcastle-upon-Tyne. 

1892.  JCockbmrn,  John.    Glencorse  House,  Milton  Bridge,  Edinburgh. 
1901.  §Oockbum,Sir  John,  K.C.M.G.,  M  J).    10  Gatestone  Road,  Upper 

Norwood,  S.E. 

1883.  JCockshott,  J.  J.    24  QueenWoad,  Southport. 

1861.  •Coe,  Rev.  Charles  C,  F.R.G.S.  Whinsbridge,  Grosvenor-road, 
Bournemouth. 

1898.  {Coffey,  George.    5  Harcourt-terrace,  Dublin. 

1881.  •CoFPiN,  Walter  Habbis,   F.C.S.     94  Comwall-gardenfl,  South 

Kensington,  S.W. 
1896.  •Coghill,  Percy  de  G.    4  Sunnyside,  Prince's  Park,  Liyerpool. 

1884.  •Cohen,  B.  L.,  M.P.    30  Hyde  Park-gardens,  W. 
1887.  {Cohen,  Julius  B.    Yorkshire  College,  Leeds. 
1901.  §Oohen,  N.  L.     11  Hyde  Park  Terrace,  W. 
1901.  'Cohen,  R.  Waley.     11  Hyde  Park  Terrace,  W. 

1894.  •Colby,  Miss  E.  L.,  B.A.    Carregwen,  Aberystwyth. 

1895.  •Colby,  James  George  Ernest,  M.A.,  F.R.C.S.    Malton,  Yorkshire. 

1896.  •Colby  William  Henry.     Carregwen,  Aberystwyth. 

1893.  tCole,  Prof.  Grenville  A.  J.,  F.G.S.  Royal  College  of  Sdence,  DuUin. 

1879.  {Cole,  Skelton.    387  Glossop-road,  Sheffield. 

1864.  {Colefax,  H.  Arthur,  Ph.D.,  F.C.S.  14  Chester-terrace,  Chesteiw 
square,  S.W. 

1897.  §CoLEMAN,  Dr.  A.  P.    476  Huron-street,  Torwito,  Canada. 

1893.  {Coleman,  J.  B.,  F.C.S.,  A.R.C.S.    Uniyersity  College,  Nottingham. 

1899.  §Coleman,  William.    The  Shrubbery,  Buckland,  Dover. 
1878.  {Coles,  John.    1  Sayile-row,  W. 

1864.  •Colfox,  William,  B.A.    Westmead,  Bridport,  Dorsetshire. 
1899.  JCollard,  George.    The  Gables,  Canterbu^. 
1892.  {Collet,  Miss  Clara  E.    7  Coleridge-road,  N, 

1892.  {Collie,  Alexander.    Harlaw  House,  Inyerurie. 

1887.  {Collie,  J.  Nobmak,  Ph.D.,  F.R.S.,  Professor  of  Chemiatry  to  the 
Pharmaceutical  Society  of  Great  Britain.  16  Campden-gToye,W. 
1869.  {Collier,  W.  F.    Woodtown,  Horrabridge,  South  Deyon, 

1893.  {Collinge,  Walter  E.    The  University,  Birmingham. 

1854.  {CoLLiNowooD,  Cuthbert,  M.A.,  M.B.,  F.L.S.  69  Great  Russell- 
street,  W.C. 

1861.  •Collingwood,  J.  Frederick,  F.G.S.  5  Irene-road,  Parson's  G^een, 
S.W. 

1876.  ICOLLINS,  J.  H.,  F.G.S.    16^  Barry-road,  S.E, 
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1865.  *Collins,  James  Tertius.    OlmrcMeldy  Edglxtston,  Binningliam. 
1882.  :(Oolmer,  Joseph  G.^  G.M.G.    Office  of  the  High  Oommiasionec  for 

Canada,  17  Victoria-street,  S.W. 
1884.  tColomb,SirJ.C.R.,M.P.,F.R.G.S.  DromquiDnaJKemnare,  Kerry, 

Ireland;  and  Junior  United  Service  Club,  S.W. 

1897.  JColquhoun,  A.  H.  U.,  B.A.    39  Borden-street,  Toronto,  Canada. 
1896.  *Comber,  Thomas,  F.L.S.    Leighton,  Parkgate,  Chester. 

1888.  JCommans,  R.  D.    Macaulav-buildings,  Bath. 

1884.  JOoMMON,  A.  A.,LL.D.,F.R.S.,F.R.A.S.  68  Eaton-rise,  Ealing,  W. 

1891.  tCommon,  J.  F.  F.    21  Park-place,  Cardiff. 
1900.  JCommon,  T.  A.,  B.A.    63  Eaton  Rise,  Ealing,  W. 

1892.  JComyns,  Frank,  M.A.,  F.C.S.    The  Grammar  School,  Durham. 
1884.  JConklin,  Dr.  William  A.    Central  Park,  New  York,  U.S.A. 
1896.  }Connacher,  W.  S.    Birkenhead  Institute,  Birkenhead. 

1890.  JConnon,  J.  W.    Park-row,  Leeds. 

1871.  •Connor,  Charles  C.    4  Queen*s  Ehns,  Belfast. 

1893.  JCoNWAY,  Professor  Sir  W.  M.,  M.A.,  F.R.G.S.    The  Red  House, 

Hornton-street,  W. 

1899.  tOooBE,  J.  Chables,  M.In8t.0.E.    Westminster-chambers,  9  Vic- 

toria-street, S.W. 

1898.  SCook,  Ernest  H.    27  Berkeley-square,  Clifton,  Bristol. 

1900.  JCook,  Walter.    98  St.  Mary's  Street,  Cardiff. 

1882.  JCooKB,  Major-General  A.  C,  R.E.,  C.B.,F.R.G.S.  Palace-chambers, 

Ryder^street,  S.W. 
1876.  •CooKB,'CoKRAD  W.    28  Victoria-street,  S.W. 
1881.  tCooke,F.    BishopshiU,  York. 
1868.  JCooke,  Rev.  George  H.    Waustead  Vicarage,  near  Norwich. 

1895.  XCooke,  Miss  Janette  E.    Hdmwood^  Thorpe,  Norwich, 
1868.  JCoozB,  M.  C,  M.A.    63  Castle  Road,  Kentish  Town,  N.W\ 
1884.  JCooke,  R.  P.    Brockville,  Ontario,  Canada. 

1878.  XCoohs,  Samuel,  M.A,,  RG.S.    Poena,  Bombay, 

1881.  tOooke,  Thomas.    Bishopshill,  York. 

1865.  tCooksey,  Joseph.    West  Bromwich,  Birmingham. 

1896.  JCookson,  E.  H.    Kiln  Hey,  West  Derby. 

1899.  •Coomara  Swamy,  A.  K.,  F.G.S.    Walden,  Worplesdon,  Guildford. 
1896.  tCooper,  Charles  Friend,  M.I.E.E.    68  Victoria-street,  W^estminster, 

S.W. 

1901.  *Cooper,  C.  Forster,  B.A.    Trinity  College,  Cambridge. 

1893.  JCooper,  F.  W.    14  Hamilton-road,  Sherwood  Rise,  Nottingham. 

1883.  XCooper,  George  B,    67  Great  Russell-street,  W.C. 
1868.  JCooper,  W.  J.    New  Maiden,  Surrey. 

1889.  jCoote,  Arthur.    The  Minories,  Jesmond,  Newcastle-upon-Tyne. 
1878.  jCope,  Rev.  S.  W.    Bramley,  Leeds. 

1871.  fOoPBLAND,  Ralph,  Ph.D.,  F.R.A.S.,  Astronomer  Royal  for  Scotland 

and  Professor  of  Astronomy  in  the  University  of  Edinburgh. 
1881.  JCopperthwaite,  H.    Holgate  Villa,  Holgate-lane,  York. 
1901.  §Corbett,  A.  Cameron.  M.P.    Thomliebank  House,  Glasgow. 
1891.  JCorbett,  E.  W.  M.    Y  Fron,  Pwllypant,  Cardiff. 
1887.  •Corcoran,  Bryan.    Fairiight,  22  Oliver  Grove,  South  Norwood,  S.E. 

1894.  §Corcoran,  Miss  Jessie  R.    The  Chestnuts,  Mulgrave-road,  Sutton, 

Surrey. 
1883.  •Core,  Professor  Thomas  H.,  M.A.    Fallowfield,  Manchester. 
1870.  •CoRFiELD,  W.  H.,  M.A.,  M.D.,  F.C.S.,  F.G.S.,  Professor  of  I^giene 

and  Public  Health  in  University  College,  London.    J9  Savile- 

row,  W. 
1901.  •Cormack,  Professor  J,  D.,  B,Sc.    University  College,  Gower-street, 

W.C. 
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*O<mi0r,  Sttnud,  B.  A.,  aSc.    90  Forest-road  Watt,  Nat^n^un. 
889.  tOoBjnas,  \avquax,  M.Sc.,  F.R.a.8.    72  Prmoa's  Square,  W. 
884.  •Comwallis,  F.  S.  W.,  M.P..  F.L.8.    linton  Park,  Maidstone. 

886.  tOonj,  JoliiL    Boaenheim,  Fark  Hill-road,  Croydon. 

888.  lOorser,  Bar.  Richard  E.    57  Park  Hillrroad,  Croydon. 

900.  f  Cortie,  Bay.  A.  L.,  F.RA.S.    Stonyhurst  Collage,  BladcbiinL 
891.  tOory,  John,  J.P.    Vaindre  Hall,  near  Cardiff. 

891.  tCory,  Alderman  Biohard,  J.P.    Oscar  House,  Newport>road,  Car- 
diff. 

*Cot8worth,  Haldana  Gwilt.    The  Cedars,  Cobham  Boad,  Norbiton, 

S.W. 
.^ConiRiLL,  J.  H.,  M.A.,  F.B.S.    15  St.  AlbanVmansiofU,  Kensing- 
ton Conrt-gaidens,  W. 
X  Cotton,  Wjluam,    Penmylvania,  Exeter, 
876.  tCouper,  James.    City  Glass  Works,  Qlasgow. 
876.  ICouper,  James,  jun.    City  Glass  Works,  Glasgow. 

889.  XCourtney,  F.  S.    77  Hedcliffe-squaref  South  KemingUm,  S.  IT. 

896.  tCouBTNBT,  Right  Hon.  Lbonard  (Pres.  F,  1896).    16  Cheyne  Walk, 
Chelsea,  S.W. 
^Cousins,  John  James.    Allerton  Park,  Chapel  Allarton,  Leeds. 
{Coventry,  J.    19  Sweeting-street,  Liyerpool. 
Cowan,  John.    Valleyfield,  Pennyouick,  Edinhmgh. 
ICowan,  John  A.    Blaydon  Bum,  Durhsjn. 
{Cowan,  Joseph,  jun.    Blaydon,  Durham. 

*Cowan,  Thomas  ^Tilliam,  F.L.3.,  F.G.S.    -17  King  William-ettreet, 
Strand,  W.C. 

,900.  $Cowbum,  Henry.    Dingle  Head,  Westleigh,  Leigh,  Lancaahire. 
895.  *CowELL,  Philip  H.,  M.A.    Bqyal  Observatory,  Greenwich^  and  74 

Vanbrugh  Park,  Kackheath,  S.E. 
899.  §Cowper.Coles,  Sherard.    82  Victoria-street,  S.W. 
867.  •Cox,  Edward.    Cardean,  Meide,  N.B. 

892.  {Cox,  Robert.    34  Drumsheugh-gardens,  Edinburgh. 

882.  {Cox,  Thomas  A.,  Distrkt  ^igineer  of  the  S.,  P.,  and  D.  Rdlway, 
Lahore,  Punjab.  Care  or  Messrs.  Grindlay  &  Co.,  Parliament- 
street,  S.W. 

{Cox,  Thomas  W.  B.    The  Chestnuts,  Lansdowne,  Bath. 

{Cox,  William.    Foggley,  Lochee,  by  Dundee. 

{Crabtree,  William.    126  Manchesteivroad^  Southport. 

{Cradock,  George.    Wakefield. 
892.  *Craig,  George  A.    Post-office,  Mooroopna,  Victoria,  Australia. 
884.  SCraigib,  Major  P.  G.,  F.S.S.  (Pres.  F,  1900).    6  Lyndhurst-road, 

Hampatsad,N.W. 
876.  {Cramb,  John.    Larch  Villa,  Helensburgh,  N.B. 
884  {Crathem,  James.    Sherbrooke-street,  Montreal,  Canada. 

887.  {Craven,  John.    Smedley  Lodge,  Cbeetham,  Manchester. 
•Craven,  Thomas,  J.P.     WooAeyes  Park,  Ashton-upon-Mersey. 
•Cbawfobd  ksn  Baloabbss,  The  Bight  Hon.  the   Earl  of,  K.T., 

LL.D.,  F.R.S.,  F.R.  A.S.    2  Cavendish  Square,  W.,  and  Haigh 
Hall,  Wigan. 
^Crawford,  Wimam  Caldwell,  M.A.    1  LockhartoB-gardans,  Colin- 
ton  Road,  Edinburgh. 
846.  *Craw8haw,  The  Bight  Hon.  Lord.    Whatton.  Loughborough. 

890.  §Crawshaw,  Charles  B.    Rufford  Lodge,  Dewsbury. 

883.  •Crawshaw,  Edward,  F.R.G.S.    26  ToUington-park,  N. 
870.  •Crawshay,  Mrs.  Robert.    Caversham  Park,  Reading. 
886.  JCbbak,  "Captain    E.  W.,  RN.,   C.B.,   F.B.S.   (CouncU  1896-  ). 

9  Hervey-road,  Blackheath,  S.E. 
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1901.  SCree,  T.  S.    15  Montgomerie  Quadrant,  Glasgow, 
1896.  iOregeen,  A.  C.    21  Piince'a-aTenae,  Liverpool. 

1879.  jOreswick,  Natlianiel.    Ohantry  Graiffe,  near  Sheffield. 

1876,  •Crewdson,  Rev.  Canon  George.    St.  Mary's  Vicarage,  Windermere. 
1887.  •Crewdson,  Theodore.    Norcliffe  Hall,  Handforth,  Manchester. 

1896.  §CrichtoD,  Hugh.    6  Rockfield-road,  Anfield,  Liverpool. 

1880.  •Crisp,  Frank,  B.A.,  LL.B.,  F.L.S.,  F.G.8.    6  Lansdowne-road, 

Notting  Hill,  W. 
1890.  •Croft,  W.  B.,  M.A.    Winchester  CoUege,  Hampshire. 

1878.  JCroke^    John   (yByme,  M.A.     Clouneagh,  Ballingarry-Lacy,  co. 

Limerick. 

1857.  ^Crolly,  Rev.  George.    Mavnooth  College,  Ireland. 

1885.  JCbombib,  J.  W.,  M.  A.,  M.P.  (Local  Sec.  1885).  Balgownie  Lodge, 
Aberdeen. 

1885.  JCrombie,  Theodore.    18  Albyn-place,  Aberdeen. 

1901.SJCBOMPTON,  Col.,  R.E.,  M.In8t.0.E.  ^Pies.  G,  1901).  'Kensington 
Court,  W. 

1887.  SCrook,  Henbt  T.,  MJustCE.    9  Albert-square,  Manchester. 

1898.  §Crooke,  William.    Langton  House,  Charlton  Kings,  Cheltenham. 

1865.  §Cbookb8,  Sir  William,  F.R.S.,  V.P.C.S.  (Peesidbht,  1898; 
Pres.  B,  1880;  CouncU  188&-91).  7  Kensington  Park- 
gardens,  W. 

1879.  tCrookee,  Lady.    7  Kensington  Park-gardens,  W. 

1897.  ^Gbooxshaitx,  £.  M.,  M.B.    Ashdown  Forest. 
1870.  tCrosfield,  C.  J.    Gledhill,  Sefton  Park,  Liverpool. 
1894.  •Crosfield,  Miss  Margaret  C.    Undercroft,  Reigate. 
1870.  •GBOtFiBLB,  WiLLUM.    3  Fulwood  Pork,  Liverpool. 

1890.  tCross,  E.  Richard,  LL.B.      Harwood  House,  New  Parks-^n^scent, 

Scarborough. 
186L  X^^OMy  Rev,  John  Edward,  M.A,,  F.G,S,    Halecote,  Grange-over- 

Sandi, 

1858.  tCrosskill,  William.    Beverley,  Yorkshire. 

1887.  'Crossley,  William  J.    Glentield,  Bowdon,  Cheshire. 

1894.  •Crosweller,  William  Thomas,  F.Z.8.,  F.Llnst.  Kent  Lodge,  Sidcup, 
Kent. 

1897.  •Crosweller,  Mrs.  W.  T.    Kent  Lodge,  Sidcup,  Kent. 
1894.  tOrow,  C,  F,    Home  Lea,  Woodstock  Road,  Oxford. 

1888.  jOrowder,  Robert.    Stanwix,  CarMe. 

1882.  f  Crowley,  Frederick.    Ashdell,  Alton,  Hampshire. 
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1886.  JYoung,  R.  Fisher.    New  Bamet,  Herts. 
1901.  §  Young,  Robert  M.    Rathvuma,  Belfast. 

1888.  •Young,  Stditbt,  D.Sc.,  F.R.S.,  Professor  of  Chemistry  in  Univeraity 
College,  Bristol.    10  Windsor-terrace,  Clifton,  Bristol 

1887.  JYoung,  Sydney.    29  Mark-lane,  E.C. 

1890.  t  Young,  T.  Graham,  F.R.S.E.    Westfield,  West  Calder,  ScotUnd. 
1901.  §  Young,  William  Andrew.    Milbum  House,  Renfrew. 
1868.  tYoungs,  John.    Richmond  Hill,  Norwich. 

1886.  tZair,  George.    Arden  Grai^,  SolihuU,  Birmingham. 
1886.  iZair,  John.    Merle  Lodge,  Moseley,  Birmingham. 
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CORRESPONDING  MEMBERS. 


Taarof 


1887.  Profeflsor  Cleveland  Abbe.    Weather  Bureau,  Department  of  Agri- 
culture, Washinffton,  D.C.,  U.S.A. 

1892.  Professor  Svante  Arrhenius.    The  University,  Stockholm.     (Bergs- 

gatan  18). 
1881.  Professor  G.  F.  Barker.     3909,  Locust-street,  Philadelphia,  U.S.A. 
1897.  Professor  Carl  Barus.    Brown  University,  Providence,  R.I.,  U.S.A. 
1894.  Professor  F.  Beilstein.    8th  line,  No.  17,  St.  Petersburg. 

1894.  Professor  E.  van  Beneden.    50  quai  des  Pecheurs,  Li^ge,  Belgium. 
1887.  Professor  A.  Bernthseo,  PhJ).    Mannheim,  L  11,  4,  Germany. 

1895.  Professor  M.  Bertrand.    75  rue  de  Vaugirard,  Paris. 

1894.  Deputv  Surgeon-General  J.  S.  Billings.    40  Lafayette  Place,  New 
tork,  U.S.A. 

1893.  Professor  Christian  Bohr.    Bred^^de  62,  Copenhagen,  Denmark. 
1880.  Professor  Ludwig  Boltzmann.    IX/I.  Tiirkenstrasse  3,  Vienna. 
1887.  Professor  Lewis  Boss.     Dudley  Observatory,  Albany,  New  York, 

U.S.A. 
1884.  Professor  H.  P.  Bowditch,  M.D.    Harvard  Medical  School,  Boston, 

Massachusetts,  U.S.A. 
1890.  Professor  Dr.  L.  Brentano.    Friedrichstrafsse  11,  Miinchen. 

1893.  Professor  Dr.  W.  C.  Brogger.    Universitets  Mineralogske  Institute, 

Kristiania,  Norway. 
1887.  Professor  J.  W.  Briihl.    Heidelberg. 
1884.  Professor  George  J.  Brush.     Yale  University,  New  Haven,  Conn., 

U.S.A. 

1894.  Professor  D.  H.  Campbell.    Stanford  University,  Palo  Alto,  Cali- 

fornia, U.S.A. 
1897.  M.  C.  de  Candolle.    3  Cour  de  St.  Pierre,  Geneva,  Switzerland. 
1887.  Professor  G.  Capellini.    66  Via  Zamboni,  Bologna,  Italy. 
1887.  Hofrath  Dr.  H.  Caro.    C.  8,  No.  9,  Mannheim. 
1894.  Emile  Cartailhac.    5  Rue  de  la  Chaine,  Toulouse,  France. 
1861.  Professor  Dr.  J.  Victor  Carus.    Universitatstrasse  15,  Leipzig. 
1901.  Professor  T.  C.  Chamberlin.      Chicago,  U.S.A. 
1894.  Dr.  A.  Chauveau.    Rue  Cuvier  7,  Paris. 
1887.  F.   W.  Clarke.     United   States  Geological   Survey,  Washington, 

U.SA.. 
1873.  Professor  Guido  Cora.    Via  Goito  2,  Rome. 
1880.  Professor  Comu.    Rue  de  Grenelle  9,  Paris,  VI*  arr. 
1870.  J.  M,  CrafU,  M,D.    rEcole  des  Mines,  Parts. 
1876.  Professor  Luigi  Cremona.    5  Piazza  S.  Pietro  in  Vincoli,  Rome. 
1889.  W.  H.  DaU.    United  States  Geological  Survey,  Washington,  D.C., 

U.SA.. 
1901.  Dr.  Yves  Ddage.    Paris. 
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Eleotiou. 

1872.  Profefisor  G.  Dewalqne.    17  me  de  la  Paix,  lai6ge,  Belgium. 

1870.  Dr.  Anton  Dohrn,  D.CL.    Naples. 

1800.  Pro&Bsor  V.  Dwelshanverft-Dery.    4  Quai  Maroellia,  li^,  Belgium. 

1876.  ProfeiBor  Alberto  Eccher.    Florence.   * 

1894.  Profeaflor  Dr.  W.  Einthoyen.    Leiden,  Netherlands. 

1893.  Professor  F.  Elfving.    Helsingfors,  Finland. 
1901.  Professor  H.  Elster.  Wolfenbuttel,  Germany. 

1894.  Professor  T.  W.  W.  Engelmann,  D.G.L.    Neue  Wilhelmstrasse  16^ 

Berlin,  N.W. 
1892.  Professor  L^  En-era.    38  Hue  de  la  Loi,  Brussels. 
1901.  Professor  W.  G.  Farlow.    Harvard,  U.S.A. 
1874.  Br.  W.  Feddersen.    Oarolinenstrasse  9,  Leipzig. 

1886.  Dr.  Otto  Fmscb.    Leiden,  Netherlands. 

1887.  Professor  Dr.  R.  Fittig.    Strassbuig. 

1 894.  Professor  Wilhelm  Foerster,  D.G.L.    Encke  Platjs  Sa,  Berlin,  S.W.  48. 
1872.  W.  de  Fonvielle.    60  Rue  des  Abbesses,  Paris. 
1901.  Professor  A.  P.  N.  Franchimont    Leiden. 

1894.  Professor  L^n  Fredericq.    Rue  de  Pitteurs  20,  Li^,  Bel^um. 
1887.  Professor  Dr.  Anton  Fritsch.    66  Wenzelsplatz,  Prague,  Bohemia. 
1892.  Professor  Dr.  Gustov  Fritsch.    Dorotheen  Strasse  35,  Berlin. 
1881.  Professor  0.  M.  Gariel.    6  rue  Edouard  IMtaille,  Paris. 

1866.  Dr.  Gaudry.    7  bis  rue  des  Saints  PSres,  Paris. 
1901.  Professor  Dr.  Geitel,  Wolfenbuttel,  Germany. 

1884.  Professor  J.  Willard  Gibbs.    Yale  University,  New  Haven,  Conn., 

U.S.A. 
1884.  Professor  Wolcott  Gibbs.    Newport,  Rhode  Island,  U.S.A. 
1889.  G.  K.  Gilbert.    United  States  Geological  Survey,  Washington,  D.C., 

U.S.A. 
1892.  Daniel  C.  Gilman.    Johns  Hopkins  University,  Baltimore,  U.S.A. 
1870.  William  Gilpin.   Denver,  Colorado,  U.S.A. 
1889.  Professor  Gustave  Gilson.    TUniversit^,  Louvain,  Belgium. 
1889.  A.  Gobert.    222  Chauss^  de  Charleroi,  Brussels. 
1884.  General  A.  W.  Greely ,  LL.D.  War  Depwtment,  Washington,  U.S.A. 

1892.  Dr.  C.  E.  Guillaume.    Bureau  International  des  Poids  et  Mesurea, 

Pavilion  de  Breteuil,  Sevres. 
1876.  Professor  Ernst  Haeckel.    Jena. 
1881.  Dr.  Edwin  H.  Hall.    37  Gorham-street,  Cambridge,  Mass.,  U.S.A. 

1895.  Professor  Dr.  Emil  Chr.  Hansen.    Carlsberg  Laooratorium,  Oopen> 

hagen,  Denmark. 
1887.  Fr.  von  Hefner- Alteneck.    Berlin. 

1893.  Professor  Paul  Heger.    Rue  de  Drapiers  23,  Brussels. 

1894.  Professor  Ludimar  Hermann.    Universitat,  Konigsberg,  Prussia. 
1893.  Professor  Richard  Hertwig.    IZoologisches  Institut,  ^te  Akademie, 

Munich. 
1893.  Ph)fe88or  Hildebrand.    Stockholm. 
1897.  Dr.  G.  W.  HHl.    West  Nyack,  N.Y.,  U.S.A. 
1887.  Professor  W.  His.    Konigstrasse  22,  Leipzig. 
1881.  Professor  A.  A.  W.  Hubrecht,  LL.D.,  C.M.Z.a    The  Umvenity, 

Utrecht,  Netherlands. 
1887.  Dr.  Oliver  W.  Huntington.    Cloyne  House,  Newport,  R.  I.,  U.S.A. 
1884.  Professor  C.  Loring  Jackson.    6  Boybton  Hall,  Cambridge,  Maa* 

sachusetts,  U.S.A. 

1867.  Dr.  J.  Janssen,  LL.D.    L'Observatoire,  Meudon,  Seine-et^se. 
1876.  Dr.  W.  J.  Janssen.    Villa  Frisia,  Aroza,  Graubiinden,  Switzer- 
land. 

1881.  W.  Woolsey  Johnson,  Professor  of  Mathematics  in  the  United  Statea 
Naval  Academy,    32  East  Preston  Street,  Baltimore,  U  A  A, 
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1887.  Profesaor  C.  Julin.    153  rue  de  Frognee,  Li^ge. 

1^76.  Dr.  Giuseppe  Jung.    9  Via  Borgonuovo^  Milan. 

"884.  Professor  Dairoku  Kikuchi,  M.  A.  Imperial  University,  Tokjro,  Japan. 

873.  Professor  Dr.  Felix  Klein.     Wilhelm-Weberstrasse  3,  Gottingen. 

894.  Professor  Dr.  L.  Kny.    Kaiser- AJlee  92,  Wilmersdorf,  bei  Berlin. 

896.  Dr.   Kohlrauscli.     Marchstrasse    25b,  and   Phjsilcalisch-technisclie 

Eeichsanstalt,  Charlottenburg,  Berlin. 
856.  Professor  A.  Ton  KoUiker.    Wurzburg,  Bayaria. 
.894.  Professor  J.  Kollmann.    St.  Johann  88,  Basel,  Switzerland. 
.887.  Professor  Dr.  Arthur  Konig.     Physiological  Institute,  The  Uni- 
versity, Berlin,  N.W. 
894.  Maxime  Kovalevsky.    Beaulieu-sur-Nfer,  Alpes-Maritimes. 
887.  Professor  W.  Krause.    Knesebeckstrasse,  17/1,  Charlottenburg,  bei 

Berlin. 
877.  Dr.  Hugo  Kronecker,  Professor  of  Physiology.     Universitat,  Benii 

Switzerland. 
887.  Professor  A.  Ladenburg.    Kaiser  Wilhelm  Str.  108,  Breslau. 
887.  Professor  J.   W.  Langley.     77  Cornell  Street,  Cleveland,  Ohio, 

U.S.A. 
.882.  Dr.  S.  P.  Langley,  D.C.L.,  Secretary  of  the  Smithsonian  Institution. 

Washington,  U.S.A. 
887.  Dr.  Leeds,  Pn>fes8or  of  Chemistry  at  the  Stevens  Institute,  Hoboken, 

New  Jersey,  U.S.A. 
872.  M.  Georges  Lemoine.    76  Hue  Notre  Dame  des  Changes,  Paris. 
901.  Professor  Philipp.    Lenard,  Kiel. 
887.  Professor  A.  Lieben.    IX.  Wasagasse  9,  Vienna. 

883.  Dr.  F.  Lindemann.    Franz-Josefstrasse  12/1,  Munich. 
.877.  Dr.  M.  Lindemann.    Sennorrstrasse  62,  II,  Dresden. 
887.  Professor  Dr.  Georg  Lunge.    Universitat,  Zurich. 

871.  Professor  Jacob  Liiroth.    Mozart^trasse  10,  and  Universitat,  Freiburg- 

in-Breisgau,  Germany. 
894.  Dr.  Otto  Maas.    Wurzerstrasse  lb,  Munich. 

.887.  Dr.  Henry  C.  McCook.    3,700  Chestnutrstreet,  Philadelphia,  U.S.A. 
867.  Professor  Mannheim.    1  Boulevard  Beausdjour,  Paris. 
.887.  Dr.  0.  A.  Martins.    Voss  Strasse  8,  Berlin,  W. 
.890.  Professor  £.  Mascart,  Membre  de  llnstitut.    176  rue  de  ITJniversit^, 

Paris. 
887.  Professor  D.  I.  Mendel^ff,  D.C.L.    University,  St.  Petersburg. 
887.  Professor  N.  Menschutkin.    St.  Petersburg. 

884.  Professor  Albert  A.  Mkshelson.    The  University,  Ohicago,  U.S.A. 
887.  Dr.  Charles  Sedgwick  Minot.    Boston,  Massachusetts,  U.S.A. 
894.  Professor  G.  Mittag-Leffler.    Djuvsholm,  Stockholm. 

893.  Professor  H.  Moissan.    The  Sorbonne,  Paris  (7  Hue  Vauquelin). 
877.  Professor  V.  L.  Moissenet.    4  Boulevard  Gambetta,  Chaumont,  Hte. 

Mame,  France. 

894.  Dr.  Edmund  von  Mojsisovics.    Strohgasse  26,  Vienna,  III/3. 

897.  Professor  Oskar  Montelius.    St.  Paubgatan  11,  Stockholm,  Sweden. 
864.  Dr.  Arnold  Moritz.    The  University,  Dorpat,  Rusaa. 

807.  Professor  E.  W.  Morley,  LL.D.    Adelbert  College,  Cleveland,  Ohio, 

U.S.A. 
887.  E.  S.  Morse.    Peabody  Academy  of  Science,  Salem,  Mass.,  U.S.A. 
889.  Dr.  F.  Nansen.     Lysaker,  Norway. 
894.  Professor   R.    Naaini.     Istituto  Ohimico  dell'  Universitik,  Padova, 

Italy. 
864.  Dr.  G.  Neumayer.    Deutsche  Seewarte,  Hambtug, 
884.  Professor   Simon    Newcomb.     1620   P.-street,   Washington,  D.Ct 

U.S.A. 
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1887.  Professor  Emilio  Noeltmg.    Miihlhausen,  Elsass,  GermAny. 

1894.  Professor  H.  F.  Osbom.    Columbia  College,  New  York,  U5.A. 

1894.  BaroD  Osten-Sacken.    Heidelberg. 

1890.  Professor  W.  Oatwald.    Linn^strasse  2,  Leipzig. 

1889.  Professor  A.  S.  Packard.     Brown  Uniyersity,  Proyidence,  Rhode 

Island,  U.S.A. 

1890.  Mafieo  Pantaleoni.    20  Route  de  Malagnou,  Geneya. 

1895.  Professor  F.  Paschen.    Uniyersitat,  TuDingen. 

1887.  Dr.  Pauli.    Feldbergstrasse  49,  Frankfurt  a.  M.,  Germany. 

1901.  Professor  A.  Penck.     Vienna. 

1890.  Professor  Otto  Pettersson.    Stockhoms  Hogskola,  Stockholm. 

1894.  Professor  W.  Pfeffer,  D.C.L.    Linn^sti-asse  11,  Leipzig. 

1870.  Professor  Felix  Plateau.    152  Chauss^e  de  Courtrai,  Gand,  Belginm. 
1884.  Major  J.  W.  Powell,  Director  of  the   Geological  Survey  of  the 

United    States.      1333  F.  Street,  N.W.,  Washington,  1X0- 

U.S.A. 

1886.  Professor  F.  W.  Putnam.    Haryard  Uniyersity,  Camhridgey  Mtnra 

chusette,  U.S.A. 

1887.  Professor  Georg  Quincke.    Hauptstrasse  47,  Friederichsban,  Heidel- 

berg. 
1868.  L.  Radlkofer,  Professor  of  Botany  in  the  Uniyersity  of  Hmucb. 
Sonnenstrasse  7. 

1895.  Professor  Ira  Remsen.  Johns  HopMnfl  University,  Baltimore,  U.S.A. 

1886.  Rev.  A.  Renard.    6  Rue  du  Roger,  Gand,  Belgium. 

1897.  Professor  Dr.  0.  Richet.    15  Rue  de  rUniversittf,  Paris,  France. 

1878.  Professor  Baron  von  Richthofen.    Eurfurstenstrasse  117,  Berlin,  W. 

1896.  Dr.  van  Riickevorsel.    Parklaan  7,  Rotterdam,  Netherlands. 
1892.  Professor  Rosenthal,  M.D.    Erkngen,  Bavaria. 

1890.  A.  Lawrence  Rotch.  Blue  Hill  Obser\-atory,  Readville,  Massachnsettaa^ 

U.S.A. 
1895.  Professsr  Earl  Runge.     Eaiser  Wilhelmstrasse  5,  Eirchrode,   bei 

Hannover. 
1901.  Gen.-Major  Rykatchew.    St.  Petersbuiy. 
1894.  Professor  P.  H.  Schoute.    The  University,  Groningen,  Netherlasda. 

1883.  Dr.  Ernst  Schroder.    Gottesanerstrasse  9,  Earlsruhe  in  Baden. 
1874.  Dr.  G.  Schweinfurth.    Potsdamerstrasse  75a,  Berlin. 

1897.  Professor  W.  B.  Scott.    Princeton,  N.J.,  U.S.A. 
1873.  Dr.  A.  Shaferik.    Vinohrady  422,  Prague. 

1892.  Dr.  Maurits  Snellen,  Chief  Director  of  the  Royal  Meteorological 
Institute  of  the  Netherlands,  de  Bilt,  near  Utrecht. 

1887.  Professor  H.  Graf  Solms.    Bot.  Garten,  Strassburg. 

1887.  Ernest  Solvay.    25  Rue  du  Prince  Albert,  Brussels. 

1888.  Dr.  Alfred  Springer.    312  East  2nd  St.,  Cincinnati,  Ohio,  U.S.A. 

1889.  Professor  G.  Stefanescu.    Strada  Verde  8,  Bucharest,  Roumania. 
1881.  Dr.  Cyparissos  Stephanos.    The  University,  Athens. 

1894.  Professor  E.  Strasburger.    The  University,  Bonn. 
1881.  Professor  Dr.  Rudolf  Sturm.    Frankelplatz  9,  Breelau. 

1884.  Professor  Robert  H.  Thurston.    Cornell  Univeraty,  Ithaca,  New 

York,  U.S.A. 
1887.  Dr.  T.  M.  Treub.    Buitenzorg,  Java. 
1887.  Professor  John  Trowbridge.    Harvard  Univerdty,  Cambridge,  Maasa- 

chusetts,  U.S.A. 
Arminius  Y&mb^ry,  Professor  of  Oriental  lADguages  in  the  Uniyenitgr 

of  Pesth,  Huncary. 

1890.  Professor  Dr.  J.  H.  van't  Hoff    UUandstrasse  2,  Chaxlotteiibiaff. 

Berlin. 
1889.  Wladimir  Vemadsky.     Mineralogical  Museum,  Moscow. 
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1886.  Professor  Jules  VuylBteke.    21  rue  Belliard,  Brussels,  Belgium. 

1887.  Professor  H.  F.  Weber.    Zurich. 

1887.  Professor  Dr.  Leonhard  Weber.    Moltke  Strasse  60,  Kiel. 

1887.  Professor  August  Weismaun.    Freiburg^in-Breisgau,  Baden. 

1887.  Dr.  H.  0.  Wldte.    Athens,  Georgia,  U.S.A. 

1881.  Professor  H.  M.  Whitney.    Branford,  Oonn.,  U.S.A. 

1887.  Professor  E.  Wiedemann.    Erlangen.    [O/o  T.  A.  Barth,  Johannis- 

gasse,  Leipzig.] 
1887.  Professor  Dr.  RWiedecsheim.  Hansastrasse  3,  Freiburg-im-Breisgau, 

Baden. 
1887.  Professor  Dr.  J.  Wislicenus.    Liebigstrasse  18,  Leipzig. 
1887.  Br.  Otto  N.  Witt.    21  Siegmundshof,  Berlin,  N.W.    23. 
1876.  Professor  Adolph  WiiUner.    Aureliusstrasse  9,  Aachen, 
1887.  Professor  0.  A.  Young.    Princeton  College,  New  Jersey,  U.S.A.      . 
1896.  Professor  E.  Zacharias.    Botanischer  Garten,  Hamburg. 
1887.  Professor  F.  Zirkel.    Thalstrasse  33,  Leipzig. 
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LIST  OF  SOCIETIES  AND  PUBLIC  INSTITUTIONS 

TO  WHICH  A   COPY  OF  THE  BKPORT  IS  PRESENTED. 


GREAT  BRITAIN  AND  IRELAND. 


Belfast,  Queen's  College. 
Birminghaniy  Midland  Institute. 
Bradford,  Philosophical  Society. 
Brighton  Public  Librarjr. 
Bristol  Naturalists'  Society. 

-.  The  Museum. 

Cambridge  Philosophical  Society. 
Cardiff,  University  College. 
Cornwall,  Royal  Geological  Society  of. 
Dublin,  Geological  Survey  of  Ireland. 
,  Royal  College  of  Surgeons  in 

Ireland. 
,  Royal    Geological  Society  of 

Ireland. 

,  Royal  Irish  Academy. 

,  Royal  Society  of. 

Dundee,  University  College. 
Edinburgh,  Royal  Society  of. 

,  Royal  Medical  Society  of. 

,  Scottish  Society  of  Arts. 

Exeter,  Albert  Memorial  Museum. 
Glasgow  Philosophical  Society. 
,  Institution    of  Engineers    and 

Shipbuilders  in  Scotland. 
Leeds,  Institute  of  Science. 
,     Philosophical     and    Literary 

Society  of. 
Liverpool,  Free  Public  Library. 

,  Royal  Institution. 

London,  Admiralty,  Library  of  the. 

,  Anthropolo;rical  Institute. 

,  Arts,  Society  of. 

,  Chemical  Society. 

,  Civil  Engineers,  Institution  of. 

,  East  India  Library. 

,  Geological  Society. 

,  Geology,  Museum  of  Practical, 

28  Jermyn  Street. 

,  Greenwich,  Royal  Observatory. 

,  Guildhall,  Library. 

,  Kew  Observatory. 

,  King's  College. 


London,  Linnean  Society. 

,  London  Institution. 

,  Mechanical  Engineers,  lostiiii^ 

tion  of. 

,  Physical  Society. 

,  Meteorological  Office. 

,  Royal  Asiatic  Society. 

,  Royal  Astronomical  Sodety. 

— — ,  Royal  College  of  Physiciaiia. 

,  Royal  College  of  Surgeons. 

,  Royal      Engineers*      Inatitiite, 

Chatham. 

,  Royal  Geographical  Sodety. 

,  Royal  Institution. 

,  Royal  Meteorological  Society. 

,  Royal  Sodety. 

,  Royal  Statistical  Sodety. 

,  Sanitary  Institute. 

,  United  Service  Institation. 

f  Univeraty  College. 

,  War  Office,  Libnuy. 

,  Zoological  Society. 

Manchester  Literary  and  Philoeophlcml 

Sodety. 

,  Mechanics'  Institute. 

Newcastle-upon-Tyne,  Literary  and 

Phila<(ODhical  Society. 

,  Public  Library. 

Norwich,  The  Free  Library. 
Nottingham,  The  Free  library. 
Oxford,  Ashmolean  Sodety. 

,  Radclifie  Obeervatoiy. 

Plymouth  Institution. 

,  Marine  Biological  Assodatioiu 

Salford,  Royal  Museum  and  library. 
Sheffield,  University  College. 
Southampton,  Hartley  Instatotioo. 
Stonyhurst  College  ObeervatoiT. 
Swansea,  Royal  Institation  of  Soath 

Wales. 
Yorkshire  Philosophical  Sodety. 
The  Corresponding  Sooeties. 
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EUROPE. 


Berlin Die  Kaiserliche  Aka^ 

demie  der  "Wissen- 
schaften. 

Bonn    University  Library. 

Bruflsels  Royal    Academy    of 

Sciences. 

Oharkow University  Library. 

Coimbra  Meteorological      Ob- 

servatonr. 

Ck)penhagen    ...Royal      Society     of 
Sciences. 

Dorpat,  Russia.. .University  Library. 

Dresden   Royal  Museum. 

Frankfort    Natural  History    So- 
ciety. 

Geneva Natuwd  History  So- 
ciety. 

Gottingen    University  Library. 

Gi^tz   Naturwissenschaft- 

licher  Verein. 

Halle    Leopoldinisch-Caro- 

linische  Akademie. 

Harlem    Soci^t^     Hollandaise 

des  Sciences. 

Heidelberg University  Library. 

Helsingfors University  Library. 

Jena University  Library. 

Kazan,  Russia  ...University  Library. 

Kiel Royal  Observatory. 

Kiev Umversity  Library. 

Lausanne The  Universitr. 

Ley  den    University  Li  Drary . 

lAhge  University  Library. 

Lisbon Academia    Real    des 

Sciences. 


Milan   The  Institute. 

Modena    Ro;iral  A.cademy. 

Moscow  Society  of  Naturalists. 

University  Library. 

Munich    University  Library. 

Naples Royal    Academy    of 

Sciences. 

Nicolaieff. University  Library. 

Paris   Association  Fran^aise 

pour  I'Avancement 
des  Sciences. 

Geographical  Society. 

Geological  Society. 

Royal    Academy    of 

Sciences. 

School  of  Mines. 

Pultova  Lnperial  Observatory. 

Rome  AcK^emiadeiLincei. 

OoUegio  Romano. 

Italian    Geographical 

Society. 

Italian     Society     of 

Sciences. 
St.  Petersburg  .  University  Library. 

Imperial  Observatory. 

Stockholm  Royal  Academy. 

Turin   Royal     Academy    of 

Sciences. 

Utrecht   University  Library. 

Vienna The  Imperial  Library. 

Central    Anstalt   fur 

Meteorologie     und 
Erdmagnetismus. 
Zurich General  Swiss  Society. 


ASIA. 


Agra    The  College. 

Bombay  Elphinstone     Institu- 
tion. 

Grant    Medical    Col- 

lege. 
Calcutta Asiatic  Society. 

—        HoogUy  College. 


Calcutta Medical  College. 

Presidency  College. 

Ceylon The  Museum, Colombo. 

Madras The  Observatory. 

University  Library. 

Tokyo  Imperial  Univeraty. 


AFRICA. 


1901. 


Cape  of  Good  Hope  .    .    .  The  Royal  Observatory. 
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AMERIOA. 


Albany     The  Institute. 

Amherst  The  Observatory. 

Baltimore  Johns  Hopkins  Uni- 
versity. 

Boston. ...» American  Academy  of 

Arts  and  Sciences. 

California    The  Uniyersity. 

Lick  Obeervatoiy. 

Cambridge  Harvard    Univeruty 

Library. 

Chicago    American        Medical 

Association. 

Field  Columbian  Mu- 

seum. 

Kin^^ton Queen's  University: 

Manitoba Historical  and  Scien- 
tific Society. 

Mexico      Sociedad     C^entifica 

'  Antonio  Alzate.' 

Missouri  Botanical  Garden. 

Montreal  Council  of  Arts  and 

Manufactures. 

McQiU  University. 


.  New  York American    Societtj    of 

I  Civil  EngineexiL 

i  Lyceom     of     Natsral 

I  History. 

Ottawa Geological    Survey   of 

i  Canada. 

I  Philadelphia... American Philosopkieal 

'  Society. 

I  Franklin  Institnts. 

Toronto    The  Obeervatoiy. 

The    Canadian     Insti- 

tute. 

The  University. 

Washington  ...Bureau  of  Ethnolo^. 

Smithsonian  Institu- 
tion. 

The  Naval  Oboervatoiy. 

United  Statea  Geolo- 
gical Survey  of  ^he 
Territoriee. 

Library  of  Congreat. 

Board  of  Agriculture. 


AUSTRALIA. 


Adelaide 

Brisbane 
Sydney 

Tasmania 
Victoria 


.  The  Colonial  Government. 

.The  Royal  Geographical  Society. 

.  Queensland  Museum. 

.  Public  Works  Department. 

.  Australian  Museum. 

.  Royal  Society. 

.  The  Colonial  Gknremment. 


NEW  ZEALAND. 
Canterbury  Museum. 
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